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eas Unicam SP.600 Spectrophotometer for the visible 
region represents a nice combination of optical and electronic 
design. A simple Littrow monochromator of high resolving 
power with a glass prism is used to give continuous wave- 
length selection between 3,600A and 10,000A in a precise 
and convenient manner. The vacuum photocell and amplifier 
have a sensitivity that allows the use of narrow slit widths 
with a corresponding freedom from spectral impurity. The 
null-point measuring system eliminates internal circuit effects 
and does not assume linearity of the amplifier. Alternative 
battery or mains operation can be provided. 
The SP.600 is highly sensitive and suitable for solutions of low 
optical density as it will measure accurately small differences 
in concentration. Operation is simple and rapid, up to four 
samples being examined together, and readings are taken as 
either optical density or percentage transmission. A series of 
routine checks at one closely defined wavelength can be made 
with the same ease as a complete absorption spectrum over the 
wavelength range available. The spectrophotometer is strongly 


built, requires little maintenance and is moderately priced. 

Please write for the new 

illustrated leaflet which | | N | ( A M 
describes the instrument 


in detail. SPECTROPHOTOMETERS 


UNICAM INSTRUMENTS LTD : ARBURY WORKS : CAMBRIDGE 


LLLVPVPYPVPYPVPV<IPVPYPVYPUPVUPUPV®PWPVUPVPYPVPVYPV PY PVPV® VPN VN UNV N UY 


UU YUPYVP UVP VVPV VV VPP VMOU 
U133B 


\ 
y 
j 
) 
j 
‘ 
§ 
j 
g 
‘ 
‘ 
\ 
j 
‘ 
‘ 
\ 
j 
N 
j 
\ 
\ 
§ 
\ 
§ 
j 
\ 
‘ 
§ 
§ 
" 
iy 


Journal of the Chemical Society. [December, 1954 


PYRIDINE DERIVATIVES 
2-Acetyl pyridine for " determination 


3-Acetyl pyridine. 
2-Amino-4 : 6-dimethyl pyridine. 
2-. -Amino-3-metnyl pyridine 
2-Amino-4-metnyl pyridine 
2-Amino-5-methyl pyridine 
2-Amino-6-methyl pyridine 
2-Amino-5-nitro p ridine ney 
2-Amino pyridine or ‘een amen ) 
3-Amino pyridine 
4-Amino pyridine. © 
2-Benzyl-amino pyridine » 
2-Benzyl pyridine. ‘ 
4-Benzyl p a pe ° 
Bis(2-pyridyl)-glycol 
Bis 4-pyridy!)-glycol 
Bromo pyridine. > vie aa 
3-Bromo pyridine ... . . / 
2-Chloro pyridine patie seo ~— yd ae pe get cng: = 
Cinchomeronic acid (pyridine- 3: 1. range trom to enabiing p values to 
dicarboxylic acid) { checked to within 0.5 pH. 
3: ‘Gy a ee foc dome atographs) COMPARATOR Four separate books for work 
yano-6-methyl pyridine. 
= ane —— (pr soem . requiring greater accuracy. With these papers the 
ano idine (nicotinonitrile ; 
yas -Gyano adie ‘ieoniootinonitrile) ; y ology 13 ot. any solution can be asceriained to 
Diamino pyridine. . . . 
: 5-Dibromo pyridine * es : : 
: 6-Dicyano yridine ; : ane Descriptive leaflet will be sent free on request. 


*-Dimethyl-a«-p . ‘ 
: Le paren agard fr 
oD Dimethyt-<-pyridein é : J OHINISIOIN'S; 
ipico c ac ¢ ene 2: 6- 
: 6-Dipico acid) e - Est. 1743 
“ bs yridyl 
Ipyrlartanaine 
2 Dipse dyl hydrate 
a -Ethyl pyridine. . 
2-Hexy] pyridine 
a-Hydroxy pyridine (py ridone- 2) 
ty drox xy pyridin 
-Lutidine (aime pyridine) . 
2; :4- Lutidine. . 
2:5- a sg ae ha 
re 16 sth Snot hyl pyridi ark j 
snr S-othat Bysttine - We ave makew 
2- “Bethy? 5-ethyl pyridine (alde- Pf 
ydecollidine) ° 
ST ects tasas |) 
6-Methyl-pyridine-2- ehy e . 
4-Methyl-pyridine-2 ? 6-dialde- ALUMINIUM NITRATE 
Nicotinic : acid (niacin) , : mt ‘ H 
isoNicotinic acid (y-picolinic acic ; 
isoNicotinic acid thioamide | . TIN SULPHATE 
a«-Picoline (2-methyl pyridine). . . 
8-Picoline (3-methyl pyridine). . . 
y-Picoline (4-methyl pyridine) . (STANNOUS) 
2-Picolinic acid (pyridine-2 -carboxylic 
acid) 2s 
2-Picolinic acid Bed te . 
Pyridine redistilled (2° ©. boiling 
range) . e ° 
Pyridine (0- 6° CO. boiling rs ange) . 
Pyridine-2-aldehyde Z 
Pyridine-3-aldehyde , 
Pyridine-4-aldehyde : ‘ 
Pyridine-4-aldehyde hydrate aces ig 
ee a senate 
c . - 
Pyridine-2 : 6-dialdehyde . 
Pyridine-2-ethanol ; % 
eer ema cee acid. . 
—s (a-hydroxy- ” “keto-dipyridy!- 
thane ° 
Pyridyl-2-carbinol 
Peridsit-carbinol le: “alert ms 
yl-4-carbinol . © a 
2- "Pyridyl hydroxymethyl K AYLENE (CHEMICALS) LTD. 


POYLE TRADING asiiaatiie WATERLOO ROAD, LONDON, N. 
COLNBROOK BUCKS ENGLAND 
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WHATMAN 


FILTER AIDS 


ASHLESS TABLETS and ACCELERATORS 


are now made by a new method. The tablets will break 
up in aqueous solutions much more quickly than the old type of 
tablet. They also show improved performance as filter aids. 


ASHLESS TABLETS: Each tablet is 3.85 cms. diam., weighs 
2.40 g., and has an average ash content of 0.00029 g. 
Packed in boxes of 100. Price per box: 10/6. 


ACCELERATORS: Each piece is 1.95 cms. diam., weighs 0.45 g., 
and has an average ash content of 0.00005 g. 


Packed in boxes of 100. Price per box: 3/9. 


Supplies may be obtained through all regular Whatman suppliers. 


Sole Mill Representatives : 


H. REEVE ANGEL & CO., LTD. 
9 Bridewell Place, London, E.C.4. 


Manufacturers : 


W. & R. BALSTON, LTD., MAIDSTONE, KENT 
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H. K. LEWIS 


Scientific and Technical Books. :: Large Stock of Recent Editions. :: Foreign 
Books not in Stock obtained under Special Licence. :: Catalogues on request. 


LENDING LIBRARY — Scientific and Technical 
ANNUAL SUBSCRIPTION FROM 25s. PROSPECTUS FREE ON APPLICATION 


af ‘Authors and Subjects revised. to December 1949, BLMONTHLY LIST OF NEW BOOKS AND 
NEW EDITIONS ADDED TO THE LIBRARY 


BOOKS ON THE CHEMICAL 
AND ALLIED SCIENCES 


Pp. xii + 1152. To subscribers 17s. 6d. net. To non- 
subscribers 35s. net., postage Is. 6d. Supplement 1950 to 


1952. 
postage 6d. 


To subscribers 3s. net; to non-subscribers 6s. net; 


POST FREE TO SUBSCRIBERS REGULARLY 


H. K. LEWIS & Co. Ltd., 


136 Gower Street, London, W.C.I 


Teleph : EUSton 4282 (7 lines) oe? 


LAPORTE CHEMICALS LTD., 
Luton, require young active men 
who have completed their National 
Service commitments. Successful ap- 
plicants will be trained for plant su- 
pervisory duties and as shift chemists. 

Minimum standard required in both 
cases is General Certificate or equiv- 
alent in Chemistry, Mathematics and 
English. Salary according to age, 
qualifications and experience. Apply 
to Manager, Works Laboratories. 


BOOTS PURE DRUG CO. LTD., wish 
to appoint a RESEARCH BIOCHEMIST to 
work in the Biochemistry Division of their 
Research Department. In this Division re- 
search is carried out in the fields of medi- 
cinal substances of plant and animal origin, 
including anti-biotics. Applicants should 
have an honours degree preferably with 
post-graduate or industial research experi- 
ence. 

APPLICATIONS SHOULD BE MADE TO: 

THE PERSONNEL MANAGER, 
STATION STREET, NOTTINGHAM. 


BOOTS PURE DRUG CO. LTD., have 
a vacancy in the Research Department for a 
PHYSICAL CHEMIST to participate in the 
research programme covering the com- 
pany’s wide interests in the fields of fine 
chemicals, medical, veterinary, horticultural 
and agricultural products. Applications are 
invited from male graduates with academic 
or industrial post-graduate experience of 
investigational work using physico-chemical 
methods. Special knowledge of and interest 
in infra-red and ultra-violet spectrophoto- 
metry would be a distinct advantage. 
APPLICATIONS SHOULD BE MADE TO: 
THE PERSONNEL MANAGER, 
STATION STREET, NOTTINGHAM. 


CHEMICAL ENGINEERS are 
required by Boots Pure Drug Co. Ltd., 
for work in their Fine Chemical and 
Antibiotic Factories at Nottingham 
and Beeston. The duties include de- 
sign and maintenance of chemical 
plant and liaison between production 
and engineering departments. Candi- 
dates should be under thirty-two 
years of age and should apply stating 
qualifications, experience and salary 
required. Applications should be 
made to the Personnel Manager, 
Station Street, Nottingham. 


BEATSON CLARK 
BOTTLES 


Dustproof JStoppered 
reagentd 
When ordering your Laboratory require- 


ments be sure to specify Beatson Clark 
Dustproof Stoppered Reagent Bottles. 


“The Sign of a Good Bottle’”’ 


necisveneo 


BEATSON, CLARK & CO. LTD. 


GLASS BOTTLE MANUFACTURERS 
ROTHERHAM Established 1751 YORKS 


BO 72: 
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—MANSFIELD OIL-GAS PLANT— 
FOR LABORATORIES’ GAS SUPPLY 


Laboratories without a supply of gas should write for particulars of this Plant 
which produces gas in a simple manner from any cheap oil such as Solar Oil... . 
The gas produced has a calorific value of 1,350 B.T.U.’s per cubic foot, and is 
suitable for use with any appliance designed for use with coal gas and gives 
perfect oxidising and reducing flames. 

MANSFIELD & SONS LTD 
62 HAMILTON SQUARE, BIRKENHEAD 


_ Keeping Mechanical. 


Power on the move! 


In the building of powerful 
diesel engires Ermeto Valves 
and Couplings are a standard 
specification just as they are in 
scores of other industries. 
Renowned throughout the 
world for their vibration-proof 
and pressure holding qualities 
they are specified by designers 
and production engineers 
everywhere. The secret is in 
the Ermeto ring which cuts its 
own sealing flange as you 
tighten the locking nut. 


Ermeto joints have no equal 


VALVES & 
COUPLINGS 


Regd. Trade Mark 


BRITISH ERMETO CORPORATION LTD., MAIDENHEAD, BERKS. Teleph : Maidenhead 2271/4 


PM 
THE WORLD’S GREATEST BOOKSHOP 


EOYvLes Specialists in 
* FOR BOOKS: Tracing 


ALL YOUR CHRISTMAS Out-of-Print 


Books Books 


119-125 CHARING CROSS ROAD, LONDON, W.C.2 
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Two minutes from Tottenham Court Rd. Station 
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Spence type A active alumina is a 
powerful dehydration catalyst and is 
also an excellent activating 

carrier for a wide range of mixed 
catalysts. 

Spence catalysts are hard, porous and 
active, and can be prepared, in 
either pellet or granular forms, to 
the customer’s individual research 
or production requirements. 


CHEMICALS FOR INDUSTRY 


PETER SPENCE & SONS LTD * WIDNES ~- LANCS 
Also at LONDON AND BRISTOL 
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AT REIGATE === 
OUR JOB 


AS ESSENCE MANUFACTURERS 


IS TO TAKE NATURAL PRODUCTS WHICH 
HAVE A FLAVOUR OR AROMA OR BOTH; 
EXTRACT FROM THEM THE PRINCIPLES RE- 
SPONSIBLE FOR THAT FLAVOUR AND AROMA, 
AND THEN PREPARE THESE PRINCIPLES IN 
SUCH A FORM AS TO BE EASILY AND CON- 
VENIENTLY AND ECONOMICALLY USED BY 
OUR CUSTOMERS. 


WE ARE SPECIALISTS IN THIS FIELD AND CAN 
OFFER GUARANTEED NATURAL PRODUCTS 
WHICH FOR QUALITY AND TRUE FLAVOUR 
ARE IN A CLASS BY THEMSELVES. 


REIGATE BRAND— 


VANILLA NATURA 
GRAPEFRUIT NATURA 


ORANGE NATURA 
(SWEET OR BITTER) 


ORRIS NATURA 
WHITE, TOMKINS & COURAGE, LTD. 
NORTH ALBERT WORKS, REIGATE 


TELEGRAMS: ESSWHITE, REIGATE TELEPHONE: REIGATE 2242-3 


ESTABLISHED 1841 
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the outstanding purities of 


Judactan 


analytical reagents 


We invite you to compare the 
actual batch analysis shown here, 
with the purities guaranteed by 
the specifications to which you 
normally work — we are sure the 
comparison will be helpful to you. 


AMMONIUM PERSULPHATE A.R. 


(NH,) 25,05 Mol. Wt. 228-21 


ACTUAL BATCH ANALYSIS 


(Not merely maximum impurity values) 


Batch No. 11267 


Non-volatile Matter ..........-.......:::::.:.2. 0°088% 

Chloride (CD a 0:0006% 
Heavy Metals (Pb) ............ sssosdsesacasee SENDS 
Iron (Fe) scarce vee 0:0007% 
Manganese (M2)..............::ssssecceerereeeeeree 0'0001% 


| The above analysis is based on the results, not of our own Control Laboratories 
alone, but also on the confirmatory Analytical Certificate issued by independent 
Consultants of international repute 


This is the analysis of a 
Judactan reagent. And, as with 
every Other reagent in the series 
it is the actual batch analysis 

— it is one of several of which 
we are especially proud. 
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Anthoxanthins. Part I. Selective Methylation and Demethylation. 


By T. H. Simpson and (in part) J. L. Beton. 
[Reprint Order No. 5484.] 


The relative rates of cleavage of methoxyflavones by hydrobromic acid 
lie in the order 3’ > 4’ > 7. Hydrobromic acid caused selective demethyl- 
ation of 7: 3’-dimethoxy-, 3:7: 3’-trimethoxy-, and 5:7: 3’-trimethoxy- 
flavones to yield the 7-monomethy] ethers. 

The relative rates of methylation of flavone-hydroxyl groups with methyl 
sulphate and sodium hydrogen carbonate in acetone lie in the order 
7>4 >3’>3. With methyl sulphate and aqueous-alcoholic sodium 
carbonate the exact reverse of this order is observed. By these methods, 
selective methylation of a number of hydroxyflavones has been achieved, 
e.g., galangin yielded its 7-methy] ether by the first method and its 3-methyl 
ether by the second. 


ANTHOXANTHINS are important substances in foodstuffs and their mode of formation in 
plant tissue is still incompletely known. Stephens (Arch. Biochem., 1948, 18, 457) has 
advanced genetical evidence which suggests that glycosidation is the last stage of flavone 
biosynthesis. Ina recent review (Ann. Rev. Biochem., 1951, 20, 506), Seshadri has pointed 
out that, although 7-methyl ethers and glycosides are of frequent natural occurrence, 
attempts to methylate selectively the 7-hydroxyl group in polyhydroxyflavones have 
failed. He therefore concluded that such a methylation or glycosidation is unlikely to be 
successful in the plant and tentatively suggested that they take place at a flavanone stage 
of synthesis. The fact that in the flavonol series the 3-hydroxyl group appears to be 
favoured for glycosidation has not been discussed. The work described in this com- 
munication was undertaken in order to provide information on the relative reactivities of 
hydroxyl and methoxyl groups occupying different positions in the flavone nucleus. 

The rates of acidic fission of 7-, 4’-, and 3’-methoxyflavones have been measured, 
excess of aqueous hydrobromic acid at 123° being used as reagent (see p. 4066). For 
demethylation of phenol ethers under similar conditions Donnan and Ghaswalla (/., 1936, 
1341) proposed the mechanism : 


+ + 
PhOMe === H,0 + Ph-O-Me ; Ph-O-Me + Br- ——» PhOH + MeBr 
H H 


The slower cleavage of conjugated than of unconjugated ethers is now explained by 
quinonoid resonance contributions opposing the approach of hydroxonium ions. In 
agreement with this, we have found that the 3’-methyl ethers of flavones undergo fission 
much more readily than the 7- or the 4’-methy] ethers. The observation that the 7-ether 
is more resistant than the 4’-ether is also to be expected, since the form (I), with its smaller 


MeO, , 
VAY 4O~. p = ‘ 
Tr “I h ‘a es 4 , —=OMe (11) 
“Sw. ‘ eal es 
a WANA 
oO 


(1) 


separation of ionic charges must be expected to make a larger contribution to resonance 
structure than does (II). 

The cleavage of polymethoxyflavones by hydrobromic acid has been investigated. 
7: 3’-Dimethoxyflavone was found to undergo selective demethylation, yielding 3’- 
hydroxy-7-methoxyflavone. 3:7:3’- and 5:7: 3’-Trimethoxyflavones suffered the 
expected simultaneous fission of 3’- and 3- or 5-methoxyl groups to give the corresponding 
7-monomethyl ethers. 

An attempt to achieve the selective methylation of 7 : 4’-dihydroxyflavone with methyl 
sulphate and potassium carbonate in acetone failed, the product being largely dimethyl 
ether and unchanged starting material. When the reaction was repeated, with sodium 
hydrogen carbonate in place of potassium carbonate, the product contained a monomethy! 

6R 
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ether fraction only slightly contaminated with dimethyl ether and starting material : 
comparison of the fluorescence of this material in ultra-violet light with the fluorescence 
colours of standard mixtures of 7- and 4’-monomethy] ethers suggested a predominance of 
the former compound in the product, and this was supported by the isolation of 4’-hydroxy- 
7-methoxyflavone. 

In a more detailed study acetone solutions of hydroxyflavones were allowed to react 
with excess of methyl sulphate and sodium hydrogen carbonate at 50°, in an atmosphere of 
carbon dioxide, and at intervals samples were analysed by a gravimetric method. First- 
order rate constants are given below. Although the precise mechanism of this hetero- 
geneous reaction has not been elucidated, the order of reactivity of flavone-hydroxyl groups 
(7 > 4’ > 3’ > 8) suggests that the reaction rate is determined by the acidity of the 
hydroxyl group, an increase in acidity causing an increase in rate. 

In a second series of experiments, the reactions between hydroxyflavones and excess of 
methyl sulphate in aqueous-alcoholic sodium carbonate were followed by spectrophoto- 
metric estimation of the phenoxide ions. The rate constants (see p. 4067) fall into the order 
3 > 3’ > 4’ > 7, in substantial agreement with the view of Hodgson and Nixon (/., 1930, 
2166) that the reaction is controlled by the basic strength of the phenoxide ions, a decrease 
in rate following a decrease in basic strength. 

These two, distinct, methylation methods achieve selective methylation of a number of 
di- and tri-hydroxyflavones; by the first procedure, 3: 7- and 7 : 3’-dihydroxyflavone 
yielded the 7-monomethyl ethers, 3: 7 : 3’-trihydroxyflavone yielded 3 : 3’-dihydroxy-7- 
methoxyflavone, and galangin (3 : 5: 7-trihydroxyflavone) yielded its naturally occurring 
7-methyl ether, izalpinin; by the second procedure 3:7- and 7 : 3’-dihydroxyflavone 
furnished the 3- and the 3’-monomethy] ether, respectively. In the same way, galangin 
yielded its naturally occurring 3-methy] ether, and 3 : 4’-dihydroxyflavone gave 4’-hydroxy- 
3-methoxyflavone, though in unsatisfactory yield. These products were compared with 
authentic specimens. The new compounds were also synthesised by well-established 


methods. 


It is interesting that the two hydroxyl groups, viz., those occupying the 7- and the 3- 
position, which are most readily methylated by the methods described above, are those 
which are apparently favoured for glycosidation in plants. The argument against 
glycosidation being the last stage of flavone biosynthesis (Seshadri, /oc. cit.) is therefore no 


longer valid. 


EXPERIMENTAL 

M. p.s were measured on a Kofler block and are corrected. 

Demethylation Kinetics.—Centrifuge tubes containing solutions of the hydroxyflavones 
(10 mg.) in hydrobromic acid (48% w/w; 1 ml.) were placed in an oil-bath at 123°. At appro- 
priate intervals, the mixtures were diluted with water (10 ml.) and centrifuged. The super- 
natant liquors were removed by a capillary siphon, and the solids extracted at the centrifuge 
with ice-cold 2N-sodium hydroxide (3 x 5 ml.) and then with water (5 ml.). The residues 
consisting of unchanged ether were transferred to tared, medium-porosity filter tubes, washed 
with water, dried, and weighed. Pseudo-first-order rate constants were : 

PORMORYRRVOING 6.55 50icss covguivgentenesiveons enoschapes 7- 4’- 3’- 
RO g (RBS) - ceinecncescvensantusensaved comacsessteanes 8-7 30:5 160 

Methylation Kinetics.—(a) Mixtures of the appropriate hydroxyflavone (476 mg.), anhydrous 
acetone (100 ml.), methyl sulphate (2-52 g. 10 mols.), and anhydrous sodium hydrogen carbonate 
(10 g.) were stirred at 50° under reflux in a slow stream of anhydrous carbon dioxide. At intervals, 
3 ml. portions were transferred to centrifuge tubes and diluted with water (20 ml.), and the 
methyl ethers were separated and determined gravimetrically as in the preceding experiment. 
Rate constants were : 

PLYGLOR VRE VOND os.csvvevesvkss sos sesese 7- 4’- 
ee 37 

(b) Methyl sulphate (0-5-ml. portions) was rapidly added, with shaking, to solutions of the 
hydroxyflavones (20 mg.) in alcohol (3 ml.) and aqueous sodium carbonate (N, 5 ml.), and the 
solutions were replaced in a water-bath at 20°. At suitable times, 1-ml. portions were removed 
and diluted with an appropriate volume of aqueous-alcoholic sodium hydroxide (alcohol, 1 vol. ; 
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2N-aqueous sodium hydroxide, 1 vol.). The intensity of colour due to unchanged phenoxide 
ions was then measured with a ‘‘ Spekker ’’ absorptiometer. Control experiments showed that 
Beer’s law was obeyed over the absorption range encountered and that absorption by flavone 
ethers was negligible. The following rate constants for the methylation reaction have been 
calculated : 


Hydroxyflavone .........s0eceeeeeeee eee 7- 4’- 3’- 3 
Rs CNS OE corset aot ce kes 459 cae agutee 1-1 4-3 11-7 17-1 


Selective Demethylation of Flavone Ethers.—(a) A solution of 7: 3’-dimethoxyflavone (250 
mg.) in hydrobromic acid (48% w/w; 50 ml.) and acetic acid (18-5 ml.) was refluxed gently for 
1 hr., cooled, and added to excess of dilute sulphurous acid. The solid was collected and after 
being washed with a little alcohol had m. p. 244—-247°. A chromatogram on Whatman No. 1 
paper with benzene—pyridine—water (Simpson and Garden, J., 1952, 4368) showed this material 
té be 3’-hydroxy-7-methoxyflavone contaminated with a trace of dihydroxy-compound. One 
recrystallisationfrom alcohol furnished the pure monomethyl ether in colourless needles (100 
mg.), m. p. and mixed m. p. 249—250°. 

(b) 3:7: 3’-Trimethoxyflavone was obtained by methylation of 7-hydroxy-3 : 3’-dimethoxy- 
flavone (Shaw and Simpson, J., 1952, 5031) with potassium carbonate and excess of methyl 
sulphate in boiling acetone. It separated from light petroleum (b. p. 100—120°) in colourless 
felted needles, m. p. 122—123° [Found : C, 69-0; H, 5-1; OMe, 29-9. C,;H,O,(OMe), requires 
C, 69-2; H, 5:2; OMe 29-8%]. A solution of this ether (250 mg.) in hydrobromic acid (48% 
w/w; 20 ml.) was refluxed gently for 20 min. and then added to water (100 ml.). The preci- 
pitate was collected and twice recrystallised from alcohol, yielding 3 : 3’-dihydroxy-7-methoxy- 
flavone in cream-coloured needles (100 mg.), m. p. and m. p. on admixture with an authentic 
sample, 215—217°. 

(c) Methylation of 3’-hydroxy-5 : 7-dimethoxyflavone with methyl sulphate and aqueous 
sodium hydroxide furnished the trimethyl ether in colourless felted needles, m. p. 148° (from 
aqueous alcohol) [Found: C, 69-3; H, 5-2; OMe, 29-6. C,;H,O,(OMe), requires C, 69-2; 
H, 5:2; OMe, 29:8%]. This compound (50 mg.) was refluxed in hydrobromic acid (48% w/w; 
2 ml.) for 30 min. and the product isolated by dilution with water. Digestion of this with 
2N-aqueous sodium hydroxide at the centrifuge yielded a liquor which was acidified, and the 
resulting precipitate recrystallised rom alcohol. 5: 3’-Dihydroxy-7-methoxyflavone was 
obtained in yellow prisms (12 mg.), m. p. and mixed m. p. 236—238°. 

Selective Methylation with Sodium Hydrogen Carbonate in Acetone.—(a) 7: 3’-Dihydroxy- 
flavone (500 mg.), sodium hydrogen carbonate (10 g.), methyl sulphate (275 mg., 1-1 mols.), and 
acetone (100 ml.) were refluxed with stirring in a slow stream of carbon dioxide. After 24 hr. 
the mixture was filtered, the solids were washed with boiling acetone, and the combined filtrate 
and washings reduced to low bulk and diluted with water. A chromatogram on a portion of the 
resulting precipitate showed it to consist largely of 7-monomethy] ether with small amounts of 
dimethyl ether and starting material. This material was triturated with 10% aqueous sodium 
hydroxide, filtered to remove dimethy] ether, and acidified. The resulting solid (350 mg.) had 
m. p. 242—245°. Recrystallisation from alcohol furnished 3’-hydroxy-7-methoxyflavone in 
cream-coloured needles, m. p. and mixed m. p. 249—250°. 

(b) 3: 7-Dihydroxyflavone (500 mg.) was methylated as above. Thrice recrystallised from 
alcohol, the crude reaction product yielded 3-hydroxy-7-methoxyflavone in cream-coloured 
needles (210 mg.), m. p. and mixed m. p. 179-5—180-5°. 

(c) 3: 7: 3’-Trihydroxyflavone (100 mg.) was methylated by the same procedure. Acidi- 
fication of the alkali-soluble portion of the product yielded a solid which on repeated recrystal- 
lisation from alcohol furnished 3: 3’-dihydroxy-7-methoxyflavone in pale yellow needles (40 
mg.), m. p. and mixed m. p. 214—216°. 

(zd) The product which was obtained when galangin (150 mg.) was methylated in the same 
way had m. p. 182—190°. Repeated recrystallisation from alcohol furnished 3 : 5-dihydroxy- 
7-methoxyflavone (55 mg.), m. p. and mixed m. p. 195—196°. 

(e) 7: 4’-Dihydroxyflavone (500 mg.) was methylated during 48 hr. by the same procedure. 
The alkali-insoluble portion of the product (80 mg.; m. p. 143—144°) proved to be 7: 4’-di- 
methoxyflavone. The alkali-soluble portion was separated by repeated chromatography on 
Whatman No. 1 paper into unchanged starting material (55 mg.) and a mixture of the two 
monomethyl ethers. The latter solid (360 mg.) had m. p. 255—259°. Visual comparison of 
the colour of its fluorescence in ultra-violet light with the fluorescence colours of known mixtures 
of 7- and 4’-monomethy] ether suggested that its composition was 7—8 parts of 7- to 2—3 parts 
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of 4’-monomethy] ether. Repeated recrystallisation from alcohol furnished pure 4’-hydroxy- 
7-methoxyflavone in slender pale yellow prisms, m. p. and mixed m. p. 267°. 

Selective Methylation in Sodium Carbonate Solution.—(a) Methyl] sulphate (3-5 ml.) was added 
to a solution of 7: 3’-dihydroxyflavone (150 mg.) in alcohol (20 ml.) and N-aqueous sodium 
carbonate (35 ml.). After 20 min. at 20°, the solution was diluted with water, filtered to remove ° 
a trace of dimethyl ether, and acidified. The solid was collected and a further quantity obtained 
by evaporation (im vacuo) of the mother-liquor. The combined solids (135 mg.) had m. p. 
274—-278°. A chromatogram run on Whatman’s No. 1 paper with benzene—pyridine—water 
showed this material to consist of 7-hydroxy-3’-methoxyflavone contaminated with a trace of 
dihydroxyfiavone and a blue fluorescent compound which was not identified. After 3 recrystallis- 
ations from alcohol, the pure monomethy] ether was obtained in cream-coloured needles, m. p. 
and mixed m. p. with an authentic sample, 282—284°. 

(b) The product (120 mg.) which was obtained when 3: 7-dihydroxyflavone (150 mg.) was 
methylated during 15 min. and the mixture was worked up as described above had m. p. 225«— 
230°. Recrystallised from ethyl acetate and then from aqueous methanol, it furnished 
7-hydroxy-3-methoxyflavone in colourless felted needles, m. p. and mixed m. p. 234—236°. 

(c) Galangin (20 mg.) was methylated during 15 min. by the same reactants in proportionate 
quantities. Worked up as above, it yielded a solid (15 mg.), m. p. 285—290°, which on re- 
crystallisation from ethyl acetate—light petroleum and then from alcohol gave 5 : 7-dihydroxy- 
3-methoxyflavone in pale yellow prisms, m. p. and mixed m. p. 297—299°. 

(d) 3: 4’-Dihydroxyflavone (150 mg.) was methylated by the same procedure. The alkali- 
soluble portion (80 mg.) of the product was repeatedly recrystallised from alcohol, furnishing 
4’-hydroxy-3-methoxyflavone in cream-coloured prisms (15 mg.), m. p. and m. p. on admixture 
with an authentic specimen 230—233°. 

Methylation of 7: 4’-Dihydroxyflavone with Potassium Carbonate and Methyl Sulphate in 
Acetone.—(a) This compound (500 mg.), methyl sulphate (275 mg., 1-1 mols.), acetone (100 ml.), 
and potassium carbonate (10 g.) were refluxed, with stirring for 24 hr. Worked up by the 
standard method, the product yielded an alkali-insoluble residue (220 mg.), m. p. 140—144°, 
raised to 143—144° on recrystallisation from methanol, which consisted of 7 : 4’-dimethoxy- 
flavone. The alkali-soluble portion (270 mg.) had m. p. approx. 310° (decomp.). A paper 
chromatogram showed this material to be 7 : 4’-dihydroxyflavone, contaminated with a little 
monomethy] ether. 

7-Hydroxy-3'-methoxyflavone.—Condensation of 4-benzyloxy-2-hydroxyacetophenone (4 g.) 
with m-methoxybenzaldehyde (6 g.) and aqueous sodium hydroxide (6 g. in water, 12 ml.) in 
alcohol (20 ml.) during 24 hr. yielded 4-benzyloxy-2-hydroxyphenyl 3-methoxystyryl ketone 
(6-5 g.), yellow prisms (from alcohol), m. p. 141—142°, giving a reddish-brown ferric colour in 
alcohol (Found: C, 76-6; H, 5-4. C,3;H,.O, requires C, 76-7; H, 56%). It (5 g.) was then 
heated with selenium dioxide (resublimed; 7 g.) in amyl alcohol (80 ml.) under reflux for 18 hr. 
and filtered. The combined filtrate and washings were steam-distilled, leaving a residue which 
on recrystallisation from alcohol yielded 7-benzyloxy-3’-methoxyflavone in colourless needles 
(3-5 g.), m. p. 161-5—162-5° (Found: C, 77-0; H, 5-0. C,;H,,0O, requires C, 77-1; H, 5-1%). 
Debenzylation of this material (3 g.) was effected by acetic acid (30 ml.) and concentrated hydro- 
chloric acid (25 ml.) on the water-bath for 1 hr. After steam-distillation and recrystallisation 
of the residue from alcohol, 7-hydroxy-3’-methoxyflavone was obtained in cream-coloured needles 
(1-9 g.), m. p. 282—285° (Found: C, 17-6; H, 4:5; OMe, 11-9. C,,;H,O,-OMe requires C, 
71-6; H, 4:5; OMe, 11-6%). Its acetate separated from methanol in colourless prisms, m. p. 
144—-145° (Found: C, 69-6; H, 4:3. C,,H,,0; requires C, 69-7; H, 4-5%). 

4’-Hydvoxy-3-methoxyflavone.—4-Benzyloxystyryl 2-hydroxyphenyl ketone was prepared by 
condensing o-hydroxyacetophenone (5 g.) with p-benzyloxybenzaldehyde (9 g.) and sodium 
hydroxide (12 g. in the minimum of water) in alcohol (40 ml.). It separated from alcohol in 
pale yellow, lustrous plates (8 g.) m.p . 112—113°, giving a brown alcoholic ferric colour (Found : 
C, 80-1; H, 5-6. C,.H,,O, requires C, 80-0; H, 5-5%). To asolution of this compound (1 g.) 
in hot alcohol (15 ml.), N-alcoholic potassium hydroxide (7 ml.) was added, followed immediately 
by hydrogen peroxide (100-vol.; 2 ml.). After 15 min. the mixture was diluted with water and 
acidified. The resulting solid was recrystallised from alcohol, yielding 4’-benzyloxy-3-hydroxy- 
flavone in pale yellow needles (450 mg.), m. p. 176-5—177-5°, giving a violet ferric colour in 
alcohol (Found : C, 76-7; H, 4-9. C,.H,,O, requires C, 76-7; H, 4:7%). Its acetate separated 
from alchol in colourless plates, m. p. 145—146° (Found: C, 74-6; H, 4-7. C,,H,,0; requires 
C, 74:6; H, 4:7%). Methylation of the benzyl ether (2 g.) with an excess of methyl sulphate 
and potassium carbonate in boiling acetone was complete in 12 hr. and yielded 4’-benzyloxy-3- 
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methoxyfiavone. Recrystallised from alcohol, this formed colourless plates (1-5 g.), m. p. 112— 
113°, which gave no ferric colour (Found: C, 76-9; H, 5-0%). This material (2-8 g.) was 
debenzylated by acetic acid (25 ml.) and concentrated hydrochloric acid (15 ml.) on a water-bath 
for l hr. 4’-Hydroxy-3-methoxyflavone was obtained in cream-coloured prisms (1-7 g.), m. p. 
232—233°, from alcohol (Found: C, 71:8; H, 4:6; OMe, 11:7%). Its acetate formed colourless 
needles (from methanol), m. p. 138—139° (Found : C, 69-9; H, 44%). 
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Macrozamin. Part IV.* Positional and Geometrical Isomerism in 
Mixed Aliphatic-aromatic Azoxy-compounds. 
By J. N. Broucu, B. LytuHooe, and (in part) P. WATERHOUSE. 
[Reprint Order No. 5489.] 


Three of the four possible isomers of representative azoxy-compounds of 
the type Ar-CH,*(N,O)-Ar’ have been prepared and examined. The two trans- 
isomers were obtained by per-acid oxidation of the azo-compound 
Ar-CH,*N-NAr’; in the examples studied the trans-benzylazoxybenzene, 
AreCH,*N°N(O)*Ar’, predominated and the /¢rvans-w-arylazoxytoluene, 
Ar-CH,*N(O).NAr’, was the minor product.f 

The ‘“‘hydrazone oxides,’ i.e., the high-melting products of per-acid 
oxidation of aromatic aldehyde hydrazones, are cis-benzylazoxybenzenes, 
Ar-CH,*N:IN(O)*Ar’, and have structures the reverse of those proposed by 
Witkop and Kissman (J. Amer. Chem. Soc., 1953, 75, 1975) and by Lynch 
and Pausacker (J., 1953, 2517). These cis-compounds are not obtained by 
careful oxidation of azo-compounds, but they can be prepared by isomerising 
the trans-benzylazoxybenzenes formed in that reaction. The mechanisms of 
the isomerisation and of the formation of ‘‘ oxides ’’ from hydrazones are dis- 
cussed. Both reactions can be extended beyond the mixed aliphatic-aromatic 
series, e.g., to the preparation of 4 : 4’-dichloro-cis-w-azoxytoluene, 


AMONG unsymmetrically substituted azoxy-compounds studied in connection with the 
plant poison macrozamin, we have given special attention to those of the type 
Ar-CH,*(N,O)-Ar’ because of their connection with the problem of “ benzaldehyde pheny]- 
hydrazone oxide.’’ This compound was obtained by oxidising benzaldehyde phenyl- 
hydrazone with perbenzoic acid, and was allotted the improbable structure (I) by Bergmann, 


* Part III, J., 1952, 4191. 

+ Unambiguous nomenclature was needed for the asymmetric azoxy-compounds R:*N:N(O)-R’ 
described in this paper. After consultation with the Editors the following method has been adopted. 
The compound R’H [where R’ is the residue attached to the N(O) group] is regarded as the parent com- 
pound, into which the R-N:N(O)-group is substituted. In conformity with the I.U.P.A.C. name phenyl- 
azo (not benzeneazo) for Ph*N:N- (see /., 1952, 5062, 5098), the R-N:N(O)- groups are termed arylazoxy 
(not areneazoxy) or alkylazoxy (not alkaneazoxy). Arylazoxy- and alkylazoxy-groups, being treated 
as substituents into the compound R’H, must be listed alphabetically with any other substituents in the 
R’ moiety. The following examples illustrate the method : 

CH,*N:N(O)-CHMe, 2-(methylazoxy) propane 
PhEtCH:N:N(O)-CHMe, 2-(1-phenyl-1-propylazoxy)propane 
Ph-CH,*N:N(O):C,H,Cl-p p-(Benzylazoxy)chlorobenzene 
p-C,H,Cl-CH,°N:N(O)-Ph (4-Chlorobenzylazoxy) benzene 
p-C,H,Cl-N:N(O)-CH,°Ph w-(p-Chlorophenylazoxy) toluene 
Ph:N:N(O)-CH,°C,H,Cl-p p-Chloro-w-(phenylazoxy) toluene 
p-C,H,Br-N:N(O)-CH,°C,H,Cl-p w-(p-Bromophenylazoxy)-p-chlorotoluene 
p-C,H,Br-N:N(O)-*CH,°C,H,Br-p p-Bromo-w-(p-bromophenylazoxy) toluene 

Parentheses are used freely, particularly when it is necessary to avoid confusion with the trivial names 
for symmetrical azoxy-compounds, such as azoxybenzene for C,H,-N:N(O)-C,H,, or with cases where the 
position of the azoxy-oxygen atom is not known. 
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Ulpts, and Witte (Ber., 1923, 56, 679). As mentioned in Part III * we repeated the 
preparation of this “‘ oxide’’ a few years ago, because we then expected it to have the 
structure (II). We had shown that aliphatic azoxy-compounds, obtained by per-acid 
oxidation of azo-compounds, are characterised by two strong absorption bands in the 
infra-red near 1500 and 1300 cm.!; the infra-red spectrum of “‘ benzaldehyde phenyl- 
hydrazone oxide ’’ contained two such bands and was free from bands near 3300 cm.} 
attributable to OH or NH groups. There was thus little doubt that the “ oxide ”’ 
contains an azoxy-group. Nevertheless, a structure exactly analogous to those of the 
azoxy-compounds described in Part III was in our opinion ruled out by its high melting 
point (202°) and very sparing solubility in ether and warm light petroleum, solvents in 
which azoxybenzene (m. p. 36°) and 4: 4’-dichloro-w-azoxytoluene (m. p. 107°) are both 
readily soluble. 

— Ph-CH,°N:N:Ph 

0 


y) 


(1) (11) 

These apparently contradictory conclusions showed that further work was needed to 
settle the structure of the ‘‘ oxide.’’ Whilst this work was in progress two other groups of 
workers (Witkop and Kissman, J. Amer. Chem. Soc., 1953, 75, 1975; Lynch and Pausacker, 
J., 1953, 2517) reported examinations of ‘‘ benzaldehyde phenylhydrazone oxide ’’ and 
some of its analogues; they concluded that the “ oxide ’’ has the structure (II). In the 
present paper we show, first, that the problem is more complex than has formerly been 
realised, in that the “ oxides ’’ differ geometrically from the azoxy-compounds described in 
Part III; and secondly, that the structure (II), which the American and Australian 
workers favour, is wrong in respect of the position assigned to the oxygen atom. 

Our approach to the problem was to compare the products of perbenzoic acid oxidation 
of hydrazones with those of the corresponding azo-compounds; #-chlorobenzaldehyde 
phenylhydrazone and the isomeric azo-compound (III) were chosen for initial study, and 
their more important transformations are set out in the annexed scheme. 


p-Cl-CgH,-CH!N*NHPh p-Cl-C,HyCH,-N:NPh_ (III) 


| Ph-CO,H 


es ; . 


MeOH-OMe- 
p-Cl-C,HyCH,*N:N(O)*Ph «<q——————._ p-Cl-C, ,HyCH,"N!N(O)*Ph p-Cl-C,Hy-CH,"N(O):NPh 
** Oxide ”’ or cis-form, trans-Form, mv. p. 37° trans-Form, m. p. 63° 

m. p. 180 (VI) (VII) 


(VIII) ‘= Et,O HCl eg 


p-Cl-C,HyCCL-N-NHPh 


V) 
CF,°CO,Br v0 CF,-CO,Br 


y — p-Cl-C,HyCO-NH-NHPh ' 


Br MeOH-OMe- Br 
OP al wea q—— J \e oak — = ee 
Cl? CH,*N:N(O):Ph CI SCH,*N:N(O):Ph p-Cl-C,H,y*CH,*N(O):N-C,H,Br-p 
‘** Oxide ”’ or cis form, trans-Form, m. p. 112° tvans-Form, m. p. 107° 
m. p. 176° (XIII) (XIV) 
(XVII) 
HCI-Et,0 


p-Cl-C,H,yCCIN-NH-C,H,Br-p (V) 


Ph-CO,H 
H,O 
Br Br 


oan 


ge’ See ‘eae wee " 1s f : . az 
Cl< CH:N:NHPh KG ‘CO,H + Ph-NH:NH, p-Cl-C,H,*CO*-NH:NH:°C,H,Br-p 
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Ethereal perbenzoic acid converted #-chlorobenzaldehyde phenylhydrazone into an 
“oxide ’’ of m.p. 180° with properties similar to those of Bergmann’s “ oxide.’’ Its infra-red 
absorption spectrum showed that it was an azoxy-compound ; its sparing solubility in ether 
and light petroleum showed that it was not an analogue of the azoxy-compounds 
described in Part III. 

The azo-compound (III) obtained by dehydrogenation of the corresponding hydrazo- 
compound with aqueous ferric chloride was crystalline; although fairly stable at 0° it 
isomerised to the hydrazone slowly in methanol at room temperature. On careful oxidation 
with perbenzoic acid in ether (III) gave only a very small quantity of the “ oxide ’’ of m. p. 
180°, and it will be clear from the sequel that even this small amount is not a true product 
of the reaction, but owes its formation to isomerisations of the starting material and of one 
of the true products. The crude syrupy product left when the “ oxide ’’ had been removed 
was separated by crystallisation into a major product, m. p. 37°, and a minor product, 
m. p. 63°. Both had the composition #-Cl*C,H,*CH,*(N,O)-Ph, and showed the expected 
absorption bands near 1500 and 1300 cm.*!; their low melting points and ready solubility 
in cold light petroleum showed that they belonged to the same series as the primary aliphatic 
azoxy-compounds described in Part III. 

Like the latter, too, they were both hydrolysed cleanly by hot hydrochloric acid, giving 
ultimately an acid (f-chlorobenzoic) and a substituted hydrazine (phenylhydrazine). The 
behaviour of the closely related compound (XIV) (below) makes it likely that these hydro- 
lyses proceeded through both the intermediates (IV) and N-f-chlorobenzoyl-N’-pheny]l- 
hydrazine. Hydrogen chloride in ether converted both the azoxy-compounds of m. p. 
37° and 63° into (IV), reactions analogous to that in which the same reagent converts an 
aci-nitro-compound into a hydroxamic chloride. The structure of (IV) was shown by its 
hydrolysis, which gave N-f-chlorobenzoyl-N’-phenylhydrazine and one equivalent of 
hydrochloric acid; the intervention of substituted hydrazides in the hydrolysis of primary 
aliphatic azoxy-compounds was demonstrated in Part III (loc. cit). 

The “ oxide”’ of m. p. 180° behaved quite differently towards ethereal hydrogen 
chloride; a dark green tar was formed, from which no homogeneous compound could be 
isolated. Treatment with hot aqueous-ethanolic hydrochloric acid did hydrolyse this 
“oxide ’”’ slowly to give rather poor yields of #-chlorobenzoic acid and phenylhydrazine, but 
much tar was also formed. 

The existence of three isomers of the structure ~-Cl-C,H,°CH,°(N,O):Ph shows that 
geometrical as well as positional isomerism of the azoxy-group is under observation. 
The isomers of m. p. 37° and 63°, obtained from the azo-compound (III), obviously differ 
only in the location of the oxygen atom, and belong to the same geometric series. Although 
the identity of this series cannot yet be decided with complete certainty a tentative assign- 
ment must be made here if only for convenience of reference. The azo-compound (III) is 
very probably, like azomethane, a ¢rans-compound (Boersch, Monatsh., 1935, 65, 327). 
Per-acid oxidation of azo-compounds appears to cause no inversion of geometric con- 
figuration, since cis-azobenzene gives (labile) c’s-azoxybenzene (Badger, Buttery, and Lewis, 
J., 1953, 2143). The azoxy-compounds of m. p. 37° and 63° may therefore be tentatively 
assigned to the ¢vans-series, with structures (VI) and (VII) (not necessarily respectively) ; 
the “‘ oxide ’’ form of m. p. 180° would then be a cis-compound, either (VIII) or (IX). 


p-Cl-C,H,-CH, QO  _p-Cl-C,Hy-CH, p-Cl-C HCH, Ph p-ClhC,HyCH, —_Ph 
\y=n7 pNEN ' N=NQ pN=N’ 
(VI) Ph (VII) O Ph (VIII) O (Ix) O 


The existence of the three isomeric azoxy-compounds described above is not an isolated 
case. Oxidation of -chlorobenzaldehyde #-bromophenylhydrazone gave a_ typical 
‘“ oxide,”” m. p. 186°. Perbenzoic acid oxidation of w«w-(f-bromophenylazo)-f-chloro- 
toluene (X) gave two normal trans-azoxy-compounds, a major product, m. p. 104°, and a 
minor product, m. p. 107°; it is noteworthy that no trace of the “ oxide’ of m. p. 186° 


was detected as a product. 
The key to the structures of all these azoxy-compounds clearly lay in the identification 
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of the trvans-compounds of m. p. 37° and 63°, preferably by the classical substitution 
method (Angeli and Valori, Atti R. Accad. Lincei, 1912, 21, 155). However, the more 
accessible isomer of m. p. 37° did not react with bromine by simple substitution; instead 
the compound (XII) was isolated. This was no doubt formed by the bromination of the 
p-ClCgHyCH,(N,0)-Ph Sy p-ChCHyCBN-NHPh Py p-ClC,HyCBiN'NHK Br 
(XI) (XI) +2HBr Br 


C-bromo-hydrazone (XJ), produced by the action of hydrogen bromide on the azoxy- 
compound. ‘The structure of (XII) was shown by its formation from #-chlorobenzaldehyde 
phenylhydrazone and bromine (cf. Chattaway and Walker, J., 1925, 1975). Better 
results than with bromine alone were obtained with bromine and silver trifluoroacetate 
(bromine trifluoroacetate; Haszeldine and Sharpe, J., 1952, 993). This reagent, 
used in nitrobenzene at room temperature, substituted azoxybenzene rapidly, giving 
the same bromo-derivative as that obtained by the action of bromine alone; this and 
other evidence shows that the reagent is electrophilic, and it could therefore be used 
instead of bromine for the present purpose. With the azoxy-compound of m. p. 37° in 
nitrobenzene it reacted slowly, giving only a monobromo-derivative, m. p. 112°, in rather 
poor yield; the bromo-compound of m. p. 107° obtained from (X) was not detected in the 
products. Hot hydrochloric acid hydrolysed the azoxy-compound of m. p. 112° cleanly, 
giving phenylhydrazine and 3-bromo-4-chlorobenzoic acid. The slow substitution of the 
azoxy-compound of m. p. 37° and the position taken up by the entering bromine atom show 
that the monosubstituted benzene ring must be deactivated by attachment to the quater- 
nary nitrogen atom of the azoxy-group; that is, the azoxy-compound of m. p. 37° must 
be (VI), and its bromination product of m. p. 112° (XIII). 

The azoxy-compound of m. p. 63° should therefore be (VII). In agreement, it reacted 
rapidly with bromine trifluoroacetate, giving in over 50% yield a monobromo-derivative, 
m. p. 107°, identical with that obtained from oxidation of the azo-compound (X). Its 
structure follows from this identity, and also fromits conversion into the C-chloro-hydr- 
azone (V) either by treatment with dry ethereal hydrogen chloride, or by brief interaction 
with boiling aqueous-ethanolic hydrochloric acid. Hydrolysis of (V) with hot water and 
alcohol gave N-p-bromophenyl-N’-f-chlorobenzoylhydrazine. The rapid formation of 
the bromo-compound of m. p. 107° from the azoxy-compound of m. p. 63° and the position 
taken up by the entering bromine atom confirm the structure of the azoxy-compound of 
m. p. 63° as (VII), and its bromo-derivative of m. p. 107° as (XIV). Hence too, the 
bromo-compound of m. p. 104° which forms the major product of oxidation of (X) must 


Lr Ao) 


have the structure (XV), analogous to that of the compound (VI) of m. p. 37°. 


P-ClCHyCH, _O p-Cl-C,Hy-CH, CF,-CO,Br p-Cl-C,HyCH, 
N=N pNeN, tat i N=N, 
(VI) Ph (v1) O ‘Ph (XIV) O° ‘C,H,Br-p 


CF,-CO,Br 
Ph-CO,H 


7V p-Cl-C,HyCH, _O Ph-CO,H 
N=N < 
(XITT) (XV) C,H,Br-p (X) 


N=N< p-Cl'C,HyCHyNIN-C,H,Br-p 


Ph 


These structures were confirmed by the relevant ultra-violet absorption spectra (Fig. 
and Table). The azoxy-compound of m. p. 37° and its bromo-analogue of m. p. 104° have 
their main absorption band near 255 my; this is consistent with the structures (VI) and 
(XV), the chromophores of which resemble that of nitrobenzene (Amax. 260 my). In the 
structures (VII) and (XIV) the resonant system is much longer, extending from the oxygen 
atom through the azo-group to the #-position of the benzene ring. Maximal light absorp- 
tion at wave-lengths considerably longer than 260 my would therefore be expected for these 
compounds and, in fact, the azoxy-compounds of m. p. 63° and 107° both have their main 
absorption maxima at >290 my. 
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In the products of oxidation of (III), (V1) predominated over (VII) in the approximate 
ratio 10:1. Inthe products of oxidation of (X) the preponderance of (XV) over (XIV) 
was even greater. The aromatically bound nitrogen atom of these azo-compounds is 
therefore attacked much more rapidly than the aliphatically bound nitrogen atom. This 
is rather surprising, since it might be thought that the latter atom would have the higher 
electron availability, and perbenzoic acid is almost certainly correctly regarded as an 
electrophilic reagent. 

The structure of the “ hydrazone oxides” (or cis-azoxy-compounds) may now be 
considered; the four examined here were derived from the phenylhydrazones of benzalde- 


Compound * Amax. (EtOH) mz) 10-e 


Ar-CH 
Need trans-p-Chloro-w-(phenylazoxy) toluene (VII) 292 13-4 
o” ia Ar’ trans-w-(p-Bromophenylazoxy)-p-chlorotoluene (XIV) 299-5 18-2 
Ar 


Artite 4 0 tvans-(4-Chlorobenzylazoxy) benzene (VI) 249 
N=N, trans-p-Bromo-(4-chlorobenzylazoxy) benzene (XV) 260-5 
‘Ar’ tvans-(3-Bromo-4-chlorobenzylazoxy) benzene (XIII) 249 


rs es cis-(4-Chlorobenzylazoxy) benzene (VIII) 254 
N=N cis-p-Bromo-(4-chlorobenzylazoxy) benzene (XVI) 264 
Xo cis-(3-Bromo-4-chlorobenzylazoxy) benzene (XVII) 256 


* For nomenclature see footnote, p. 4069. 


Light absorption of : 
A, trans-(4-chlorobenzylazoxy) benzene ; 
B, trans-p-chloro-w-(phenylazoxy)toluene ; and 
C, ‘“‘ p-chlorobenzaldehyde phenylhydrazone oxide” 
(all in EtOH). 


| 
250 J 
Wave-length (mu) 


hyde, p-chlorobenzaldehyde, and 3-bromo-4-chlorobenzaldehyde, and from the f-bromo- 
phenylhydrazone of #-chlorobenzaldehyde. Their ultra-violet spectra (Fig. and Table) 
all show a main absorption maximum near 260 my; in this they resemble very closely the 
trans-compounds (VI), (XIII), and (XV), in which the oxygen atom is attached to aro- 
matically bound nitrogen, and they differ markedly from the ¢vans-compounds (VII) and 
(XIV) (oxygen attached to aliphatically bound nitrogen; Amax. >290 my). It is therefore 
almost certain that the “ oxides ’’ are cis-forms in which the oxygen is attached to aro- 
matically bound nitrogen; thus the “ oxide’’ of m. p. 180° from #-chlorobenzaldehyde 
phenylhydrazone is (VIII) and those from /-chlorobenzaldehyde p-bromophenylhydrazone 
and 3-bromo-4-chlorobenzaldehyde phenylhydrazone are respectively (XVI) and (XVII). 


4074 Brough, Lythgoe, and Waterhouse : 


It is noteworthy that corresponding trans- and cis-forms, e.g., (VI) and (VIII), do not 
show very different absorption intensities; this contrasts with the two azoxybenzenes of 
which the cis-form absorbs considerably less intensely than the trans-form. In cts-azoxy- 
benzene steric interference between the two benzene rings prevents their coplanarity, and 
this probably accounts for the reduced intensity of absorption, and possibly also for the 
inferior stability of the cis-form. Steric interference between the methylene group and 
the pheny] residue in (VIII) is clearly small compared with that in cis-azoxybenzene ; it is 


3r 
PCICHyCH, CoH yBr-p af \cH, Ph 
N=N 9 — \NEN r 
(XVI) Oo (XVII) Xo 

probably little greater than exists between the oxygen atom and the methylene group in 
(VI), so it is not surprising that (VI) and (VIII) have very similar absorption spectra. 

Perhaps the strongest evidence that the “ oxides’ are cis-benzylazoxybenzenes is 
provided by their formation from the trans-benzylazoxybenzenes under very mild con- 
ditions. The compound (VI) had to be preserved at —40°, since even in the dark at room 
temperature the solid slowly isomerised to the “ oxide ’’ of m. p. 180° (VIII). The same 
change took place in solution and was effectively irreversible, although quantitative yields 
were not obtained owing to partial decomposition. The isomerisation in solution had 
characteristics which suggested that it took place by removal and replacement of a proton. 
It was slow in light petroleum, more rapid in methanol; in the latter solvent it was markedly 
accelerated by 0-01N-sodium methoxide and was almost completely inhibited by 0-01N- 
toluene-f-sulphonic acid. Addition of sodium methoxide to a solution of (VI) in methanol 
produced an intense yellow colour which was immediately discharged by the addition of 
acid; this colour is probably due to the resonant anion (XVIII) mentioned below. Similar 
isomerisations of (XV) to give (XVI), and of (XIII) to give (XVII), were also observed, 
but they took place much less readily; thus (XV) survived brief heating at 80° in alcohol, 
and the extent of its isomerisation in absolute ether at 0° during 1 week was very small. 
These facts have a bearing on the mechanism of formation of the c7s-compounds by per- 
acid oxidation of hydrazones. The structural prerequisites for the isomerisation are at 
present being studied. It is not confined to mixed aliphatic-aromatic azoxy-compounds, 
since we have found that 4: 4’-dichloro-tvans-w-azoxytoluene (Part III, doc. cit., where it 


p-ClCsHyCH, p-Cl-C,H,-CH!N-NHPh 
(vIp ATA yrrcout 
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was termed w-azoxy-p-chlorotoluene) is converted into the cis-isomer by methanolic 
sodium methoxide. On the other hand the trans-w-phenylazoxytoluenes such as (VII) 
did not undergo similar isomerisation. 

If the cis-azoxy-compound of m. p. 180° is correctly formulated as (VIII), then its 
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formation from the trans-isomer (VI) is easily understood as follows. Removal of a proton 
from the methylene group of (VI) can be effected by a solvent molecule or by an added base 
because it is assisted by the phenyl residue and by the azoxy-group, the latter stabilising 
the anion by the resonance (XVIII, a~> }). This resonance would diminish the double- 
bond character of the link between the two nitrogen atoms and lower the barrier to free 
rotation, so allowing the change to a resonant ion (XIX, a~*> d) of cis-configuration ; 
the change would then be completed by return of the proton. No such explanation of the 
isomerisation could apply if the ‘‘ oxides’ had structures of the type (II) advocated by 
Witkop and Kissman and by Lynch and Pausacker (occ. cit.), for then the change would 
involve a migration of the oxygen atom as well as a geometrical inversion. 

The formation of the “ oxides ”’ or cis-isomers by per-acid oxidation of hydrazones is 
also most readily understood if they have structures of the type (VIII). The oxidation 
probably gives initially an intermediate such as (XX), which would very readily lose a 
proton to give the resonant ion (XIX, a@~* 0d) which is thus an intermediate in both 
methods of formation. This mechanism accounts for the fact that it is the more stable 
cis-forms, not the trans-forms, which are obtained by oxidising hydrazones. 

Witkop and Kissman (loc. cit.) assumed that during oxidation hydrazones first isomerise 
to azo-compounds. Lynch and Pausacker (/J., 1954, 1131) showed that in a series of 
substituted benzaldehyde phenylhydrazones the second-order oxidation reaction velocity 
was affected more strongly by substituents in the Ph-NH ring than by those in the Ph-CH 
ring. This they regarded as strong support for the mechanism : 


Ar-CH:N-NHA?r’ === Ar:CH,*N:NAr’ —» Ar-CH,°N(O):NAr’ 


since in this mechanism alone is the nitrogen atom remote from Ar’ brought under the 
effective influence of groups situated in that ring. This apparent difficulty arose only 
because the wrong structure was allotted to the “ oxides,” and a simpler explanation 
of the kinetic results is available in terms of our proposed mechanism. In the oxidation 
step of the latter, it is the aromatically bound nitrogen atom of the phenylhydrazone which 
undergoes oxidation, and substituents in the benzene ring to which this atom is attached 
will naturally exert the most strongly marked effect on the reaction velocity. On other 
grounds, too, the participation of azo-compounds as intermediates in the reaction is un- 
likely. It would require that the cis-forms were not true products of the reaction, but 
arose from the ¢vans-compounds by isomerisation. As mentioned above, some of the trans- 
isomers, ¢.g., (XIII) and (XV) are rather stable under the conditions of the reaction, and 
would undoubtedly survive; however, they are not detectable, and instead the c7zs-isomers 
are obtained. 

Witkop and Kissman adopted the structure (II) for ‘‘ benzaldehyde phenylhydrazone 
oxide’ because they regarded its high melting point and sparing solubility as due to 
tautomerism of (II) with “ salt-like ’’ structures : 


(II) Ar-CH,-N(O)!NAr’ == Ar-CH‘N(OH):N-Ar’ == [Ar-CH!NIN-Ar’]+ OH- 


it was said that similar tautomeric structures could not be written starting with the struc- 
ture Ar-CH,*N:N(O)-Ar’. Against this it must be observed that infra-red spectroscopy 
shows the absence of hydroxylic tautomers in the solid state and in solution in chlorinated 
solvents. Lynch and Pausacker (/., 1953, 2517) claimed that bromine in boiling pyridine 
converted ‘‘ benzaldehyde phenylhydrazone oxide ’’ in high yield into a crystalline mono- 
bromo-derivative, identical with that obtained by the per-acid oxidation of benzaldehyde 
p-bromophenylhydrazone; such a result would, if substantiated, provide some evidence 
for structure (II). We have repeated this experiment, but obtained only tars; nor were 
more favourable results obtained from similar bromination of ‘‘ p-chlorobenzaldehyde 
phenylhydrazone oxide.”” With bromine trifluoroacetate the latter gave no well-defined 
substitution product, but the rate of disappearance of active bromine was, as with the 
isomer (VI), slow; this favours structure (VIII), not (IX). These and other results 
described above are not easy to reconcile with Lynch and Pausacker’s claim. 
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EXPERIMENTAL 

Infra-red spectra were determined with mulls in hexachlorobutadiene. 

cis(-4-Chlorobenzylazoxy) benzene (VIII).—To p-chlorobenzaldehyde phenylhydrazone (17:8 g.) 
ethereal 2:75m-perbenzoic acid (29-5 c.c.) was added slowly at 0°; the mixture was diluted with 
ether (15c.c.) and kept at 0° for 20 hr., and the precipitated solid collected. Recrystallisation 
from benzene—alcohol gave the cis-azoxy-compound as needles, m. p. 179—180° (decomp.) 
(Found: C, 63-4; H, 4:4; N, 11-3. Calc. for C,3H,,ON,Cl: C, 63-3; H, 4:5; N, 11-4%). 
The asymmetric stretching vibration of the azoxy-group gave a strong absorption band at 
1477 cm.7}. 

N-4-Chlovobenzyl-N’-phenylhydvazine.—Reduction of p-chlorobenzaldehyde phenylhydrazone 
with 3% sodium amalgam in alcohol by Schlenk’s method (J. pr. Chem., 1908, 78, 50) gave the 
base hydrochloride (80%), m. p. 187—189° (Found: C, 58-0; H, 5-1; N, 10-6. C,,;H,,N,Cl, 
requires C, 58:0; H, 5-2; N, 10-4%). The Schotten—Baumann method gave the N-benzoyl 
derivative, m. p. 124° (from alcohol) (Found: C, 71:6; H, 4:8; N, 8:4. C,,H,,ON,Cl requires 
C, 71-3; H, 5-1; N, 83%). 

p-Chloro-w-(phenylazo)toluene (III).—Solutions of the above base hydrochloride (12 g. in 
1-2 1. of water) and ferric chloride hexahydrate (65 g. in 200 c.c. of water) were mixed and shaken 
for 10 min. then extracted with light petroleum (2 x 150 c.c.; b. p. 40—60°). The extract 
was washed with water and evaporated under reduced pressure, giving the almost pure azo- 
compound (8-5 g.) which separated from methanol as yellow prisms, m. p. 57° (Found: C, 67-5; 
H, 4-8; N, 12-2. C,,;H,,;N,Cl requires C, 67:7; H, 4:8; N, 12:2%). Light absorption in 
EtOH: max. at 266 and 392 my (10-c, 12-4 and 0-205). 

Perbenzoic Acid Oxidation of p-Chloro-w-(phenylazo)toluene.—The azo-compound (2-75 g.) 
was treated at 0° with ice-cold ethereal 2-357M-perbenzoic acid (6-02 c.c.); after 3 hr at 0° the 
mixture was homogeneous; after a further 16 hr. it was diluted with ether (50 c.c.), and the 
ethereal solutions from three such experiments-were united and worked up rapidly below 10° 
as follows. The solution was added to potassium iodide (3 g.) and acetic acid (5 c.c.) in water 
(500 c.c.), and the liberated iodine removed by titration with 0-1N-sodium thiosulphate (per- 
benzoic acid used: 1-02 mols.). The ether layer was washed with sodium hydrogen carbonate 
solution and then thoroughly with water, and the solvent removed under strongly reduced 
pressure. The residual pale brown oil dissolved in methanol (60 c.c.) and after 1 hr. at 0° some 
crude cis-(4-chlorobenzylazoxy)benzene (0-3 g.) was removed. The filtrate was seeded at 
—10° with the corresponding trans-isomer and the temperature lowered to —40° during 2 hr. 
The crystals were collected and recrystallised from methanol giving trans-(4-chlorobenzylazoxy)- 
benzene (VI) (4:2 g.) as needles, m. p. 37° (Found: C, 63:1; H, 4:4; N, 11:3. C,,H,,ON,Cl 
requires C, 63:3; H, 4:5; N, 11-4%). The asymmetric stretching vibration of the azoxy- 
group gave a strong absorption band at 1484 cm.11. 

The mother-liquor from which the above compound originally separated was kept for 16 
hr. at —40° and the crystals were collected; more of the same material was obtained by con- 
centrating the solution to 25 c.c. and cooling it to —50°. The combined crystal crops (1-0 g.) 
were recrystallised from light petroleum (b. p. 40—60°), giving trans-p-chloro-w-(phenylazoxy)- 
toluene (VII) (0-43 g.) as large prisms, m. p. 63° (Found: C, 63-4; H, 4-4; N, 114%). The 
asymmetric stretching vibration of the azoxy-group gave a strong absorption band at 
1495 cm.71. 

Hydrolysis of trans- and cis-(4-Chlorobenzylazoxy)benzene.—A solution of the trans-azoxy- 
compound (726 mg.) in alcohol (15 c.c.) was added to boiling alcohol (75 c.c.) and concentrated 
hydrochloric acid (25 c.c.), and the solution boiled under reflux for 16 hr., concentrated under 
reduced pressure to 50 c.c., and heated under reflux for 2 hr. with more concentrated hydro- 
chloric acid (60 c.c.). The cooled solution was then extracted with ether, the ether layer 
extracted with aqueous sodium hydrogen carbonate, and the extract acidified. The liberated 
acid was isolated with ether and sublimed under reduced pressure, giving p-chlorobenzoic acid 
(200 mg.), m. p. and mixed m. p. 238—239°. The aqueous acidic phase from the first ether 
extraction was evaporated to dryness. The residual hydrochloride (418 mg.) was identified as 
that of phenylhydrazine by interaction with benzoyl chloride and pyridine which gave 
NWN’-dibenzoylphenylhydrazine, m. p. and mixed m. p. 176°. 

Similar hydrolysis of the cis-isomer (500 mg.) required 30 hr. and gave considerable amounts 
of a black tar, together with p-chlorobenzoic acid (70 mg.) which, after sublimation under 
reduced pressure, had m. p. 238—239°, and impure phenylhydrazine hydrochloride (159 mg.). 
The latter was purified by sublimation under reduced pressure and identified as described above. 
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Hydrolysis of trans-p-Chloro-w-(phenylazoxy)toluene.—Similar hydrolysis of this isomer 
(200 mg.) during 7 hr. gave p-chlorobenzoic acid (106 mg.), m p. 238—239°, and phenylhydrazine 
hydrochloride (100 mg.), identified as p-nitrobenzaldehyde phenylhydrazone, m. p. 156—157°. 

N-a : 4-Dichlorobenzylidene-N’-phenylhydrazine (IV).—(a) A solution of trans-(4-chlorobenzyl- 
azoxy) benzene (102 mg.) in dry saturated ethereal hydrogen chloride (2 c.c.) was kept overnight 
and then evaporated, giving the pure product which separated from alcohol as colourless plates 
(92 mg.), m. p. 147— 148° (Found: C, 59-0; H, 3-9; N, 10-2; Cl, 26-7. C,,H,)N,Cl, requires 
C, 58-8; H, 3-8; N, 10-6; Cl, 26-8%). 

(b) Similar treatment of trvans-p-chloro-w-(phenylazoxy)toluene (20 mg.) gave the same 
product, m. p. 147—148° alone or on admixture with the above material. 

N-p-Chlorobenzoyl-N’-phenylhydrazine.—(a) The above dichloro-compound (53 mg.) was 
heated under reflux for 18 hr. with 40% aqueous alcohol (30c.c.). The cooled solution deposited 
the phenylhydrazide, which separated from alcohol as needles (39 mg.), m. p. 191—192° (Found : 
C, 63-1; H, 4:6; N, 11-3. C,,H,,ON,Cl requires C, 63-3; H, 4-5; N, 11-4%). 

(b) Phenylhydrazine (3-2 g.), pyridine (40 c.c.), and p-chlorobenzoyl chloride (5-1 g.) were 
heated together at 100° for 80 min., then kept overnight at room temperature, and poured into 
dilute sulphuric acid, and the solid was collected and recrystallised from alcohol. The phenyl- 
hydrazide (2-9 g.) had m. p. 191—192°, undepressed on admixture with the material prepared 
as above. 

«-(p-Bromophenylazo)-p-chlorotoluene (X).—Bromine (1-87 g.) in glacial acetic acid (15 c.c.) 
was added dropwise during 5 min. to a solution of N-benzoyl-N-4-chlorobenzyl-N’-pheny]l- 
hydrazine (3-93 g.) in acetic acid (18 c.c.). The solution was poured into crushed ice and water 
(200 g.), and the crude solid bromo-compound (4-4 g.) collected and dried. It was heated under 
reflux for 16 hr. with alcoholic hydrogen chloride (80 c.c.; saturated at 15°), the solvent 
removed, and the residue washed with ether. Recrystallisation from water (charcoal) gave 
N-p-bromophenyl-N’-4-chlorobenzylhydrazine hydrochloride as needles (2-3 g.), m. p. 185— 
186° (decomp.). 

To a solution of the hydrochloride (2 g.) in 50% alcohol (400 c.c.) a solution of ferric chloride 
hexahydrate (10 g.) in water (100 c.c.) was added; the mixture was shaken for 10 min. and then 
extracted with light petroleum (3 x 150 c.c.; b. p. 40—60°). The extract was washed with 
water and evaporated under reduced pressure, giving the almost pure azo-compound (1:7 g.) 
which separated from methanol as yellow crystals, m. p. 92—93° (Found: C, 49-9; H, 3-4; 
N, 9-4. C,,H,)N,CIBr requires C, 50-4; H, 3-2; N, 9-0%). Its structure was proved by treat- 
ing it with warm methanolic hydrogen chloride, which gave p-chlorobenzaldehyde p-bromo- 
phenylhydrazone, m. p. and mixed m. p. 161—162°. 

Perbenzoic Acid Oxidation of w-(p-Bromophenylazo)-p-chlorotoluene.—After the azo-compound 
(1-68 g.) had been oxidised with ethereal perbenzoic acid as usual, the crude product was isolated 
as described for the oxidation of (III) above. It was a solid which dissolved completely in warm 
light petroleum, showing the absence of cis-azoxy-compound. It was triturated with cold 
methanol (5 x 2-5 c.c.), and the undissolved solid crystallised from ether (30 c.c.) in the tem- 
perature range 15° to —40°. The solid was collected and recrystallised from hot light petroleum 
(40 c.c.; b. p. 60—80°) and finally from warm alcohol, giving trans-p-bromo-(4-chlorobenzylazoxy)- 
benzene (XV) (670 mg.) as prisms, m. p. 103—104° (Found: C, 47-5; H, 3:8; N, 91. 
C13H,,ON,CIBr requires C, 47-9; H, 3-1; N, 8:-6%). The asymmetric stretching vibration of 
the azoxy-group gave a strong absorption band at 1495 (?1473) cm.*}. 

The ethereal mother-liquor from which the above compound originally separated was 
evaporated under reduced pressure, and the residue (0-53 g.) crystallised from alcohol (3 c.c.), 
giving a first crop which consisted of the above azoxy-compound, and a second crop (104 mg.) 
which had m. p. 75—80° and was shown by ultra-violet spectroscopy to contain about equal 
amounts of (XV) and of material with maximal absorption at ca. 300 mu. A solution of this 
material in warm alcohol (3 c.c.) was seeded with the pure material and cooled, giving almost 
pure w-(p-bromophenylazoxy)-p-chlorotoluene (21 mg.) which separated from alcohol as prisms 
(15 mg.), m. p. 107° alone or on admixture with material prepared as described below. 

Action of Bromine on trans-(4-Chlorobenzylazoxy)benzene.—To a solution of the azoxy- 
compound (502 mg.) in dry carbon tetrachloride (2 c.c.) containing a trace of iodine (15 mg.) 
bromine (0-15 c.c.) was added and the solution was kept at 0° for 24 hr. It was then diluted 
with chloroform and washed successively with aqueous solutions of sodium hydrogen sulphite 
and sodium hydrogen carbonate and then with water. After the solution had been dried and 
evaporated the residue was triturated with cold methanol, and the part which did not dissolve 
was recrystallised from benzene—alcohol, giving N-w-bromo-p-chlorobenzylidene-N’-2 : 4-dibromo- 
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phenylhydrazine (XII) (172 mg.) as needles, m. p. 150—151° (Found: C, 33-5; H, 1-9; N, 6-2. 
C,,;H,N,CIBr, requires C, 33-4; H, 1:7; N, 60%). The same compound was obtained by 
treating p-chlorobenzaldehyde phenylhydrazone in acetic acid with bromine. 

Action of Bromine Trifluoroacetate on trans-(4-Chlorobenzylazoxy)benzene.—To a cooled and 
agitated solution of the azoxy-compound (493 mg.) in nitrobenzene (1-5 c.c.) a mixture of 
silver trifluoroacetate (432 mg.) and bromine (314 mg.) in nitrobenzene (4-5 c.c.) was added 
dropwise. After 2 hr. no active bromine remained; after filtration, the precipitated silver 
bromide was washed with benzene, and the filtrate and washings were united and washed with 
aqueous sodium hydrogen sulphite, and then with water. The dried solution was evaporated 
under strongly reduced pressure, and the last traces of nitrobenzene removed at 35°/10° mm. 
The residue crystallised from light petroleum (b. p. 60—80°), giving trans-(3-bromo-4-chloro- 
benzylazoxy) benzene (XIII) (110 mg.) as needles, m. p. 112° (Found: C, 48-2; H, 3-4; N, 9-0. 
C,3H,)ON,ClBr requires C, 47-9; H, 3-1; N, 86%). The asymmetric stretching vibration of 
its azoxy-group gave a strong absorption band at 1488cm.-1._ Hydrolysis with aqueous-alcoholic 
hydrochloric acid for 24 hr. gave 3-bromo-4-chlorobenzoic acid, m. p. 214—215°, undepressed 
on admixture with authentic material (m. p. 216°), and phenylhydrazine, identified as the 
p-nitrobenzylidene derivative, m. p. 156—157°. 

Similar bromination of azoxybenzene (510 mg.) gave the same monobromo-derivative (370 
mg.), m. p. 72—73°, as that obtained by bromination by Angeli and Valori’s method (loc. cit.). 

Action of Bromine Trifluoroacetate on p-Chloro-w-(phenylazoxy)toluene.—The azoxy-compound 
(200 mg.) in nitrobenzene (1-9 c.c.) was brominated with bromine (143 mg.) and silver 
trifluoroacetate (198 mg.) in nitrobenzene (3 c.c.) in the manner described for the isomer. 
Reaction was complete within 20 min. and the product, isolated as before, crystallised 
from light petroleum (b. p. 40—60°), giving trans-w-(p-bromophenylazoxy)-p-chlorotoluene (XIV) 
(147 mg.) as needles, m. p. 107° (Found: C, 47:7; H, 2-9; N, 8-3. C,,H,,ON,CIBr requires 
C, 47-9; H, 3-1; N, 86%). The asymmetric stretching vibration of the azoxy-group gave a 
strong absorption band at 1495 cm.7}. 

N-p-Bromophenyl-N’-w : 4-dichlorobenzylidenehydrazine.—(a) The above azoxy-compound 
(60 mg.) in dry saturated ethereal hydrogen chloride (20 c.c.) was kept overnight, the 
solution evaporated to dryness under reduced pressure, and the product crystallised from alcohol 
as needles (47 mg.), m. p. 141—142° (Found: C, 45-8; H, 3-0; N, 7-8. C,,H,N,Cl,Br requires 
C, 45-3; H, 2-6; N, 8-1%). 

(b) The azoxy-compound (39 mg.), alcohol (5 c.c.), and concentrated hydrochloric acid (3 c.c.) 
were boiled together under reflux for 17 min. The cooled solution deposited crystals which 
were recrystallised from alcohol (yield, 24 mg.) and then had m.p. 141° alone or when mixed 
with material prepared as in (a) above. 

(c) Treatment of N-p-bromophenyl-N’-p-chlorobenzoylhydrazine with phosphorus penta- 
chloride by von Pechmann and Seeberger’s method (Ber., 1894, 27, 2122) gave a low yield of 
material, m. p. 141—142° alone or when mixed with material prepared as in (a) above. 

N-p-Bromophenyl-N’-p-chlorobenzoylhydrazine.—(a) Prepared from p-chlorobenzoyl chloride 
and p-bromophenylhydrazine in pyridine in the usual way, the p-bromophenylhydrazide separated 
from alcohol as needles, m. p. 185—186° (decomp.) (Found: C, 47-7; H, 2-9; N, 8-8. 
C,3H,,ON,CIBr requires C, 47-9; H, 3:1; N, 8-6%). 

(b) N-p-Bromophenyl-N’-w : 4-dichlorobenzylidenehydrazine (25 mg.) and 40% aqueous 
alcohol were boiled together under reflux for 18 hr. The product (18 mg.) obtained by cooling 
the solution and recrystallising the solid from alcohol had m. p. 185—186° (decomp.) alone or 
when mixed with material from (a) above. 

Isomerisation of trans-(4-Chlorobenzylazoxy)benzene.—(a) Pure trvans-azoxy-compound (106 
mg.) which had been kept in the dark in an evacuated tube for 11 days had become brown and 
sticky. Extraction with warm light petroleum left a residue (46 mg.) which crystallised from 
benzene—alcohol, giving cis-(4-chlorobenzylazoxy)benzene, m. p. and mixed m. p. 179—180° 
(decomp.). 

(b) The tvans-azoxy-compound (40 mg.) in dry methanol (2 c.c.) at room temperature started 
to precipitate the cis-isomer after 2 hr., and precipitation was complete in 24 hr. The product 
(25 mg.) had m. p. 178—179° (decomp.). 

(c) In a similar experiment in which methanolic 0-01N-sodium methoxide was used in place 
of pure methanol, separation of the cis-isomer began within 30 min. and was markedly faster 
than in (b). 

(d) The trans-isomer (40 mg.) and methanolic 0-01N-toluene-p-sulphonic acid were kept 
together for 27 days at room temperature, then the solution was diluted with ether and the 


[1954] Macrozamin. Part IV. 4079 


toluene-p-sulphonic acid removed. Evaporation under reduced pressure and crystallisation 
of the residue from methanol at —30° gave unchanged ¢vans-isomer, m. p. and mixed m. p. 36°. 

cis-(3-Bromo-4-chlorobenzylazoxy)benzene.—(a) The corresponding ¢tvans-isomer (33 mg.), 
treated with methanolic 0-01N-sodium methoxide in the usual way, gave the cis-compound 
(15 mg.) which separated from benzene—alcohol as needles, m. p. 176° (decomp.) (Found : 
C, 48:0; H, 2-9; N, 8-9. C,,H,,ON,CIBr requires C, 47-9; H, 3-1; N, 86%). The asymmetric 
stretching vibration of the azoxy-group gave a strong band at 1470 cm.71. 

(b) Material identical with that just described was obtained by oxidising 3-bromo-4-chloro- 
benzaldehyde phenylhydvrazone [prisms, m. p. 142—143° (Found: C, 50-4; H, 3:3; N, 8-9. 
C,,H,)N,ClBr requires C, 50-4; H, 3-3; N, 9-0%)] with ethereal perbenzoic acid in the usual 
way. In the mother-liquors from which the cis-azoxy-compound had separated a careful 
chromatographic search was made for the corresponding ¢trans-isomer, but none was 
detected. 

cis-p-Bromo-(4-chlorobenzylazoxy)benzene.—(a) The corresponding trans-isomer (45 mg.) was 
dissolved in hot ethanol (2 c.c.), and enough methanolic sodium methoxide added to give a base 
concentration of 0-:001N. Precipitation of the cis-isomer commenced at 80° in a few minutes, 
the mixture was kept at 20° for 3 hr., and the solid (25 mg.) then collected and recrystallised 
from benzene; it had m. p. 186—187° alone or when mixed with material prepared as described 
below. 

(b) p-Chlorobenzaldehyde p-bromophenylhydrazone, plates (from alcohol), m. p. 162—163° 
(Found: C, 50-4; H, 3-5; N, 9-1. C,,H,)N,ClBr requires C, 50-4; H, 3-3; N, 9:0%), was 
oxidised with ethereal perbenzoic acid in the usual way, giving the cis-azoxy-compound (43%), 
which separated from benzene—alcohol as needles, m. p. 186—187° (decomp.) (Found: C, 48-2; 
H, 3:2; N, 8-6%). 

4 : 4’-Dichloro-cis-w-azoxytoluene.—(a) Prepared in the usual way, p-chlorobenzaldehyde 
p-chlorobenzylhvdrazone had m. p. 105° (decomp.) (Found: C, 59-8; H, 4:7; N, 10-1. C,H ,.N,Cl, 
requires C, 60-2; H, 4:3; N, 10:0%). A sample (664 mg.), oxidised with ethereal perbenzoic 
acid in the usual way, gave a small amount (96 mg.) of ether-insoluble material, recrystallisation 
of which from benzene-—alcohol gave the cis-azoxy-compound as needles, m. p. 210—211° (de- 
comp.). (Found: C, 57:2; H, 3-9; N, 9-3. C,,H,,ON,Cl, requires C, 57-0; H, 4-1; N, 9-5%). 
Light absorption in EtOH : max. at 224-5 mu (10-%c, 24-7). The infra-red absorption spectrum 
showed a strong band (asymmetric stretching vibration of the azoxy-group) at 1495 cm.}, 
whereas that of the tvans-isomer showed strong bands at 1495 and 1522 cm.}. 

(b) 4: 4’-Dichloro-trvans-w-azoxytoluene, which has m. p. 107° and not 103° (cf. Part ITT, loc. 
cit.), when dissolved in methanolic sodium ethoxide, deposited the cis-isomer (40%) which after 
recrystallisation from benzene-alcohol had m. p. 211° (decomp.) undepressed on admixture 
with material prepared as in (a). 
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Mycobactin. A Growth Factor for Mycobacterium johnei. 
Part III.* Degradation and Tentative Structure. 


By G. A. SNow. 
[Reprint Order No. 5512.] 


Mycobactin has been cleaved under alkaline conditions into two com- 
ponents which have been named cobactin and mycobactic acid. Hydrolysis 
of cobactin has yielded (—)-3-hydroxy-2-methylpentanoic acid. Evidence 
suggests that cobactin is a cyclic hydroxamic acid (I; R= R’=H). Two 
alternative structures (IV and V; R = R’ = H) are tentatively proposed as 
explaining satisfactorily the properties of mycobactin and its derivatives. 


MyYcoBACTIN, a growth factor for Mycobacterium johnei isolated from Myco phlet, 
probably has the empirical formula C,,H,;0,)N, (Part I); previous degradations (Part II) 
demonstrated the presence of octadec-2-enoic acid, 2-hydroxy-6-methylbenzoic acid, 
2-amino-6-hydroxyaminohexanoic acid, and serine as hydrolytic fragments. It has now 
been shown that mild alkaline treatment of mycobactin yields a crystalline water-soluble 
compound having a neutral reaction, and an ether-soluble acidic product; these have been 
named cobactin and mycobactic acid respectively. Evidence is presented supporting the 
formula (I; R = R’ = H) as the structure of cobactin. No rigid proof of the structure of 
mycobactic acid has been achieved, but its properties appear to agree with the alternative 
formule (Il and III; R= R’ =H). Consideration of the point of linkage between cobactin 
and mycobactic acid then leads to (IV and V; R = R’ = H) as tentative structures for 


mycobactin. 
SHsCHs Cis 
Soe 


Et-CH(OR)-CHMe-CO-NH-CH 
CO——N-OR’ (J) 


H 
ou Doth 


Me N-CH-CO-NH-CH-(CH,]}4*N(OR)-CO-CH:CH-[CH,] ,4"Me 
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(IV) = (Il) 1 where R” = -CHEt-CHMe-CO-NH-CH SH 
(V) = (III) J ’ - stadt ~ Tl, 
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The nature of the fractions resulting from alkaline cleavage was established by acid 
hydrolysis under the conditions previously used with mycobactin (Part II). Hydrolysis 
of the mycobactic acid fragment yielded octadec-2-enoic acid, m-cresol (derived from 
2-hydroxy-6-methylbenzoic acid), and amino-acids identified by paper chromatography as 
serine and 2-amino-6-hydroxyaminohexanoic acid; the cobactin fragment gave as the only 
products 2-amino-6-hydroxyaminohexanoic acid and an acid identified as (—)-3-hydroxy-2- 
methylpentanoic acid. The hydrolysates of the mycobactic acid and cobactin fragments 
each accounted for half the total reducing value obtained on hydrolysis of mycobactin. It 
was thus clear that one of the two 2-amino-6-hydroxyaminohexanoic acid residues was 
present in each of the two fragments resulting from alkaline cleavage, and that the action 
of alkali was to split the mycobactin molecule into two clearly defined portions. 

Cobactin was obtained relatively pure from the alkali treatment and, after recrystallis- 
ation, was shown to have the molecular formula C,,H,.0,N,. On acid hydrolysis it gave 
the non-volatile oily acid which had been observed in the hydrolysis of mycobactin but not 
F gE aaa Macturk, Madinaveitia, and Snow, Biochem. J., 1953, 55, 596; Part II, Snow, 
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characterised. The acid was optically active, and analysis of its crystalline p-bromo- 
phenacyl ester showed its formula to be C,H,,0,. This and the demonstration of the 
presence of one hydroxyl group by quantitative acetylation showed it to be a hydroxy- 
hexanoic acid. Removal of the hydroxyl group by conversion into the iodo-compound 
and subsequent reduction gave a volatile acid from which a levorotatory anilide was 
prepared. This anilide was compared by infra-red spectroscopy with the anilides of the 
three isomeric synthetic hexanoic acids containing asymmetric centres, and shown to be 
identical with 2-methylpentanoanilide. It seemed probable that in the acid obtained from 
cobactin the hydroxyl group was in the $-position, since the acid lacked properties of an 
«-hydroxy-acid and did not lactonise or polymerise. Oxidation with chromic acid liberated 
carbon dioxide and gave diethyl ketone, identified as its dinitrophenylhydrazone. This 
proved the acid to be (—)-3-hydroxy-2-methylpentanoic acid. The configuration of the 
asymmetric $-carbon atom was not determined; that of the «-atom may be fixed by 
reference to the optically active anilide of the deoxy-acid. A synthetic specimen of 
3-hydroxy-2-methylpentanoic acid prepared by the Reformatski reaction gave a p-bromo- 
phenacyl ester differing in melting point and infra-red spectrum from that of the acid 
derived from cobactin; it was apparently the racemic form of the other epimer. 

From consideration of the formula of cobactin it was evident that the hydroxy-acid and 
the amino-acid residue were combined with elimination of the elements of two water 
molecules. The only ionising group detectable in cobactin by electrometric titration was 
a weakly acidic group having pK 9-1. The compound gave an intense reddish-purple 
colour with ferric chloride, and had no reducing properties. These observations suggested 
that the hydroxyamino-group of 2-amino-6-hydroxyaminohexanoic acid was combined in 
cobactin to give a secondary hydroxamic acid. Moreover monomethyl and monoacetyl 
derivatives were prepared which lacked both the ferric chloride reaction and the weakly 
acidic group. The position of the methyl group in the methyl derivative was confirmed 
by acid hydrolysis. The methyl derivative yielded a non-reducing amino-acid which 
appeared to be L-2-amino-6-methoxyaminohexanoic acid.* The presence of a second 
hydroxyl group in cobactin was shown by the preparation of an acetyl derivative from 
O-methylcobactin. In formulating cobactin the residues must be linked in such a way as to 
mask both the carboxyl groups and the amino-group, to leave a free hydroxyl group, and 
to show the hydroxyamino-group combined as a secondary hydroxamic acid. It appeared 
that these conditions could be met by formula (I; R = R’ = H) (or the corresponding 
tautomeric form of the hydroxamic acid). 

O-Methyl- and O-acetyl-cobactin were represented by (I; R =H, R’ = Me or Ac 
respectively), and O-acetyl-O-methylcobactin by (I; R = Ac, R’ = Me). It was possible, 
by gentle acid hydrolysis, to open the cobactin ring without disrupting the amide linkage. 
The product, C,,H,,0;N,, was named cobactinin. It had reducing properties, gave no 
reaction with ninhydrin or ferric chloride, and was weakly acid in reaction. Electrometric 
titration showed the presence of an acidic group pK 3-3 (carboxyl) and a very weak basic 
group pK 6-15 which was evidently the hydroxyamino-group. These properties agree with 
its formulation as (VI). 

Et-CH(OH)-CHMe:CO-NH-CH(CO,H)-[CH,],-NH-OH (VI) 


The structure of mycobactic acid has been more difficult to approach because of the 
intractable nature of the acid itself and of its partial degradation products. Mycobactic 
acid was a gum which was not obtained pure. It was unstable to acids and to alkalis and 
was apparently always decomposed to some extent in the process of isolation. When 
mycobactin was treated with an excess of cold alkali the liberation of acid could be shown 
by back-titration. Within the errors of the experiment the amount of acid liberated was 
estimated as 1 equivalent per molecule of mycobactin (molecular weight 870), but the 
titrations did not allow a high degree of accuracy. 

Mycobactic acid samples, when titrated directly with alkali, gave equivalent weights 
varying from 700 to 900, often increasing on attempted purification. Back-titration after 
the addition of at least 3 mols. excess of alkali, however, gave an equivalent of about 650, 

* The L-prefix is used in the sense defined by Linstead e¢ al. (J., 1950, 3333). 
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suggesting that the acid had undergone some reaction akin to partial lactonisation during 
its isolation. It has proved difficult to establish the formula of mycobactic acid in view of 
the uncertainty of its equivalent weight, and of the lack of crystalline derivatives. 
Acetylation, benzoylation, and esterification with various alcohols yielded intractable 
gums ; metallic salts were mostly soap-like; the picrate and perchlorate were also gummy. 
The hydrochloride and the copper complexes were, however, dry amorphous powders, 
suitable for analysis. On the assumption that the cleavage of mycobactin into mycobactic 
acid and cobactin is a hydrolysis involving the addition of the elements of one molecule of 
water, the formula of mycobactic acid would be C;,H;;0,N3. Analysis of the hydrochloride 
and a copper derivative agree with this formula if they are hydrates. This point is dis- 
cussed below. It must be emphasised that all experiments on mycobactic acid have been 
carried out on products which were not more than 90% pure. Some degradations were 
carried out on methylated mycobactic acid which was also an acidic gum not readily 
purified. 


4 


Da 


of - 
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Fic. 1. Absorption spectra of iron complexes in 
chloroform. A, Mycobactin. B, Mycobactic 
acid. C, Ethyl octadec-2-enohydroxamic acid. 
D, Acetylated mycobactic acid. E, Diacetyl 
mycobactin. 

O—O, Points representing summation of e for 
curve E with twice e for curve C. Spectra 
measured in 1-cm. cells. Concns., 30—60 pM. 


Wave-/ength (mu) 


Besides the acidic group, mycobactic acid was found to contain a basic group similar to 
that present in mycobactin (Part I). The presence of this group was shown by the formation 
of the hydrochloride and by titration in glacial acetic acid. The variable purity of myco- 
bactic acid preparations was also reflected in these titrations which gave equivalent 
weights from 670 to 800. Quantitative acetylation of mycobactic acid preparations 
indicated the uptake of somewhat less than one equivalent of acetyl per molecule, under 
the conditions in which mycobactin takes up two equivalents; the basic group remained 
unaffected by acetylation. Both crude mycobactic acid and its acetylated product 
resembled mycobactin in coupling with diazotised sulphanilic acid in alkaline solution to 
give yellow solutions, and both gave colours with ferric chloride in ethanol. The colour 
of the iron complex of the acetylated product, however, was violet, in contrast to the red- 
purple of that of mycobactic acid. For a more precise comparison of the colorations, the 
iron complexes were extracted into chloroform under acid conditions. A parallel experi- 
ment was carried out with the iron complex of ethyl octadec-2-enohydroxamic acid. The 
spectra (Fig. 1) showed the iron complex of mycobactic acid to have an absorption peak at 
450 mu compared with the peak given by the model hydroxamic acid at 440 my. The 
acetylated product gave a much lower absorption curve, with a maximum at 500 muy. 
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The conditions of the experiment were such as to depress the colour given by phenols but 
to allow for maximum development of colour by hydroxamic acids. These findings 
suggested that mycobactic acid contained a group capable of acetylation which had the 
properties of a hydroxamic acid, and that there was also present a free phenolic group. 
The presence of a hydroxamic acid group has already been demonstrated in the cobactin 
moiety, where it arises from the hydroxyamino-group of the 2-amino-6-hydroxyamino- 
hexanoic acid. Since this amino-acid residue was also present in mycobactic acid, it 
seemed likely that it also existed in combination as a hydroxamic acid. In fact the hydroxy- 
amino-group could not be free since mycobactic acid had no reducing properties. The 
product of methylation of mycobactic acid gave no colour with ferric chloride, nor any 
phenolic reactions, and so was methylated on both the hydroxamic acid group and the 
phenolic group. Hydrolysis of the methylated product yielded an amino-acid, identical 
with that given by hydrolysis of O-methylcobactin, which was shown above to be probably 
2-amino-6-methoxyaminohexanoic acid. The same compound was also detected on 
hydrolysis of the mycobactic acid moiety derived from incompletely methylated mycobactin, 
together with some 2-amino-6-hydroxyaminohexanoic acid. It is thus probable that in 
mycobactic acid, as in cobactin, the hydroxyamino-group is combined with a carboxyl to 
give a secondary hydroxamic acid. 

In attempts to isolate an intermediate hydrolysis product no compound other than 
the ultimate breakdown products could be separated. However, some information about 
the structure could be gathered from the rate of liberation of the groupings characteristic 
of the end products. Table 1 shows that progressive acid hydrolysis yielded first water- 


TABLE 1. Progressive hydrolysis of mycobactic acid with boiling 5N-hydrochloric acid. 


H,0O-sol. 
fraction NH,* m-Cresol 
Hydro- excluding Atomsof (moles ‘ Reduc- (moles) 
lysis Cl- (% of Cl- per per ing per Paper chromatography * 
(min.) original wt.) mole mole) value ”’ mole) S L AHH 
20 34 —- 3-1 0-03 — Tr 
40 45 5 —_ { 0-12 Tr pe 
80 5 2-0 _- 5: 0-38 + us 
180 f 2-0 0-16 > 0-74 ote te 
5 


— 
w 


360 0-20 0-74 ++ 


720 


tobo bobo 


0-32 5: 0-76 he af 
Ry values of spots (butanol-—acetic acid) 0-17 0-10 0-20 0-94 
Colour of spots Brownish <—_&——Purple——> 
* S = serine; L = lysine; AHH = 2-amino-6-hydroxyaminohexanoic acid; X = partial hydro- 
lysis product; Tr = trace. 


? 
Ss 


soluble material which gave a reducing reaction under the conditions of Hanes’s ferricyanide 
oxidation method. At the same time octadec-2-enoic acid was liberated and it could be 
isolated after 40 minutes’ hydrolysis. Paper chromatography of the water-soluble 
components showed that 2-amino-6-hydroxyaminohexanoic acid appeared at an early stage 
of the hydrolysis, whilst serine appeared somewhat more slowly. There was also evidence 
of an intermediate hydrolysis product, revealed as a fast-running spot (X) on the chrom- 
atogram; this material disappeared as the hydrolysis proceeded. The benzenoid fragment 
of the molecule appeared entirely as m-cresol; 2-hydroxy-6-methylbenzoic acid would be 
immediately decarboxylated under these conditions. The yield of m-cresol rose to a 
maximum after 3 hours’ hydrolysis, and its liberation ran approximately parallel with that 
of serine. This maximum value fell short of 1 mole per mole of mycobactin, probably 
owing to side reactions which are known to produce a small amount of unidentified material 
during the hydrolysis (e.g., fraction B discussed in Part II). Production of ammonia was 
minute during the first few hours’ hydrolysis : its formation later probably indicated some 
secondary breakdown; some would be formed from serine (Boyd and Logan, J. Brol. 
Chem., 1942, 146, 279). 

Progressive hydrolysis of methylated mycobactic acid showed clearer differences. 
Table 2 shows that the methylated product yielded water-soluble products as rapidly as 
mycobactic acid itself; this first stage of hydrolysis was accompanied by liberation of 
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TABLE 2. Progressive hydrolysis of methylated mycobactic acid with boiling 
5N-hydrochloric acid. 


H,O-sol. fraction 
Hydrolysis excluding Cl- (% Paper chromatography * 
(min.) of original wt.) ) L AMH : 
20 45 
40 58 
90 58 
180 56 
960 48 
Ry values of spots (butanol—pro- 
panol—diethylamine) 0-09 
Colour of spots Brownish Purple Bright blue Brownish Bright blue 
* S, L, Trasin Table 1; AMH = 2-amino-6-methoxyaminohexanoic acid; Y and Z partial hydro- 
lysis products. 


octadec-2-enoic acid. Paper chromatography demonstrated the production of two partial 
hydrolysis products Y and Z giving ninhydrin reactions; their concentration rose to a 
maximum in 40—90 minutes and then declined. 2-Amino-6-methoxyaminohexanoic acid 


Fic. 2. Absorption spectra. A, Mycobactic acid, 
0-85 mm in methanol, B, Mycobactic acid 
hydrochloride, 0-72 mm in chloroform. C, 
Mycobactic acid copper complex, 0-52 mM in 
chloroform. D, Methylated mycobactic acid, 
0-72 mM in methanol. E, 2-Methoxy-6-methyl- 
benzoic acid, 3-3 mM in methanol. Spectra 
measured in l-mm. cells. 
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appeared at a rate similar to that for 2-amino-6-hydroxyaminohexanoic acid from myco- 
bactic acid. Serine, however, was released very slowly. It had been shown that 
2-methoxy-6-methylbenzoic acid was decarboxylated under the conditions of acid treat- 
ment used. The benzenoid hydrolysis product to be sought was therefore m-methoxy- 
toluene. Solutions from prolonged hydrolysis were shown to contain a steam-volatile 
compound which resembled m-methoxytoluene in odour and in absorption spectrum which 
had characteristic twin peaks at 274 and 279 mu. Nom-cresol could be detected. The rate 
of liberation of this ether during hydrolysis appeared to be slow. 

These observations, taken together, suggested that in the mycobactic acid molecule 
the serine and 2-hydroxy-6-methylbenzoic acid residues were joined together, since in this 
way the preferential release of the other components could readily be explained. 

The spectrum of mycobactic acid (Fig. 2) was almost identical with that of mycobactin 
(Fig. 3), except that the molecular extinction at 250 my. was slightly lower, possibly owing 
to impurity. The spectra of the hydrochloride and the copper complex (Fig. 2) showed 
shifts of the peaks similar to those observed on conversion of mycobactin into the corre- 
sponding derivatives (Part I). The hydrochlorides of mycobactin and mycobactic acid 
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had peaks of almost identical intensity. The grouping in mycobactin responsible for the 
absorption spectrum thus remained unaltered in mycobactic acid. From the nature of the 
degradation products of mycobactic acid it appears that any absorption maxima above 
230 mu were probably associated with the benzenoid residue. All the other components 
were aliphatic and their maxima would be at shorter wave-lengths. The spectrum could 
not, however, be explained on the basis of simple derivatives of 2-hydroxy-6-methylbenzoic 
acid. Esters and amides of this acid possess maxima below 300 my. The existence of a 
peak at 310 my suggested conjugation with the benzene ring. Evidence described above 
had pointed to the direct attachment of the 2-hydroxy-6-methylbenzoic acid and serine 
residues. Since the phenolic group appeared to be free in mycobactin the point of attach- 
ment of the aromatic residue to the rest of the molecule was presumably through the 


Fic. 3. Absorption spectra. A, Mycobactin 
0-58mmM. B, 2-0o-Hydroxyphenyloxazoline 
0-77 mM. C, 2-(2-Hydroxy-6-methyl- 
phenyl)oxazoline 0-74 mm. D, N-Ethyl- 
octadec-2-enohydroxamic acid 1-5mmM. E, 
Summation of curves C and D. Spectra 
measured in methanol in l-mm. cells. 
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carboxyl group. In Part II pyrolysis or vigorous alkaline hydrolysis of mycobactin was 
reported to yield 2-hydroxy-6-methylbenzamide. Hence there could well be a nitrogen 
atom attached to this carboxyl group in the parent compound. A possible explanation 
of the spectra of mycobactin and mycobactic acid was thought to be the presence of an 
oxazoline ring, giving the partial structure (VII), the C=N bond being conjugated with 
the benzene ring. Moreover the cyclic nitrogen atom would account for the basic properties 
of mycobactic acid and mycobactin, and the shift of the absorption maxima which occurs 
when these compounds are converted into their hydrochlorides. The oxazoline ring would 
be expected to open readily, giving a serine derivative linked to the carboxyl group of 
2-hydroxy-6-methylbenzoic acid as either an ester oran amide. In order to test the validity 
of this, 2-(2-hydroxy-6-methylpheny]l)oxazoline (VII; R = H) was prepared; its spectrum 
is shown in Fig. 3. In mycobactic acid or mycobactin the other groups likely to contribute 
to ultra-violet absorption were the «$-double bond in octadec-2-enoic acid and the 
hydroxamic acid group. Accordingly the spectrum of ethyl octadec-2-enohydroxamic 
acid was measured. Adding the absorptions of this compound to those of the synthetic 
oxazoline gave a curve extremely close to that of mycobactin (Fig. 3). The resemblance 
was not only in the height and position of the two main peaks, but in such detail as the 
shoulder at 258 my and the small inflection at 269 mu. (The significance of these inflections 
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was shown more clearly in the spectrum of 2-0-hydroxyphenyloxazoline where they 
appeared as distinct peaks.) In fact the two curves were superimposable apart from a 
shift of 2—3 my towards the shorter wave-lengths in the summation curve. The presence 
of the oxazoline structure in mycobactin was thus highly probable. The instability of this 
ring to acids and alkalis explains the difficulty of obtaining mycobactic acid in a pure state. 


(7 OMe CHyOH 
\ 7 -CO'NH-CH-COR 
Me (VIII) 

The change of spectrum occurring during methylation of mycobactic acid is probably 
due to opening of the oxazoline ring by the alkali used in the methylation, giving an amide 
linkage between the serine residue and the 2-methoxy-6-methylbenzoic acid residue (VIII) 
which would be relatively stable to hydrolysis. The spectrum would therefore be expected 
to lack the characteristic oxazoline absorption and rather to resemble that of 2-methoxy-6- 
methylbenzoic acid. In fact the spectrum was one showing progressively increasing absorp- 
tion towards the shorter wave-lengths with a shoulder at 270—280 my (Fig. 2). A very 
similar curve could be produced by summing the absorption curves of 2-methoxy-6- 
methylbenzoic acid which had a weak absorption maximum at 279 my and octadec-2-enoic 
acid which produced end-absorption similar to that expected from the groupings present 
in the methylated product. 

It was possible at this stage to speculate on the total structure of mycobactic acid. Three 
residues, namely, 4-carboxy-2-(2-hydroxy-6-methylphenyl)oxazoline, 2-amino-6-hydroxy- 
aminohexanoic acid, and octadec-2-encic acid, must be combined together to satisfy the 
following conditions: one of the three carboxyl groups to be free, the others combined ; 
the amino-group to be combined; the phenolic group to remain free; the hydroxyamino- 
group to be combined with a carboxyl group to produce a hydroxamic acid. If octadec- 
2-enoic acid occurred as an unsaturated residue in the original compound, it must be 
attached by its carboxyl group. The point of attachment of the oxazoline residue would 
presumably also be through the carboxyl group. It therefore appeared that the free 
carboxyl group of mycobactic acid was that present in the 2-amino-6-hydroxyamino- 
hexanoic acid residue. The simplest formule which would meet the required conditions 
were (II or III; R-=R”’ =H). These structures have the empirical formula 
C3;H;,0,N, postulated above from consideration of the formule of mycobactin and 
cobactin. Analysis of the hydrochloride agrees with C,;;H;,0,N3,HCI,H,O. The question 
of the composition of the copper complex is complicated by the variations of copper content 
which result from different methods of preparation. However, the product obtained by 
addition of mycobactic acid solution to an excess of ethanolic copper acetate appears to 
be an entity, C,;H,,O,N,Cu,,2H,O. It would be unwise to rely too greatly on the 
analytical figures for these amorphous compounds because of the difficulty of establishing 
their purity, and, unfortunately, the free acid, owing to its physical form, yields analytical 
results too variable to be of value; but since both the derivatives are shown as hydrates 
the question arises whether the formula of mycobactic acid could be C,;H;,O,N3. Such 
an incorporation of the elements of water seems improbable in the hydroxyamino-fragment, 
or in the oxazoline fragment since the spectra of the hydrochloride and copper complex 
indicate that the oxazoline ring is still intact. It is conceivable that the fatty acid could 
be present as a $-hydroxy-acid with conversion into the «$-unsaturated acid during 
hydrolysis. However, there was no evidence of such a hydroxy-group in mycobactic acid, 
and octadec-2-enoic acid was shown to be liberated under gentle conditions of acid 
hydrolysis which would be unlikely to remove a $-hydroxy-group. 

Therefore formule (II and III; R= R” =H) have been tentatively accepted as 
alternatives for mycobactic acid. An attempt to decide between them by comparison of 
the infra-red spectrum of mycobactic acid with spectra of compounds containing similar 
groupings has not so far been successful. Formula (II; R = R’’ = H) might be slightly 
favoured as affording an explanation of the simultaneous rapid liberation of octadec-2-enoic 
acid and the hydroxyamino-group which marked the earliest stages of acid hydrolysis. 
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The cleavage of mycobactin into cobactin and mycobactic acid appears to involve the 
rupture of a bond between the carboxyl group of mycobactic acid and one of the two 
hydroxyl groups of cobactin. The point of attachment of cobactin was first indicated by 
the behaviour of mycobactin and cobactin on gentle acetylation. Mycobactin formed a 
diacetyl derivative (Part I). Only one acetyl group entered the mycobactic acid portion 
of the molecule, since the phenolic hydroxyl remained free in the diacetyl compound (as 
shown by the violet ferric chloride reaction and ability to couple with diazonium salts) ; 
moreover mycobactic acid itself gave only a monoacety] derivative. The other acetyl group 
must therefore be situated in the cobactin portion of the molecule. However when 
cobactin was acetylated under identical conditions it yielded only a monoacetyl derivative 
with the acetyl attached to the hydroxamic acid group (1; R=H, R’ = Ac): the 
alcoholic hydroxy] group resisted acetylation under these conditions. Thus if in acetylation 
of mycobactin an acetyl group entered the cobactin residue it probably became attached to 
the hydroxamic acid group of that moiety, and attachment of cobactin to mycobactic acid 
must be through the alcoholic hydroxyl group. Methylation of mycobactin gave a more 
direct proof. Because of the lability of mycobactin to alkali, methylation was best effected 
by use of methyl iodide with two equivalents of thallous hydroxide. This procedure gave a 
mixed methylated product in which the essential structure of mycobactin was apparently 
unaltered. A similar product but with a lower degree of methylation was obtained by the 
use of diazomethane. Methylation occurred both in the mycobactic acid and in the 
cobactin part of the molecule, but to different extents. Fortunately the free hydroxyl 
group in the cobactin residue was almost completely methylated and after alkali cleavage 
of the methylated product O-methylcobactin was readily isolated. This was identical with 
the compound produced by methylation of cobactin, the methyl group being attached 
to the hydroxamic acid group, as in (I; R = H, R’ = Me). 

Combination of the structures suggested for mycobactic acid and cobactin gave (IV or 
V; R= R’ = H) as tentative formule for mycobactin. These accounted for all the 
degradation products isolated, except the small amount of lysine always detected among the 
hydrolysis products of mycobactin or mycobactic acid; no lysine was found on hydrolysis 
of cobactin. Lysine might arise by some side-reaction causing reduction of a part of the 
2-amino-6-hydroxyaminohexanoic acid liberated. Alternatively its appearance might 
indicate the presence in our preparations of mycobactin of a small proportion of an analogue 
in which the 2-amino-6-hydroxyaminohexanoic acid residue of the mycobactic acid moiety 
was replaced by a lysine residue : up to 10%, it would not significantly affect the analytical 
figures. It was found that aluminium mycobactin which had been repeatedly crystallised 
without change of physical properties still gave some lysine on acid hydrolysis. Even this 
did not, however, entirely exclude the presence of a proportion of a closely related compound 
in view of the possibility of mixed crystal formation. The weakly acidic properties of myco- 
bactin were explained by the presence of two secondary hydroxamic acid groups and the 
phenolic hydroxyl group. Of these the hydroxamic group in the cobactin moiety appeared 
to be the most acidic; the hydroxamic acid group in mycobactic acid was hardly detectable 
on electrometric titration in methanol, whilst a weakly acidic group was clearly shown on 
titration of mycobactin and cobactin. The difference between the two hydroxamic acid 
groups was also shown by their behaviour on methylation, the cobactin group being more 
easily methylated. Both hydroxamic acid groups were acetylated under mild conditions, 
giving OO-diacetylmycobactin (IV or V; R = R’ = Ac) in which the acetyl groups were 
extremely labile to alkali. This derivative still had phenolic properties, the phenolic group 
being difficult to substitute. The single basic group of mycobactin, which was demon- 
strated by titration and by the formation of a picrate and a hydrochloride, was represented 
in the formule by the nitrogen atom of the oxazoline ring. The proposed structures showed 
considerable possibilities of chelation, agreeing with the observed formation of metal 
complexes by mycobactin. The copper complex, containing one metal atom per molecule 
of mycobactin, probably involved two of the weakly acidic groups and possibly the nitrogen 
atom of the oxazoline ring. The aluminium complex which also had only one metal atom per 
molecule was evidently of unusual structure. It differed from mycobactin and its other 
derivatives in being easily crystallisable, in its high optical rotation, and in its solubility 
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in relatively non-polar solvents such as benzene. Possibly with aluminium a tridentate 
compound is formed in which the molecule is held in a compact folded configuration which 
facilitates crystallisation. The combination of the metal with all three acidic groups would 
explain the reduction in polar properties. The aluminium was tenaciously held and could 
not be displaced by acids. It was, however, displaced by copper in solution, presumably 
because of the low solubility of the copper complex in ethanol. Aluminium may be specific 
in its combination with mycobactin; similar compounds were apparently not formed with 
ironorchromium. The absorption spectrum of the compound produced with ferric chloride 
could be accounted for as the sum of the absorptions of the iron complexes of the weakly 
acidic groups. Fig. 1 shows the correspondence of the spectrum of the ferric complex 
of mycobactin with the summation curve of the spectra of the complexes given by one mol. 
of OO-diacetylmycobactin and two mols. of a hydroxamic acid. 

The loss of biological activity of mycobactin in the presence of alkali under the mildest 
conditions was explained by the cleavage into cobactin and mycobactic acid, neither of 
which separately or together had growth-promoting action. 


EXPERIMENTAL 


M. p.s are corrected. Electrometric titrations, reducing value measurements, paper chrom- 
atography, and quantitative acetylation were carried out as in Parts I and II. 

Action of Alkali on Mycobactin.—A 2% solution of mycobactin in ethanol was treated with 
4—6 equivs. of ethanolic potassium hydroxide and set aside for 6 hours at 20°. The solution was 
then diluted with three volumes of 90% ethanol, and the excess of alkali titrated with 0-05N- 
hydrochloric acid in 90% ethanol, a glass—calomel electrode assembly being used. Control 
titrations were carried out similarly. The acid liberated was 1-03 + 0-05equivs. Similar values 
were obtained when the alkaline mycobactin solution was heated for 15 min. at 100° in a sealed 
tube before titration. 

Alkaline Fission of Mycobactin.—Mycobactin (5 g.) was dissolved in methanol (100 c.c.) and 
the solution quickly cooled in an ice-bath. Cold n-sodium hydroxide solution (100 c.c.) was 
added and the mixture kept in the ice-bath for 45 min. N-Sulphuric acid (100 c.c.) was then 
run in with stirring; a sticky precipitate separated. Water (100 c.c.) was added, and the 
suspension extracted with ether (3 x 250 c.c.) which dissolved the precipitate. The ether 
extract was washed with water (2 x 5c.c.) and evaporated. The residue (3-77 g.; fraction A, 
crude mycobactie acid) was a transparent yellow resin. The aqueous layer was evaporated to 
dryness under reduced pressure and the residue extracted with ethanol (3 x 70 c.c.) by grinding 
in a mortar and filtering. The filtrate was evaporated, the residue taken up in ethanol (30 c.c.), 
and the solution again filtered to remove a little inorganic material. The filtrate was evaporated, 
leaving an almost white residue (1-40 g.; fraction B, crude cobactin). 

Examination of Fractions A and B from the Alkaline Fission.—Acid hydrolysis. A portion of 
each fraction (0-2 g.) was refluxed for 8 hr. with 5N-hydrochloric acid (40 c.c.). Fraction A 
gave a fraction insoluble in water, but extractable by ether, which contained m-cresol and 
octadec-2-enoic acid. The aqueous layer was evaporated under reduced pressure and the 
residue dissolved in water and submitted to paper chromatography with butanol-acetic acid as 
a developer. The chromatogram indicated the presence of 2-amino-6-hydroxyaminohexanoic 
acid, serine, and some lysine. The hydrolysate from fraction B was completely soluble in water ; 
it contained no long-chain fatty acid and gave no reaction for phenols. Repeated extraction 
with ether removed an acidic product. This remained as a viscous oil on evaporation of the 
solvent and appeared to be the component detected but not identified in the hydrolysis of 
mycobactin (Part II). The aqueous layer was evaporated under reduced pressure; the residue, 
dissolved in water and tested by paper chromatography, gave only one spot, and this corresponded 
to 2-amino-6-hydroxyaminohexanoic acid. Hydrolysis for 2 hr. with boiling 5n-hydrochloric 
acid gave water-soluble components having the following reducing values (expressed as equivs. 
of thiosulphate per mole of mycobactin from which the fraction was derived) : fraction A, 6-7; 
fraction B, 6-5; mycobactin, 12-8. 

Cobactin (I; R= R’ =H). Fraction A (1-2 g.) crystallised twice from ethyl methyl ketone 
with a little carbon gave colourless needles of cobactin (0-72 g.), m. p. 152-5—153°, [a]? —46-1°+ 
0-5° (c, 4-9 in MeOH) (Found: C, 55-6, 55-7; H, 8-45, 8-5; N, 10-7. C,,H,.O,N, requires C, 
55-8; H, 8-6; N, 10-85%). This was readily soluble in water, giving a solution neutral to 
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indicator paper, and soluble in the lower alcohols and chloroform but sparingly soluble in less 
polar solvents. It gave a strong reddish-violet colour with ferric chloride but no reaction with 
ninhydrin or Fehling’s solution and did not couple with diazonium salts. Electrometric titra- 
tion with alkali showed the presence of one weakly acidic group, pK 9-1. Titration with acid 
gave no indication of ionising groups. Cobactin showed absorption only in the far ultra-violet 
with no maxima above 220 mu. 

O-Methylcobactin (I; R = H, R’ = Me). Cobactin (0-30 g.) was stirred in methanol (4-5 c.c.) 
at 55—60° in a water-bath. Methyl sulphate (0-8 c.c.) and 5-5N-sodium hydroxide (1-6 c.c.) 
were added in portions of 0-05 c.c. and 0-1 c.c. respectively during 1 hr., the solution being weakly 
alkaline throughout. Then stirring was continued for 10 min., the solution neutralised by 
addition of a little acid and evaporated to dryness under reduced pressure. The residue was 
ex'racted with boiling chloroform (3 x 15 c.c.), and the extracts were filtered and evaporated, 

iny . white residue (0-30 g.). Two crystallisations from ethyl acetate gave colourless 

cles of O-rethylcobactin (0-12 g.), m. p. 172-5° (Found: C, 57-2; H, 8-5; N, 10-25. C,,H,,O,N, 

C, 57-3; H, 8-9; N, 103%). The methoxyl group was not removed under the ordinary 

itions. The product gave a neutral solution in water; addition of ferric chloride 
coloration. 

civi-O-methylcobactin (I; R = Ac, R’ = Me). O-Methylcobactin (52 mg.), powdered 

1m acetate (100 mg.), and acetic anhydride (0-5 c.c.) were heated for 2 hr. at 100°. 

luct was evaporated to dryness under reduced pressure and the residue extracted with 

oiling carbon tetrachloride (3 x 2 c.c.). The extract was evaporated, leaving a white residue 

31 which, crystallised from light petroleum (b. p. 100—120°), yielded O-acetyl-O-methyl- 

ictin as colourless needles, m. p. 156-5—157° (Found: C, 56-9; H, 8-15; N, 88. 
C,;H,,0;N, requires C, 57:3; H, 8:3; N, 8-8%). 

O-Acetylcobactin (I; R =H, R’ = Ac). Cobactin (100 mg.), acetic anhydride (100 mg.), and 
pyridine (2-5 c.c.) were kept in an ice-bath for 30 min. Water (2-5 c.c.) was then added and the 
solution evaporated to dryness under reduced pressure. The residue (115 mg.) was twice 
crystallised from light petroleum (b. p. 100—120°), giving colourless fine needles of O-acetyl- 
cobactin, m. p. 128—128-5° (Found: C, 56-4; H, 7-9; N, 9-7. C,4H,O;N, requires C, 56-0; 
1, 8-05; N, 9-3%). The product was soluble in water, giving a neutral solution which did not 
give a ferric chloride reaction. 

Hydrolysis of Cobactin to Cobactinin (V1).—Cobactin (0-8 g.) was refluxed for 6 hr. with 0-1N- 
hydrochloric acid (100 c.c.), and the solution then evaporated to dryness under reduced pressure. 
The residue was dissolved in water (30 c.c.) and applied at 4—5 c.c. per hour to a 70-cm. column 
of Zeo-Karb 215 (3-5 g.; 80—120 mesh). The column was washed with water, and treated with 
0-15N-ammonia. Reducing material, collected in effluent solution at pH 5—5-5, gave, on 
evaporation under reduced pressure, 0-21 g. of residue. Two crystallisations from water 
yielded colourless needles of cobactinin. A further 0-26 g. of reducing material from effluent 
solution having a pH of 6-5—7-5 failed to crystallise. Cobactinin had m. p. 174—175-5° 
(decomp.), varying somewhat with the rate of heating (Found: C, 52-1; H, 8-55; N, 10-4. 
C,.H,,0;N, requires C, 52:2; H, 8-7; N, 10-15%). It had properties characteristic of the 
hydroxyamino-group, reducing Fehling’s solution, neutral silver nitrate solution, and alkaline 
triphenyltetrazolium chloride. It gave no colour with ferric chloride or ninhydrin. On 
paper chromatography (butanol—acetic acid; Part II) it gave a single spot R, 0-81 shown by the 
tetrazolium spray. It was soluble in water, giving a solution of pH 4-6. lIonising groups were 
demonstrated by electrometric titration of 0-I1m-solutions with 0-3N-barium hydroxide and 
N-hydrochloric acid. 

Hydrolysis of Cobactin and Isolation of (—)-3-Hydroxy-2-methylpentanoic Acid.—Cobactin 
(0-80 g.) was refluxed for 8 hr. with 5Nn-hydrochloric acid (10 c.c.), then cooled and extracted 
with a large volume of ether (5 x 50 c.c.). The aqueous layer was evaporated under reduced 
pressure, leaving a gummy residue (0-74 g.) having strong reducing properties. This was a 
hydrochloride from which the free base was obtained by absorption on a column of Zeo-Karb 
215 and displacement with ammonia. The properties of the base coincided with those described 
for 2-amino-6-hydroxyaminohexanoic acid isolated from hydrolysis of mycobactin. The ether 
extract was washed with a minimum of water, dried (MgSO,), and evaporated. The residue 
(0-39 g.), a viscous oil, distilled at 90—100° (bath-temp.)/0-1 mm., giving (—)-3-hydroxy-2- 
methylpentanoic acid as a colourless oil. Analysis indicated that the acid as isolated probably 
contained about 2% of water. It had [«]?? —14-8° (c, 4-3in MeOH) (Found : equiv., by titration, 
135. C,H ,,0, requires equiv., 132). It wasa monobasic acid, pK 4-4. Thecrystalline p-bromophen- 
acyl ester, m. p. 89-5—90° (from light petroleum, b. p. 60—80°), had [«]}® —15° (c, 2-5 in MeOH) 
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(Found: C, 51-2; H, 5-25. C,,H,,O,Br requires C, 51-1; H, 5-2%). Quantitative acetylation 
of the free acid led to the uptake of 0-89 equiv. of acetyl. 

Identification of the Hydroxy-acid from Cobactin—(A) The hydroxy-acid (200 mg.) was 
mixed with red phosphorus (28 mg.) and powdered iodine (250 mg.) and heated 2-5 hr. at 100— 
110°; some hydrogen iodide was evolved. The product was cooled, the residue dissolved in 
ether and filtered, and the solution evaporated. The crude iodo-compound (330 mg.) remaining 
was refluxed with zinc dust (0-5 g.) and 2N-hydrochloric acid (2 x 4 c.c. added during 1 hr.). 
The solution was decanted from undissolved zinc, further 2N-hydrochloric acid (2 c.c.) added, 
and the solution steam-distilled. The distillate (40 c.c.) was neutralised with sodium hydroxide, 
extracted with ether (2 x 15 c.c.) to remove a little non-acidic material, and evaporated under 
reduced pressure. The residue was dissolved in ethanol (2 c.c.), and the solution centrifuged 
and evaporated. From the sodium salt (120 mg.) an anilide was prepared. The crude 
derivative (75 mg.) contained a little of the anilide of the unsaturated acid. It was treated in 
acetone (3 c.c.) with potassium permanganate in slight excess. The solution was set aside for 
2 hr. at 20°, filtered, diluted with ether, and washed with dilute sodium hydrogen sulphite 
solution and water. The ether solution was dried and evaporated and the residue distilled 
under reduced pressure. The main product, distilling at 120° (bath-temp.)/0-2 mm., was 
crystallised from hexane. It had [a]}®§ —19° (c, 2-7 in MeOH), m.p. 89-5—90-5° and was 
identified as (—)-2-methylpentanoanilide. For identification it was compared with specimens of 
the anilides from isomeric hexanoic acids prepared synthetically from substituted malonic 
esters (see Table). 

Infra-red 

spectrum 

Found (%) * Mixed m. p. compared 

H M. p. with (X) with (X) 
89-5—90-5° a site 

94-5—95 92—93-5° Identical 

84— 85-5 <70 Different 

76—76-5 84—87-5 Different 


Q 


Compound 
Yegradation compound (X) 
+-)-2-Methylpentanoanilide ............ 
-+-)-3-Methylpentanoanilide ............ 
}-)-2-Methylisopentanoanilide 
* C,,H,,ON requires 

(B) The hydroxy-acid (0-5 g.) in water (3 c.c.) was treated with sodium dichromate dihydrate 
(0-6 g.) and 30% sulphuric acid (3-6 c.c.). The mixture was at once steam-distilled. The 
distillate (30 c.c.) was mixed with 2 : 4-dinitrophenylhydrazine (0-6 g.) in hot 2N-hydrochloric 
acid (100 c.c.), and the hydrazone (0-28 g.) was later filtered off. After crystallisation from 
ethanol it had m. p. 155—156° undepressed on admixture with diethyl ketone 2: 4-dinitro- 
phenylhydrazone (Found: C, 49-7; H, 5-4; N, 20-9. Calc. for C,,H,,O,N,: C, 49-6; H, 5-3; 
N, 21-0%). 

Synthetic 3-Hydroxy-2-methylpentanoic Acid.—The method of Astachow and Reformatski 
(J. Russ. Phys. Chem. Soc., 1901, 38, 209) gave the acid from which the p-bromophenacyl ester 
was prepared, having m. p. 62-5—63° (Found: C, 50-7; H, 5-4; Br, 24-5. C,,H,,O,Br requires 
C, 51-06; H, 5-2; Br, 24-39%). The infra-red spectrum differed from that of the p-bromo- 
phenacy] ester of the degradative hydroxy-acid. 

Hydrolysis of O-Methylcobactin giving 2-Amino-6-methoxyaminohexanoic Acid.—Methyl- 
cobactin (0-66 g.) was refluxed for 8 hr. with 5N-hydrochloric acid (7-5 c.c.). The solution was 
extracted with ether (5 x 8 c.c.). The ether extract was dried (MgSO,) and evaporated, 
leaving 3-hydroxy-2-methylpentanoic acid as a viscous oil (0-24 g.). The aqueous solution 
after ether-extraction was evaporated under reduced pressure. The gummy residue (0-58 g.) 
was dissolved in water (20 c.c.) and extracted three times with 5% trioctylamine in chloroform. 
The aqueous layer was washed with ether and evaporated under reduced pressure, leaving a 
residue (0-39 g.) of the base. This was partly purified by dissolution in water (2 c.c.) and 
precipitation with acetone (15 c.c.). The amino-acid was not obtained crystalline. The crude 
amino-acid (47 mg.) and 5-nitrobarbituric acid (59 mg.) were each dissolved in hot water (1 c.c.) 
and mixed. The solution on cooling gave crystals. Two further crystallisations from water 
gave 2-amino-6-methoxyaminohexanoic acid di-5-nitrobarbiturate as cream-coloured rhombic 
plates without definite m. p. (Found: C, 33-5; H, 4-5; N, 21-4. C,H,,0,;N,,2C,H,0,;N;,H,O 
requires C, 33:3; H, 4:5; N, 20-8%). The crude amino-acid had no reducing properties or 
ferric chloride reaction. It gave a single spot on paper chromatography (Ry, values: butanol— 
propanol—diethylamine 0-33, butanol—acetic acid 0-23, collidine—lutidine 0-35; compositions 
as in Part IT). 

Partial Methylation of Mycobactin——(A) Mycobactin (2 g.) was warmed with methanol 
(10 c.c.) and methyl iodide (5c.c.). It swelled and partly dissolved, giving a gelatinous suspen- 


ye 


I 
( 
( 
( 


Sr or or 
wunowsd 
~J «J <7 -3 +1 


aaa 5) 


or 


[1954] Mycobacterium johnei. Part III. 4091 


sion on cooling. Freshly prepared thallous hydroxide (1-03 g.) was added in portions with 
stirring during 15 min. The solution first became clear and then deposited thallous iodide. 
The mixture was refluxed for 1 hr., cooled, and filtered. The filtrate was evaporated, and the 
residue dissolved in chloroform, filtered again, evaporated to 2—3 c.c., and treated with excess 
ofether. The gelatinous precipitate was filtered and dried, giving partly methylated mycobactin 
(1-88 g.). The product was a pale cream non-crystalline powder, m. p. 144—144-5°, having a 
pale green fluorescence like that of mycobactin. It gave a red-violet ferric chloride reaction 
(bluer than that given by mycobactin) and formed no precipitate with ethanolic cupric acetate. 

(B) Mycobactin (0-2 g.) was dissolved in methanol (7 c.c.). Ether (3 c.c.) was added and the 
solution cooled in an ice-bath. Ethereal diazomethane (4 c.c. containing approx. 4 equivs.) 
was added. After 5 min. excess of diazomethane was removed by shaking with dilute acetic 
acid. Water (20 c.c.) was added and the product extracted with chloroform. Evaporation of 
the chloroform gave the partially methylated material (0-19 g.) having properties similar to that 
obtained by the use of methyl iodide. 

Alkaline Fission of Partly Methylated Mycobactin.—The methylated product from the methyl 
iodide preparation (1-4 g.) was dissolved in methanol (20 c.c.), cooled in ice, and treated with 
N-sodium hydroxide (20 c.c.), as for the alkaline fission of mycobactin. It yielded an ether- 
soluble (1-01 g.) and a water-soluble fraction (0-39 g.). The latter which gave only a slight 
colour reaction with ferric chloride crystallised from carbon tetrachloride, leaving a little 
insoluble material. Further crystallisation from ethyl acetate gave O-methylcobactin, m. p. 
172—-173°. The ether-soluble fraction was a yellowish acidic resin resembling mycobactic acid. 
Portions of this fraction, the crude water-soluble fraction, and the partly methylated mycobactin 
from which they were derived, were refluxed for 3 hr. with 5n-hydrochloric acid. The aqueous 
layers after extraction with ether were evaporated under reduced pressure and the residues tested 
for reducing value and by paper chromatography. A parallel experiment was carried out with 
mycobactin partly methylated with diazomethane. Results are given in Table 3. 


TABLE 3. Hydrolysis of partly methylated mycobactin and its alkaline fission products. 
Reducing Amino-acids shown by paper chromatography * 
Fraction hydrolysed value Serine AHH AMH Lysine 
Mycobactin methylated with MeI-TIOH 
Crude methylation product ieetsdlee des 
Water-sol. alkali-fission product 
Ether-sol. alkali-fission product 
Mycobactin methylated with CH,N, 
Crude methylation product  ...........ecse eee eee 5: 1 b + 
Water-sol. alkali-fission product ia f x 
Ether-sol. alkali-fission product sae see ++ ++ 
Unitteated miycommctiit cosc...cc cis ces csc cecene , oo ++ — 
v.1., very little. * AHH, AMH as in Tables 1 and 2. 

Mycobactic Acid.—Fraction B from the alkaline fission of mycobactin is crude mycobactic 
acid. To obtain a rather less degraded specimen, mycobactin (2 g.) was dissolved in chloroform 
(40 c.c.), shaken mechanically with N-sodium hydroxide (20 c.c.) in an ice-bath for 40 min., 
and the emulsion separated by centrifugation at 0°. The aqueous layer was acidified with 
5n-hydrochloric acid (5 c.c.) and extracted with benzene (3 x 30c.c.). The extract was washed 
with water, and part of the benzene distilled off to remove dissolved water. The solution was 
diluted to 100 c.c. with dry benzene and dried from the frozen state. The white powder (1-35 g.) 
remained dry if stored below 0° but soon became sticky at room temperature. The mycobactic 
acid produced in this way was suitable for many purposes. It could, however, be further 
purified by conversion into a copper complex (see below). The purified complex (0-5 g.) was 
dissolved in chloroform (20 c.c.). Hydrogen sulphide was passed through the solution, methanol 
(40 c.c.) was added, and the copper sulphide filtered off. The resultant solution was evaporated 
under reduced pressure to small bulk, treated with benzene, and again evaporated. Finally 
benzene was added and the solution dried from the frozen state, giving a product (0-40 g.) which 
was completely colourless in the solid state or in solution. Mycobactic acid preparations were 
titrated electrometrically in methanol. Only one acid group was detectable. The equivs. 
of typical specimens were 711, 860, 820 by direct titration. Back-titration was carried out by 
treating a methanolic solution of mycobactic acid with more than 4 equivs. of methanolic 
potassium hydroxide. After 18 hr. at 20° the solution was back-titrated electrometrically with 
methanolic hydrochloric acid, giving an equiv. of 640 + 20. Ethanolic solutions of mycobactic 


4092 Snow: Mycobactin. A Growth Factor for 


acid gave a reddish-purple ferric chloride reaction. The coloured product could be extracted 
into chloroform, giving a crimson solution (the corresponding extract of the iron complex of 
mycobactin was orange). Alkaline solutions coupled with diazotised sulphanilic acid to give a 
yellow solution. The ultra-violet absorption spectrum (Fig. 2) resembled that of mycobactin. 
The specimen used for this spectrum had an equiv. of 665 by perchloric acid titration. Specimens 
with higher equivs. gave lower absorption maxima. 

Mycobactic Acid Copper Complexes.—Mycobactic acid in ethanol with cupric acetate gave a 
precipitate, the composition of which depended upon the conditions of precipitation; the 
copper content varied from 9 to 16% and the complete analyses suggested that the insoluble 
products contained between 1 and 2 atoms of copper per mol. of mycobactic acid. 

To prepare a complex having the maximum copper content 1 g. of mycobactin was treated 
with sodium hydroxide under the conditions described above. The mycobactic acid fraction 
was extracted under the mildest conditions and immediately dissolved in ethanol (10 c.c.). 
This solution was added slowly to a solution of cupric acetate (0-6 g. of hydrate) in ethanol 
(30 c.c.). The precipitate was separated at the centrifuge, washed repeatedly with ethanol, 
then with ether, and dried. The grey-green amorphous copper complex (0-45 g.) had no m. p. 
(charred above 250°) (Found: C, 53-0; H, 6-5; N, 5-5; Cu, 16-0. C,;;H;,0,N,Cu,,2H,O requires 
C, 53-3; H, 6-8; N, 5-3; Cu, 16-1%). This and other complexes could be repeatedly pre- 
cipitated from chloroform solution by addition of ethanol or ether without significant change of 
composition. Complexes required for regeneration of mycobactic acid were purified by 
absorption chromatography on silica gel, development being carried out with 5% v/v ethanol 
inchloroform. This treatment removed traces of coloured impurities. The solubility properties 
of copper mycobactic acid complexes resembled those of copper mycobactin (Part I). 

Mycobactic Acid Hydrochloride.—A specimen of mycobactic acid (0-20 g.) of low equiv. weight 
was dissolved in dry ether (5 c.c.), centrifuged to remove a trace of insoluble matter, cooled 
in ice, and treated with ethereal hydrogen chloride (1 c.c.). The precipitate was centrifuged off, 
washed with dry ether, and dried in a vacuum-desiccator. Mycobactic acid hydrochloride was 
obtained as a pale cream-coloured powder, m. p. 96—98° (after softening) (Found: C, 61-5; 
H, 8:3; N, 6-4; Cl, 5-1. C,;H;,0,N;,HCI1,H,O requires C, 61-5; H, 8-55; N, 6-15; Cl, 5-2%). 
The ultra-violet absorption spectrum (Fig. 2) resembled that of mycobactin hydrochloride 
(Part I). The compound was soluble in chloroform and the lower alcohols. When a chloro- 
form solution was shaken with water, hydrochloric acid passed into the aqueous layer leaving 
mycobactic acid in the chloroform. The solid showed alight blue fluorescence in ultra-violet light. 

Methylation of Mycobactic Acid.—Mycobactic acid (2-6 g.) in methanol (30 c.c.) was warmed 
to 55—60° with stirring. Methyl sulphate (4 c.c.) and 5-5n-sodium hydroxide (8 c.c.) were 
added simultaneously in increments of 0-2 c.c. and 0-4 c.c. respectively during 1 hr., the solution 
remaining weakly alkaline. Stirring was continued for a further 15 min., then the solution was 
cooled, diluted with water (60 c.c.), and acidified. The gummy precipitate was extracted with 
ether (3 x 30 c.c.), the extract washed with water and evaporated, and the residue freed from 
water by evaporation with chloroform. The residue was dissolved in methanol and the 
methylation repeated with half the quantities of methyl sulphate and sodium hydroxide. The 
residue from the second methylation (2-30 g.) was a clear yellow gum, with ultra-violet absorp- 
tion spectrum shown in Fig. 2. It did not react with ferric chloride, ethanolic cupric acetate, 
or diazotised sulphanilic acid. Electrometric titration in methanol showed it to be a mono- 
basic acid. The equiv. wt. (800—850) was higher than the theoretical for OO-dimethyl- 
mycobactic acid. 

. Acetylation of Mycobactic Acid.—Mycobactic acid (0-63 g.) was dissolved in dry pyridine 
(2 c.c.), and acetic anhydride (0-12 c.c.) added. The mixture was kept at room temperature for 
1 hr., diluted with water (5 c.c.), and acidified with hydrochloric acid. The sticky precipitate 
was extracted with ether, and the extract washed with water, and evaporated to dryness. The 
residue was dissolved in benzene (25c.c.) and evaporated from the frozen state, giving a creamy- 
white powder (0-54 g.) which became sticky at room temperature. The product gave no 
precipitate with cupric acetate in ethanol. Ethanolic ferric chloride gave a violet colour, much 
bluer than that given by mycobactic acid. Titration in methanol showed it to be a monobasic 
acid. It gave a yellow colour in alkaline solution with diazotised sulphanilic acid. Quantita- 
tive acetylation of a specimen of mycobactic acid showed the uptake of 0-82 OAc per mol. 

Acid Hydrolysis of Methylated Mycobactic Acid.—Methylated mycobactic acid (2-31 g.) 
was refluxed for 40 min. with 5n-hydrochloric acid (100 c.c.). The solution was cooled, diluted 
with water, and extracted with ether. The residue from the dried ether extract was treated with 
light petroleum. The petroleum-soluble wax (0-77 g.) was recrystallised and identified as 
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octadec-2-enoic acid. The aqueous solution after ether-extraction was evaporated under 
reduced pressure, and the residue dissolved in water (20 c.c.) and extracted with butanol 
(3 x 20c.c.). The residue after evaporation of the aqueous layer (0-49 g.) was shown by paper 
chromatography to be mainly the hydrochloride of 2-amino-6-methoxyaminohexanoic acid, 
and contained no detectable serine. The portion (0-86 g.) of the ether-extract insoluble in light 
petroleum, and the residue (0-42 g.) from the butanol extract of the aqueous layer, were gums 
containing mixtures of partial hydrolysis products. 

Progressive Acid Hydrolysis of Mycobactic Acid and its Methylation Product.—Portions 
(100 mg.) of mycobactic acid and its methylation product were refluxed with 5n-hydrochloric 
acid for varying times. The solutions were diluted with water, extracted with ether, and 
evaporated under reduced pressure. Estimations on the residues (Table 1) were carried out as 
follows: for chloride, an aliquot was ignited with a slight excess of sodium carbonate, the 
residue was dissolved in water, neutralised, and titrated with silver nitrate (chromate indicator) ; 
ammonia was estimated by steam-distillation from pH 11 buffer in a micro-Kjeldahl apparatus. 
m-Cresol was collected by steam-distillation of the whole hydrolysis solutions without ether- 
extraction and estimated in the distillate by Miller and Urbain’s method (Ind. Eng. Chem. Anal., 
1930, 2, 123). 

Colorimetric Estimation of the Iron Complexes of Mycobactin Derivatives and Synthetic Com- 
pounds.—Solutions of the test substances were made in chloroform and suitable aliquots (e.g., 
equiv. to 0-5 mg. of mycobactin) were diluted to 10 c.c. with chloroform. Ethanolic ferric 
chloride solution (0-1 c.c.; 0-5m) was added and the solution mixed. It was then shaken with 
0-01N-hydrochloric acid (10 c.c.), and the lower layer run off into a 25-c.c. graduated flask. The 
aqueous layer was extracted with a further 10 c.c. of chloroform and the contents of the flask 
were made up to volume with the same solvent. The chloroform solution was filtered through 
two thicknesses of dry filter paper to give a clear solution, and the spectrum at once plotted 
by using a spectrophotometer. The curves are shown in Fig. 1. 

Synthetic Oxazolines,—N-2’-Hydroxyethylsalicylamide (20 g.; m. p. 116—117°) was con- 
verted into the oxazoline by a method similar to that of Pfister, Robinson, Shabica, and 
Tishler (J. Amer. Chem. Soc., 1949, 71, 1101). The crude base (14-5 g.) was distilled (b. p. 
87—89° /22 mm.) and crystallised from light petroleum, giving 2-0-hydroxyphenyloxazoline, m. p. 
39—40° (Found: C, 66-65; H, 5-3; N, 8-9. C,H,O,N requires C, 66-3; H, 5-55; N, 8-6%). 
Reaction of methyl 2-hydroxy-6-methylbenzoate with ethanolamine gave 2-hydroxy-N-2’- 
hydroxyethyl-6-methylbenzamide, m. p. 139-5—140° (from acetone) (Found: C, 61-5; H, 6-3; 
N, 7-0. Cy 9H,,;0,N requires C, 61-5; H, 6-7; N, 7-15%). This material (1-3 g.) was converted 
into the oxazoline, giving first the hydrochloride (0-80 g.), m. p. 121-5—-122°, from which the base 
was prepared and purified by sublimation under reduced pressure (yield 0-55 g.). Crystallisation 
from light petroleum gave 2-(2-hydroxy-6-methylphenyl) oxazoline, m. p. 102—102-5° (Found: C, 
67-8; H, 6-8; N, 7-8. C4 9H,,0O,N requires C, 67-8; H, 6-3; N, 7-°9%). The spectra of the 
oxazolines are given in Fig. 3. 

Synthetic Hydroxamic Acids.—Stearoy] chloride (10 g.) in benzene (10 c.c.) was shaken for 14 hr. 
with N-ethylhydroxylamine oxalate (9-5 g.) dissolved in N-sodium hydroxide (88c.c.). The mixture 
was acidified and filtered. The solvent layer was separated from the filtrate and evaporated, 
and the residue combined with the solid which had been filtered off. The combined product 
crystallised from ethanol (55 c.c.) gave N-ethylstearohydroxamic acid as square plates, m. p. 73-5— 
74° (Found: C, 73-3; H, 12-4; N, 4:1. C,9H,,O,N requires C, 73-3; H, 12-6; N, 43%). A 
similar preparation gave N-ethyloctadec-2-enohydroxamic acid, m. p. 67-5° (from acetone) (Found : 
C, 73:6; H, 11-9; N, 4:3. Cy gH,,0,N requires C, 73-8; H, 12-1; N, 4:3%). 

Aluminium Mycobactin.—This compound was made by the following improved method. 
Mycobactin (0-50 g.) was dissolved in warm butanol (15c.c.), and a solution of hydrated aluminium 
chloride (0-5 g.) in ethanol (3 c.c.) was added. The mixed solution was washed with water until 
free from acid and evaporated to dryness under reduced pressure. The residue (0-50 g.) gave an 
absorption spectrum in methanol which indicated a quantitative conversion into the aluminium 
complex. The product was dissolved in ethanol and allowed to crystallise, yielding 0-31 g. of 
aluminium mycobactin, m. p. 211—213°, which could be recrystallised as before. Iron-free 


reagents were necessary to avoid colour. 
The author thanks Mr. J. C. B. Smith for valuable technical assistance. 
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Reactions of Thiols and Sulphides. Part II.* Some Reactions 
of Sulphur Analogues of Mannich Bases. 


By F. PoppersporF and S. J. Hott. 
[Reprint Order No. 55/4.] 


Displacement and alkylating reactions of sulphur analogues of Mannich 
bases derived from 2-naphthol, indole, and antipyrine occur with decreasing 
facility in the order given, probably owing to differences in the ease of 
formation of a conjugated unsaturated intermediate by initial elimination of 
a thiol. In contrast to the poor alkylating properties reported for phenolic 
Mannich bases, the sulphur analogue 1-ethylthiomethyl-2-naphthol alkylates 
smoothly a wide range of compounds, being the first active phenolic alkylating 
agent of general synthetic value. Some reactions of the §-ketonic sulphide 
8-ethylthio-8-phenylpropiophenone are described. 


ExcEPT for the alkali- or acid-cleavage into a thiol and an unsaturated compound (see, ¢.g., 
Behagel and Ratz, Ber., 1939, 72, 1257; Casonand Wanser, J. Amer. Chem. Soc., 1951, 73, 142) 
there are few reports of reactions involving sulphur analogues of Mannich bases. Nicolet 
(J. Amer. Chem. Soc., 1931, 53, 3066) reported that phenylhydrazine displaced thio-p- 
cresol from §-phenyl-$-p-tolylthiopropiophenone to form 1 : 3: 5-triphenylpyrazoline ; 
Béhme and Mundlos (Chem. Ber., 1953, 86, 1414) recorded the interaction of ethyl «- 
methylthiomethylacetoacetate with phenylhydrazine and with urea to yield methanethiol 
with a pyrazoline and a pyramidone derivative respectively. Only two examples of alkyl- 
ation have been found: Cardwell (J., 1949, 715) reported that thiacyclohexan-4-one 
methiodide and a variety of compounds possessing a reactive methylene group gave 
products of the type MeS-CH,*CH,°CO-CH,°CH,R, and that impure ethylthiobutan-3-one 
methiodide alkylated ethyl 2-oxocyclopentanecarboxylate to form ethyl 7-oxo-octane- 
1 : 4-dicarboxylate in small yield. 

In Part I (loc. cit.) the preparation was described of sulphur analogues of Mannich bases 
derived from 2-naphthol, indole, and antipyrine by reaction with thiols and formaldehyde. 
The representative products 1-ethylthiomethyl-2-naphthol (I; R = SEt), 3-ethyl- and 3- 
benzyl-thiomethylindole (II; R = SEt and S*CH,Ph), 4-ethylthiomethylantipyrine and its 
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sulphone (III; R = SEt and SO,Et), and also §-ethylthio-8-phenylpropiophenone (IV; R 
SEt) have now been studied, particularly in regard to their displacement reactions and to their 
alkylating propensity, in which their analogy to Mannich bases has been further extended. 
The sulphide (I; R = SEt) proved to be highly reactive; in all cases examined reaction 
occurred smoothly with displacement of ethanethiol. The Mannich bases (I; R = piperi- 
dino and morpholino) were obtained in 85° and 58% yield respectively on 2 hours’ heating 
with piperidine or morpholine in a current of nitrogen, a reaction comparable to that of 
piperidine or morpholine with 1-dimethylaminomethy]-2-naphthol (Snyder and Brewster, /. 
Amer. Chem. Soc., 1948, 70, 4230). Thiol exchange took place readily on similar treatment 
of (I; R = SEt) with thiophenol or toluene-w-thiol (yields, 65°% and 41% respectively). 
The alkaline catalysis of the reaction between phthalimide and Mannich bases (Atkinson, 
J., 1954, 1329) was paralleled with the sulphur analogues. Phthalimide and the sulphide 
(1; R = SEt), heated im vacuo in the presence of a catalytic quantity of potassium hydr- 


* The paper entitled ‘“‘ Reactions of Thiols and Thioethers. Part I”’ (J., 1954, 1124) is Part I of 
this series. 
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oxide, gave 1-phthalimidomethyl-2-naphthol in 61% yield. Succinimide behaved similarly 
(65% yield). 

With hot aqueous-ethanolic sodium cyanide, the sulphide (I; R = SEt) gave a mixture 
of 2-hydroxy-l-naphthylacetic acid and 1-cyanomethyl-2-naphthol, but not the amide. 
This contrasts with Brewster’s observation (Thesis, Illinois, 1948) that 1-dimethylamino- 
methyl-2-naphthol yielded a mixture of di-(2-hydroxy-l-naphthyl)methane and the acid 
(1; R _=CO,H) on similar treatment. The nitrile gave an 80% yield of the acid on 
hydrolysis with aqueous sodium hydroxide. 

It was expected, in view of its action on phenolic Mannich bases (cf., inter al., Auwers, 
Annalen, 1906, 344, 102; Bruson and MacMullen, J. Amer. Chem. Soc., 1941, 63, 270), that 


EtO,C. .NHAc 
H,C/cO 
pyy? 
WN\F 
(VII) 

acetic anhydride would convert the sulphide (I; R = SEt) into the diacetoxy-derivative 
(V; R= OAc), but at 100° or at reflux temperature it yielded only the monoacetyl 
derivative (V; R = SEt). 

Although Lieberman and Wagner (J. Org. Chem., 1949, 14, 1001) were able to condense 
1-morpholinomethyl]-2-naphthol with dibenzoylmethane under acid conditions there seems 
to be no other example of a successful condensation of a phenolic Mannich base with a 
compound containing a reactive methylene or methylidyne group. Dalgliesh (J. Amer. 
Chem. Soc., 1949, 71, 1697) and Eliel (7d7d., 1951, 73, 43), for example, both reported failure 
in such attempts. 

The sulphide (1; R = SEt) was used successfully, however, to alkylate 2-nitropropane, 
ethyl malonate, ethyl acetamidomalonate, indole, antipyrine, p-cresol, ~-benzylphenol, 
and 2-naphthol under alkaline conditions and in reasonable yield. 

Heating the sulphide with an excess of 2-nitropropane and one mol. of powdered sodium 
hydroxide gave 1-(2-methyl-2-nitropropyl)-2-naphthol (1; R = CMe,*NO,) in 56% yield. 
Reaction with ethyl malonate gave a high-melting product which, from its elementary 
analysis, molecular weight, and the fact that it was recovered unchanged after being 
heated under reflux with hydrochloric acid, appeared to be the sfiro-lactone (V1) although 
the malonic ester was present in 200% excess. Production of this lactone recalls the 
formation of dihydrocoumarin by distillation of ethyl §-o-hydroxyphenylpropionate 
(Pschorr and Einbeck, Ber., 1905, 38, 2069). 

Ethyl acetamidomalonate and the sulphide (1; R =SEt) under similar conditions 
gave a mixture of the lactone (VII) and diethyl 2-hydroxy-1-naphthylmethylacetamido- 
malonate [I; R = C(NHAc)(CO,Et),| in proportions of 3: i approximately. Boiling 
ethanol converted the lactone (VII) into this ester, which lost ethanol above its melting- 
point to re-form the lactone. It is interesting to note that lactams bearing a formal 
resemblance to the lactones (VI) and (VII) were obtained by Herz, Dittmer, and Cristol 
(J. Amer. Chem. Soc., 1948, 70, 504) by treating 2-dimethylaminomethylpyrrole with ethyl 
malonate or acetamidomalonate in boiling toluene or xylene in the presence of catalytic 
quantities of sodium hydroxide. 

Hydrolysis and decarboxylation of the lactone (VII) by hot hydrochloric acid gave 
@-(2-hydroxy-1-naphthyl)alanine. 

Indole and antipyrine were easily alkylated by the sulphide (I; R = SEt), the products 
(VIII) and (IX) being formed in 52% and 82% yields respectively. Interaction of 2- 
naphthol and gramine (II; R= NMe,) also yielded the indole derivative (VIII), thus 
confirming its structure. Similarly, heating the sulphide im vacuo with p-cresol, p-benzyl- 
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phenol, or 2-naphthol afforded respectively the (2-hydroxy-l-naphthylmethyl)phenols in 
good yield. Reactions of this type might provide an easy route to otherwise difficultly 
accessible xanthens by the elimination of water between neighbouring hydroxyl groups. 
Heating the sulphide with thioacetamide and a catalytic quantity of potassium hydroxide 


MeC -R CHSEt —H,¢ 7 
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gave di-(2-hydroxy-l-naphthylmethy]) sulphide, a reaction analogous to that observed with 
ketonic MI innich bases (Gill, James, Lions, and Potts, J. Amer. Chem. Soc., 1952, 74, 4923). 

A further analogy between the sulphide and phenolic Mannich bases (see, e.g., Auwers, 
Ber., 1903, 36, 1878; Auwers and Dombrowski, Annalen, 1906, 344, 280), is that in boiling 
alkali the sulphur compound decomposed to yield di-(2-hydroxy-l-naphthyl)methane but 
in small yield. 

In view of the high reactivity of the sulphide (I; R = SEt), the homologues (I; R = SPr*, 
SBu®, SPh, and SCH,Ph) described in Part I (loc. cit.) were not studied further. They 
would probably be less reactive owing to the lower volatility of the thiol to be displaced. 

3-Ethylthiomethylindole (II; R = SEt) proved to be far less reactive, not only than 
the naphthol compound described above, but also than its nitrogen analogue gramine 
(Il; R= NMe,). For example, the ethylthiomethylindole gave only 8% of 3-piperi- 
dinomethylindole when heated with piperidine for 24 hours, though a catalytic quantity of 
potassium hydroxide increased the yield to 49% ; phthalimide and the indole (II; R = SEt) 
together with potassium hydroxide gave only 15% of 3-phthalimidomethylindole (cf. 
Atkinson, Joc. cit.). Condensation could not be effected with ethyl acetamidomalonate, 
thiophenol, or 2-nitropropane. 

Snyder and Pilgrim (J. Amer. Chem. Soc., 1948, 70, 3770) showed that gramine gave a 
1: 4 mixture of 3-indolylacetamide and 3-indolylacetic acid when heated with excess of 
aqueous-ethanolic sodium cyanide for 80 hr. Under these conditions, the sulphur analogue 
(Il; R =SEt) gave a 1 : 2 mixture of the same amide and acid. The benzyl derivative 
(II; R = S-CH,Ph) was less reactive : with phthalimide it gave only an 8% yield of the 
phthalimido-derivative (II; R = phthalimido), probably owing to the lower oy ier 4 of 
toluene-w-thiol. In the antipyrine series, 4-ethylthiomethylantipyrine (III; = SEt) 
was found to be unreactive towards piperidine, aqueous-ethanolic sodium aa and 
methanolic sodium thiophenoxide. The derived sulphone (III; R = SO,Et) also failed to 
react with either piperidine or methanolic sodium thiophenoxide. 

Heating the $-ketonic sulphide (IV; R = SEt) with excess of piperidine or thiophenol 
in a current of nitrogen gave ethanethiol and, respectively, §-phenyl-f-piperidino- 
propiophenone (IV; R = piperidino) and 6-phenyl-$-phenylthiopropiophenone (IV; 
R = SPh). Substantially no thiol exchange occurred with toluene-w-thiol, however, 
showing once again the discrepancy between this thiol and the more acidic thiophenol. 

It is considered probable that the above reactions take place in two main stages : 
elimination of thiol from the sulphide under the catalytic influence of a base (B~) to form 
a conjugated unsaturated compound, followed by 1: 4-addition of the reagent to the 
unsaturated intermediate. E.g. : 
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It is necessary to postulate the primary decomposition of the sulphide (I; R = SEt) to 
account for the easy elimination of thiol under the influence of a catalytic quantity of 
alkali. In this case the unsaturated product (XI) could not be isolated, probably because 
of polymerisation since an almost sulphur-free resin was obtained. A similar result has 
been reported by Auwers and Bullman (Ber., 1926, 59, 2719) in a reaction which might have 
been expected to yield an analogue of (XI). It is well known, on the other hand, that 
unsaturated compounds are readily produced by thiol elimination from 6-ketonic sulphides. 
When a reagent (RH) which can undergo | : 4-addition to a conjugated unsaturated inter- 
mediate to form a stable product is present at the same time, however, the final product 
(XII) is obtained. Support for these hypotheses is afforded by the observation that the 
acetyl (V; R= SEt) and the tetrahydropyranyl (X) derivative do not undergo the 
elimination, displacement, or alkylating reactions unless the conditions are such to remove 
the protecting grouping. Thus, the base-stable tetrahydropyranyl derivative was re- 
covered unchanged after treatment with piperidine or aqueous-ethanolic sodium cyanide, 
while the acetyl compound underwent hydrolysis in the presence of piperidine and then 
gave the normal reaction product (I; R = piperidino); but the acetyl compound failed to 
react with thiophenol, which reacts very readily with the unacetylated naphthol (I; 
R = SE). 

Similarly, the structural inability of 4-ethylthiomethylantipyrine (III; R = SEt) or 
its sulphone to form a conjugated unsaturated derivative probably accounts for their lack 
of reactivity. The poor reactivity of the alkylthiomethylindoles (II; R=SEt and 
SCH,Ph) in both displacement and alkylating reactions may be due to the slowness of 
the thiol-elimination stage, for with the indole Mannich bases, from which amine elimination 
is known to be rapid, reactions of this type occur smoothly and with good yield. 


EXPERIMENTAL 

Reactions of 1-Ethylthiomethyl-2-naphthol (I; R = SEt).—(a) With piperidine or morpholine. 
The sulphide (Part I, Joc. cit.) (2-18 g., 0-01 mole) and the base (0-05 mole) were heated under 
reflux for 2 hr. with a stream of dry nitrogen passing through the boiling solution. Addition 
of water to the cooled mixture precipitated the crude product. One crystallisation from 
ethanol (charcoal) gave colourless platelets of 1-piperidinomethyl- (85%), m. p. and mixed m. p. 
93—94° (Found: N, 5-8. Cale. for C,,H,,ON : N, 58%), and 1-morpholinomethyl-2-naphthol 
(58%), m. p. and mixed m. p. 116—117° (Found: N, 5-7. Cale. for C;;H,,O,N: N, 58%). 

(b) With thiophenol or toluene-w-thiol. The sulphide (0-01 mole) and the thiol (0-05 mole) 
were heated together at 130° for 2 hr. in dry nitrogen. Excess of thiol was then removed in 
vacuo and the residue purified by crystallisation, giving colourless prisms of 1-phenylthiomethyl- 
(65%) (from toluene), m. p. and mixed m. p. 126—127°, and 1-benzylthiomethyl-2-naphthol 
(41%) (from cyclohexane) m. p. and mixed m. p. 89°. 

(c) With phthalimide. The sulphide (0-01 mole), phthalimide (1-47 g., 0-01 mole), and 
powdered potassium hydroxide (ca. 40 mg.) were heated together im vacuo at 180° for 1 hr. 
Evolution of gas appeared to have ceased after 40 min. Trituration of the cooled, dark brown, 
gummy residue with hot ethanol containing acetic acid (5 drops) gave the crude derivative 
(2-59 g.). Crystallisation from ethanol gave pure 1-phthalimidomethyl-2-naphthol (1-85 g., 
61%), m. p. 203°, mixed m. p. 202—203° (Found: N, 4-6. Calc. for C,,H,,0,N : N, 4:6%). 

(d) With succinimide. A mixture of the sulphide (4-37 g., 0-02 mole), succinimide (2-97 g., 
0-03 mole), and potassium hydroxide (ca. 80 mg.) was heated under reflux in vacuo (15 cm.) at 
150° until evolution of ethanethiol had ceased (1 hr). The brown residue separated from 
aqueous ethanol containing acetic acid (9 drops) as a sticky brown solid (4-64 g.), which after 
being twice crystallised from isopropanol (charcoal) afforded colourless prisms of 1-succinimido- 
methyl-2-naphthol (3-29 g., 65%), m. p. 141° (Found: C, 70-3; H, 5-3; N, 5-5. C,;H,,;0,N 
requires C, 70-6; H, 5-1; N, 5-5%). 

(e) With aqueous-ethanolic sodium cyanide. The sulphide (5-00 g., 0-023 mole) was added 
to sodium cyanide (5-60 g., 0-115 mole) in hot ethanol (44-5 c.c.) and water (11 c.c.), and the 
mixture refluxed for 80 hr. Water (56 c.c.) was added, and the solution treated with charcoal 
and evaporated in vacuo untilall the ethanol had been removed. Addition of excess of powdered 
solid carbon dioxide with stirring to the aqueous residue precipitated a brown solid (2-45 g.). 
This was crystallised from ethanol containing a little ether, then from aqueous ethanol (char- 
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coal), yielding buff leaflets, m. p. 173° (pre-heated bath). Recrystallisation from aqueous 
ethanol gave 1-cyanomethyl-2-naphthol (1-21 g., 29%), m. p. 177° (pre-heated bath at 170°) 
(Found: C, 78-7; H, 5-1; N, 7:7. C,,H,ON requires C, 78-7; H, 5-0; N, 7-6%). Its benzoyl 
derivative formed colourless prisms, m. p. 143°, from ethanol (Found: C, 79-0; H, 4-8; N, 4-9. 
C,,H,,0,N requires C, 79-4; H, 4-6; N, 4-9%). 

The filtrate from the crude nitrile was cooled and made acid to Congo-red with hydrochloric 
acid. A yellow crystalline precipitate was formed which was purified by dissolving it in dilute 
aqueous sodium carbonate and acidifying the filtered solution (charcoal) with hydrochloric 
acid, giving 2-hydroxy-1l-naphthylacetic acid (1-34 g., 29%), m. p. 146° (Found: C, 70-9; H, 4-9. 
Calc. for C,,H,,0,: C, 71:3; H, 5-0%). 

(f) With acetic anhydride. The sulphide (5-00 g.), heated with acetic anhydride (5-8 c.c.) 
for 3 hr. at 100° or 34 hr. under reflux, afforded only the acetyl derivative (V; R = SEt) as 
colourless prisms, m. p. 82°, from ethanol (Found: C, 69-5; H, 6-1; S, 12-2. C,;H,,0,S 
requires C, 69-2; H, 6-2; S, 12-3%). 

(g) With 2-nitropropane. A mixture of the sulphide (5-00 g.,) freshly distilled 2-nitro- 
propane (20 c.c.), and sodium hydroxide (0-92 g.) was heated under reflux with a stream of dry 
nitrogen passing through the boiling reactants. The mixture became almost solid after 1 hr. 
and a further quantity (10 c.c.) of 2-nitropropane was added to facilitate ebullition. After a 
further 1} hours’ heating, evolution of ethanethiol appeared to have ceased. The mixture was 
cooled, acidified with 10% aqueous acetic acid (25 c.c.), and shaken with ether (100 c.c.). The 
ether layer was washed with water (4 x 35 c.c.) and evaporated, first at atmospheric pressure 
and then in vacuo, giving a dry brown residue which afforded pale-buff plates, m. p. 172—173° 
(decomp.), after being twice crystallised from toluene. A further crystallisation from 90% 
ethanol gave 1-(2-methyl-2-nitropropyl)-2-naphthol (I; R = CMe,*NO,) (3-12 g., 56%), m. p. 
175—176° (decomp.) (Found: C, 68-1; H, 6-3; N, 6-0. C,,H,;0,N requires C, 68-5; H, 6-2; 
N, 5:7%). The acetyl derivative crystallised from ethanol as prisms, m. p. 105° (Found: 
N, 4:8. C,,H,,0,N requires N, 4-9%). 

(h) With ethyl malonate. Ethyl malonate (4-81 g., 0-03 mole), the sulphide (0-02 mole), 
and potassium hydroxide (ca. 80 mg.) were heated under reflux in vacuo for 1 hr. at 160—170°. 
The cooled semisolid product was ground with a little ethanol containing acetic acid (9 drops), 
yielding a pale yellow solid (2-95 g.). Crystallisation was effected by dissolving it in a small 
quantity of dimethylformamide and adding excess of ethanol; this gave colourless needles of 
spiro-3 : 3’-bis-(3 : 4-dihydro-5 : 6-benzocoumarin) (VI) (2:57 g., 68%), m. p. 314° [Found: C, 
79-0; H, 4-4; M (Rast), 344. C,,;H,,0, requires C, 78-9; H, 4:2%; M, 380]. This compound 
was recovered unchanged after crystallisation from ethanol or after being heated under reflux 
for 17 hr. with 20% hydrochloric acid. 

(i) With ethyl acetamidomalonate. Ethyl acetamidomalonate (15-19 g., 0-07 mole), the 
sulphide (15-28 g., 0-07 mole), and a catalytic quantity of potassium hydroxide were heated 
under reflux im vacuo (15 cm.) for 1 hr. at 190—200°. Evolution of gas had then ceased. The 
dark brown product was heated under reflux with ethanol (200 c.c.) for 30 min. and the solution 
cooled to 0°, to give a pale-buff solid (A) (10-80 g.), m. p. 222—224°. A second fraction (B) 
(3-29 g.), m. p. 178—179°, was obtained from the mother-liquors by evaporation. Fraction 
(A), crystallised from aqueous dimethylformamide and then from dimethylformamide-ethyl 
acetate, gave 3-acetamido-3-ethoxycarbonyl-3 : 4-dihydro-5 : 6-benzocoumarin (VII) (9-72 g., 
42%), prisms, m. p. 226° (Found: C, 66-2; H, 5:2; N, 4-1. C,,H,,0O,N requires C, 66-1; 
H, 5-2; N, 43%). Fraction (B) after repeated crystallisation from ethanol afforded prisms of 
diethyl 2-hydvroxy-\-naphthylmethylacetamidomalonate [I; R = C(NHAc)(CO,Et),] (2-16 g., 
8:3%), m. p. 183-5—184° (decomp.) (Found: C, 64:2; H, 6-3; N, 3-8. C,9H,,;0,N requires 
C, 64:3; H, 6-2; N,3-8%). Heating this compound above its m. p. resulted in evolution of ethanol 
and formation of a solid, m. p. 222—223°, not depressed on admixture with the lactone 
(VII). 

Prolonged treatment of the lactone with hot ethanol re-formed the pure ester [I; 
R = C(NHAc)(CO,Et),], m. p. and mixed m. p. 183-5—184?°. 

(j) With indole. Indole (2-34 g., 0-02 mole), the sulphide (0-02 mole), and a catalytic quantity 
of potassium hydroxide were heated at 150°/15 cm. for 1 hr. Evolution of ethanethiol, fairly 
rapid at first, had then ceased. Crystallisation of the residue from toluene (5 c.c.)—cyclohexane 
(10 c.c.), and then xylene (charcoal) gave a pink solid, m. p. 145-5—149-5°. Recrystallisation 
from xylene followed by fractional crystallisation from aqueous ethanol afforded colourless 
prisms of 3-(2-hydroxy-1-naphthylmethyl)indole (VIII) (2-84 g., 52%), m. p. 151—152° (Found : 
C, 83-4; H, 5-8; N, 4:9. C,,H,,ON requires C, 83-5; H, 5-5; N, 51%). 
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(k) With antipyrine. A mixture of antipyrine (3-76 g., 0-02 mole), the sulphide (0-02 mole), 
and potassium hydroxide (ca. 80 mg.) was heated in vacuo first for 1 hr. at 150—160°, then for a 
further 2 hr. at 190—200°, after which the reaction appeared complete. Crystallisation of the 
product from methanol (charcoal) gave colourless prisms of 4-(2-hydroxy-1-naphthylmethyl)- 
antipyrine (IX) (5-66 g., 82%), m. p. 201° (Found: C, 76-4; H, 5-9; N, 8-0. C,,H ON, 
requires C, 76-7; H, 5-9; N, 8-15%). The acetyl derivative crystallised from aqueous ethanol 
as prisms, m. p. 133—134° (Found: C, 74-5; H, 5-9; N, 7-0. C,.,H,,O,N, requires C, 74-6; 
H, 5-7; N, 7-25%). 

(1) With p-cresol. p-Cresol (3-24 g., 0-03 mole), the sulphide (0-02 mole), and potassium 
hydroxide (ca. 80 mg.) were refluxed for 1 hr. at 155—-160°/15cm. Trituration of the hot residue 
with toluene (20 c.c.) gave a crude product (2-52 g., 48%), m. p. 221—223°, which was recrystal- 
lised in turn from glacial acetic acid (charcoal) and aqueous isopropanol to form small colourless 
needles of 1-(2-hydroxy-5-methylbenzyl)-2-naphthol, m. p. 227—-228° (decomp.) (bath preheated 
at 220°) (Found: C, 82:4; H, 5:7%; active H, 1-7 atoms. C,,H,,O, requires C, 81-8; H, 
6-1%; active H, 2-0 atoms). The dibenzoyl derivative crystallised from ethyl acetate as 
prisms, m. p. 194° (Found: C, 80-8; H, 4:8. C,,H.,O, requires C, 81:3; H, 5-1%). 

(m) With p-benzylphenol. The reaction was carried out as described for p-cresol. The 
crude product, m. p. 216—218° (decomp.), crystallised from isopropanol and then recrystallised 
from glacial acetic acid (charcoal) as pale pink prisms of 1-(5-benzyl-2-hydroxybenzyl)-2-naphthol 
(2-88 g., 38%), m. p. 220-5° (decomp.; bath preheated at 210°) (Found: C, 84:2; H, 56%; 
active H,2-3atoms. C,,H,,O, requires C, 84-7; H, 5-9%; active H, 2-Oatoms). Its dibenzoate 
formed colourless prisms, m. p. 189—190°, from ethyl acetate-ethanol (Found: C, 82-9; H, 
5-1. C3gH,,O, requires C, 83-2; H, 5-1%). The bis-3 : 5-dinitrobenzoate was obtained as small 
yellow prisms, m. p. 251—252°, from ethyl acetate (Found: C, 62-6; H, 3-5; N, 7-7. 
Cy,H,,01.N, requires C, 62-6; H, 3:3; N, 7:7%). 

(n) With 2-naphthol. A mixture of the sulphide (0-02 mole), 2-naphthol (2-88 g., 0-02 mole), 
and potassium hydroxide (ca. 80 mg.) was heated for 1 hr. at 150—160°/15 cm. A vigorous 
gas evolution took place and the mixture solidified after 30 min. The cooled residue was 
triturated with toluene and crystallised twice from glacial acetic acid, to give colourless needles 
of di-(2-hydroxy-l-naphthyl)methane (4-59 g., 77%), m. p. and mixed m. p. 200° (Found : 
C, 83:8; H, 5-5. Calc. for C,,H,,0,: C, 84:0; H, 5-4%). 

(0) With thioacetamide. The sulphide (0-01 mole), thioacetamide (0-83 g., 0-011 mole), and 
potassium hydroxide (ca. 40 mg.) were heated in vacuo at 135—140° for 45 min. Crystallisation 
of the residue from ethanol containing acetic acid (5 drops), then from toluene, afforded almost 
colourless prisms of di-(2-hydroxy-1-naphthylmethyl) sulphide (0-76 g.), m. p. 160° (Found: C, 
75:8; H, 5-5; S, 9-45. C,.H,,0,S requires C, 76-3; H, 5-2; S, 9-3%). 

(p) With sodium hydroxide. The sulphide (0-02 mole), dissolved in a solution of sodium 
hydroxide (1-38 g.) in water (10 c.c.), was heated under reflux for 1 hr. Addition of water 
(45 c.c.) followed by treatment with excess of powdered solid carbon dioxide precipitated a 
greenish-brown gum and a little solid. The mixture was extracted with ether (100 c.c.), and the 
extract washed with water, dried (MgSO,), and evaporated, finally im vacuo. Crystallisation 
of the dry residue from toluene gave colourless needles of di-(2-hydroxy-1-naphthyl)methane 
(0-78 g.), m. p. and mixed m. p. 200° (Found: C, 83-7; H, 5-6. Calc. for C,,H,,0,: C, 84-0; 
H, 5:4%). 

When a mixture of the sulphide (0-03 mole) and powdered potassium hydroxide (ca. 120 mg.) 
in the absence of water was heated under reflux im vacuo at 170—180°, ethanethiol was smoothly 
eliminated. Reaction appeared to be complete after 2 hr. However, only indefinite or poly- 
meric material was isolated. 

Hydrolysis of 1-Cyanomethyl-2-naphthol.—1-Cyanomethyl-2-naphthol (0-5 g.) was heated 
under reflux with sodium hydroxide (0-6 g.) in water (4-0 c.c.) until evolution of ammonia had 
ceased (4hr.). The solution was then treated with charcoal and saturated with sulphur dioxide, 
to give a pale-cream solid (0-51 g.). This was dissolved in dilute sodium carbonate solution, 
filtered (charcoal), and reprecipitated by excess of dilute hydrochloric acid, giving colourless 
plates of 2-hydroxy-1l-naphthylacetic acid (0-44 g., 80%), m. p. 147°, mixed m. p. 146—147° 
(Found: C, 70-9; H, 5-1. Calc. for C,,H,.O,: C, 71:3; H, 5-0%). 

B-(2-Hydroxy-l-naphthyl)alanine [I; R = CH(NH,)*CO,H].—3-Acetamido-3-ethoxycarb- 
onyl-3 : 4-dihydro-5 : 6-benzocoumarin (VII) (3-27 g., 0-01 mole), concentrated hydrochloric 
acid (10-0 c.c.), and water (7-5c.c.) were refluxed for 18 hr., after which the solution was evaporated 
to dryness in vacuo. The residue was treated with water (15 c.c.) and evaporated to dryness 
again, and this operation was repeated. The product was suspended in hot water (50 c.c.) and 
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dissolved by the addition of the minimum of 10% aqueous sodium hydroxide. Neutralisation 
(pH 6) with hydrochloric acid precipitated a grey solid (1-52 g.) which was dissolved in hot dilute 
sodium carbonate, filtered (charcoal), and reprecipitated by careful addition of dilute hydro- 
chloric acid, giving an almost colourless product (1-15 g.). This was washed free from chloride 
ions with water and crystallised from 15% aqueous ammonia (charcoal), affording almost 
colourless plates of the pure amino-acid (1:06 g., 46%), m. p. 286—288° (decomp.) (bath pre- 
heated at 278°) (Found: C, 67:1; H, 5-5; N, 6-4. C,,;H,,;0,;N requires C, 67-5; H, 5:7; N, 
6-1%). 

Reaction of Gramine with 2-Naphthol.—Gramine (1-74 g., 0-01 mole), 2-naphthol (0-01 mole), 
and potassium hydroxide (ca. 40 mg.) were heated im vacuo at 160° for 30 min. The initially 
vigorous reaction then appeared to have ceased. Fractional crystallisation of the dark product 
from aqueous ethanol containing acetic acid (5 drops) gave colourless prisms of 3-(2-hydroxy-1- 
naphthylmethyl)indole (VIII) (1-24 g., 45%), m. p. and mixed m. p. 151—152° (Found: N, 
5-0. Calc. for C,,H,,ON: N, 5:1%). 

Reactions of 3-Ethylthiomethylindole (II; R = SEt).—(a) With piperidine. 3-Ethylthio- 
methylindole (Part I, Joc. cit.) (2-00 g.), piperidine (10 c.c., 9-65 mol.), and potassium hydroxide 
(ca. 40 mg.) were refluxed for 24hr. Excess of piperidine was then removed in vacuo, the residue 
dissolved in a small quantity of toluene, and the solution evaporated to dryness. The semi- 
solid product was dissolved in ether (20 c.c.) and the solution extracted with 3% hydrochloric 
acid (5 x 20 c.c.). After being treated with charcoal the combined acid extracts were made 
alkaline (phenolphthalein) with 10% aqueous sodium hydroxide, to give colourless prisms of 
3-piperidinomethylindole (1-09 g., 49%), m. p. 159°, mixed m. p. 159—160° (Found: N, 12-8. 
Calc. for C,,H,,N,: N, 131%). Omission of catalyst reduced the yield to 7-6%. 

(b) With phthalimide. The sulphide (3-83 g., 0-02 mole), phthalimide (0-02 mole), and 
potassium hydroxide (ca. 80 mg.) were heated at 180°/15 cm. for 24 hr., after which the initially 
vigorous reaction appeared to have ceased. The cooled residue was extracted with ether 
(2 x 20 c.c.), and the undissolved portion (2-78 g.) stirred for a short time with cold 10% 
aqueous sodium hydroxide. Crystallisation of the residual solid from ethanol gave pale buff 
prisms of 3-phthalimidomethylindole (0-85 g., 15-4%), m. p. and mixed m. p. 182—183°. A 
7:8% yield was obtained when 3-benzylthiomethylindole (Part I, Joc. cit.) (0-02 mole) was sub- 
stituted for (II; R = SEt) in the foregoing reaction. 

(c) With aqueous-ethanolic sodium cyanide. 3-Ethylthiomethylindole (5-00 g.) was refluxed 
with sodium cyanide (4-60 g.) in ethanol (51-5 c.c.) and water (12-9 c.c.) for 80 hr. Water 
(46 c.c.) was then added and the mixture warmed until all solid had dissolved. After being 
treated with charcoal the solution was concentrated at reduced pressure until all the ethanol 
had been removed. The product was kept at 0° overnight and afforded a sticky, light brown 
solid (2-41 g.) which recrystallised from ethanol-ether (charcoal) to give 3-indolylacetamide 
(0-95 g., 21%), m. p. 148—150° (Found: N, 15-9. Calc. for CygH,ON,: N, 16:1%). The 
filtrate from the crude amide was made acid (Congo-red) by hydrochloric acid. Almost pure 
3-indolylacetic acid (1-90 g., 42%), m. p. 63—165°, was precipitated. Crystallisation from 
ethylene dichloride containing a little ethanol gave pure acid, m. p. 167—168° (Found: N, 8-:3% ; 
equiv., 176. Calc. for C,,H,O,N: N, 8-0%; equiv., 175). 

Attempted Reactions of 4-Ethylthiomethylantipyrine (III; R = SEt).—The sulphide (Part I, 
loc. cit.) was heated under reflux with (a) piperidine for 2 hr. in a current of nitrogen, (bd) 
aqueous ethanolic sodium cyanide for 80 hr., and (c) methanolic sodium thiophenoxide for 72 hr. 
Substantially unchanged 4-ethylthiomethylantipyrine was recovered. 

4-Ethylsulphonylmethylantipyrine (III; R = SO,Et).—This sulphone, prepared in 50% 
yield by permanganate oxidation of the sulphide (III; R = SEt) in acetic acid, crystallised 
from methanol as colourless rods, m. p. 172—-173° (Found: N, 9-6; S, 11-0. C,H ,,0,;N,5 
requires N, 9-5; S, 10-9%). 

Reactions of §-Ethylthio-B-phenylpropiophenone.—(a) With piperidine. 8-Ethylthio-8- 
phenylpropiophenone (Kipnis and Ornfelt, J. Amer. Chem. Soc., 1946, 68, 2104) (5-41 g., 0-02 
mole) and piperidine (10 c.c., 0-1 mole) were heated under reflux for 1 hr. with a stream of dry 
nitrogen passing through the solution, then kept at’0° overnight. The precipitated 6-piperidino- 
6-phenylpropiophenone crystallised from light petroleum (b. p. 60—80°) as needles (4-51 g., 
77%), m. p. 94°, not depressed on admixture with an authentic sample (Georgi and Schwyzer, 
J. pr. Chem., 1912, 86, 273) (Found: N, 4-7. Calc. for C,,H,,ON : N, 4:8%). 

(b) With thiophenol. Thiophenol (5-50 g., 0-05 mole) and §-ethylthio-8-phenylpropiophenone 
(2-70 g., 0-01 mole) were heated under nitrogen for 1 hr. at 130°. Excess of thiophenol was then 
removed in vacuo. The residual solid was twice crystallised from ethanol, giving colourless 
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needles of B-phenyl-$-phenylthiopropiophenone (2:84 g., 89%), m. p. 120—121°, not depressed 
on admixture with a specimen prepared by Ruhemann’s method (J., 1905, 87, 461). The 
original ethylthio-compound was recovered substantially unchanged when toluene-w-thiol was 
used in this reaction. 

1-Ethylthiomethyl-2-naphthyl Tetrahydvo-2'-pyvanyl Ether (X).—To 1-ethylthiomethyl-2- 
naphthol (40-0 g.) in dry ether (650 c.c.), dihydropyran (70-7 g.) (freshly distilled from solid sodium 
hydroxide) was added. After thorough mixing, concentrated hydrochloric acid (15 drops) was 
added, and the whole kept at room temperature for 6 days. The solution was washed with 
aqueous 5% sodium hydroxide (3 x 200 c.c.) and then water (2 x 200 c.c.), filtered, and 
evaporated to dryness. The oily residue was heated at 100°/100 mm. for 30 min., and then 
at 100°/1 mm. for 30 min., giving a pale orange oil (35-2 g.) which crystallised. From ethanol— 
light petroleum (b. p. 40—60°) it afforded a crude solid (19-5 g., 35%), m. p. 51—52°. Three 
further crystallisations from light petroleum (b. p. 40—60°) followed by one from ethanol gave 
the ether (X) as colourless prisms, m. p. 58° (Found: C, 71-1; H, 7:0; S, 10-9. C,,H,,0,S 
requires C, 71-5; H, 7:3; S, 10-6%). 

Piperidine (10 c.c.) and the ether (X} (2-00 g.) were heated under reflux for 3 hr. Excess of 
piperidine was then removed in vacuo and the residue crystallised from light petroleum (b. p. 
40—60°), to give the unchanged ether (1-98 g.), m. p. and mixed m. p. 58°. 

The ether (X) (3-02 g., 0-01 mole) was refluxed with sodium cyanide (2-30 g.) in ethanol 
(25-8 c.c.) and water (6-5 c.c.) for 80 hr. Water (23 c.c.) was then added and the mixture con- 
centrated im vacuo until all the ethanol had been removed. Colourless prisms of the unchanged 
ether (2-94 g.), m. p. and mixed m. p. 58°, were deposited on cooling. 

Thiophenol (4-23 g.) and the acetyl derivative (V; R = SEt) (2-00 g.) were heated for 2 hr. 
at 120—130° with a stream of dry nitrogen passing through the reaction mixture. Excess of 
thiophenol was removed in vacuo and the residue crystallised from ethanol, to give colourless 
prisms of the unchanged acetyl compound (1-96 g.), m. p. and mixed m. p. 82°. 

Reaction of the Sulphide (V; R = SEt) with Piperidine.—Piperidine (3-9 g.) was added to the 
acetyl derivative (V; R = SEt) (2-0 g.) whereupon all the solid dissolved with the evolution of 
heat. The solution was heated under reflux for 2 hr. under nitrogen, ethanethiol being steadily 
evolved. Excess of piperidine was then removed im vacuo and the residue crystallised from 


ethanol, to yield almost colourless plates of 1-piperidinomethyl-2-naphthol (1-56 g.), m. p. and 
mixed m. p. 93—94°. 
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Chemical Constitution and the Dissociation Constants of Monocarboxylic 
Acids. Part XIV.* Monomethylcyclohexanecarboxylic Acids. 


By J. F. J. Dippy, S. R. C. HuGHes, and J. W. LAxTon. 
[Reprint Order No. 5381.] 


The thermodynamic dissociation constants of the seven monomethylcyclo- 
hexanecarboxylic acids in water at 25° have been determined, together with 
those of cyclohexanecarboxylic and «- and 8-naphthylacetic acids. The results 
are in harmony with the other recorded physical constants of these acids, 
and examination of the conformations of the geometric isomers reveals that 
for each of the three pairs the higher strength is exhibited by the molecule 
capable of assuming a diequatorial conformation, notwithstanding whether 
the configuration is cis or trans. 

It is noteworthy that the dissociation constant of the ¢vans-2-methy]l acid 
exceeds that of the unsubstituted acid. An explanation of this anomaly is 
difficult to find in terms of a spatial interaction of groups, because the distance 
separating the substituents here is the same as that in the c7s-2-methyl acid 
whose strength is a half of that of the tvans-acid. 

The strengths of the naphthylacetic acids are consistent with expectation. 


It has been claimed that n-butyric acid when compared with the homologous paraffinic 
acids displays an anomalous strength in water at 25° (Dippy, /., 1938, 1222; Dippy and 
Jenkins, J. Amer. Chem. Soc., 1940, 62, 483; Trans. Faraday Soc., 1941, 37, 366; cf. also 
Magee, Ri, and Eyring, J. Chem. Physics, 1938, 6, 499; Freri, Gazzetta, 1948, 78, 286), and 
in this connection the strengths of the 2-methylcyclohexanecarboxylic acids have a special 
significance. Moreover, the strengths of the entire series of monomethylcyclohexanecarb- 
oxylic acids make an interesting comparison with the K, data for cyclohexanedicarboxylic 
acids (Kuhn and Wassermann, Helv. Chim. Acta, 1928, 11, 3) and the strengths of the mono- 
hydroxycyclohexanecarboxylic acids recently determined by Kilpatrick and Morse (J. Amer. 
Chem. Soc., 1953, 75, 1847) who have examined their results in terms of the likely con- 
formations assumed by the three pairs of geometric isomers (cf. also Siegel and Morse, /. 
Amer. Chem. Soc., 1953, 75, 3857). 


TABLE 1. 

Acid Ag (acid) 105K 10°Ketass 105K (lit.) 
COHCISTASROMOCRT DORIS 56 oeccis cic ccddnsdssevncsccleene 378-5 1-26 1-28 1-28,! 1-34,2 1-32 3 
: 1-25 4 * 
1-Methylcyclohexanecarboxylic  ...............seeeee 8 7% 0-749 0-69 2 
trans-2-Methylevclohexanecarboxylic .............+ ° “8 1-87 2-05 ° 
cis-2-Methylcyclohexanecarboxylic ...............00. f “92 0-936 1-64 2 
+ trans-3-Methylcyclohexanecarboxylic ‘ : —) 1-282 ¢ 
cts-3-Methylcyclohexanecarboxylic ..............000 : ° 1-33 — 
trans-4-Methylcyclohexanecarboxylic ..............+ . : 1-32 { l-112 
cis-4-Methylcyclohexanecarboxylic ..............2.+ , -92 0-937 
TEA VIROOEIC is ssscescincscscensssciesscavensssecs “SRE 5-80, 5:92 — 
DERG ENG ©. sissincwauscccccascoverscvsunvenssncs’ “2 “5! 5-64 — 


* A thermodynamic constant. 

+ Determinations of K for this acid were carried out on mixtures of the pair of geometric isomers, 
since attempts to isolate the pure tvans-acid have been unsuccessful. The ratio of the isomers was 
ca. 1: 1, and this has been assumed in arriving at the approximate value of K given above. 

t This value was related to no particular configuration. 

‘ Lumsden, J., 1905, 87,90. 2 Zelinsky and Izgarysev, J]. Russ. Phys. Chem. Soc., 1908, 40, 1379. 
% Spiers and Thorpe, J., 1925, 127, 538. 4 Kilpatrick and Morse, loc. cit. 

Thermodynamic dissociation constants (K) and A, data for nine acids at 25° in water 
are set out in Table 1. Results for two of these compounds, viz., «- and $-naphthylacetic 
acids, are supplementary to those contained in Part XIII (loc., cit.). All earlier values of 
dissociation constants were classical data (with one exception) and are given in the last 
column of Table 1. 


* Part XIII, J., 1954, 1470. 
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EXPERIMENTAL 


Materials and Procedure.—1-Methyl-, cis- and trans-2-methyl-, and cis- and trans-4-methyl- 
cyclohexanecarboxylic acids were provided by Professor H. A. Smith and Dr. J. A. Stansfield 
whose generosity is warmly acknowledged. cis-3-Methyl- and cis- and trans-2-methyl-cyclo- 
hexanecarboxylic acids were kindly provided by Professor Killen Macbeth, to whom we are also 
grateful for the gift of the mixed amide of cis- and trans-3-methylcyclohexanecarboxylic acids 
from which a sample of mixed acids was prepared. cycloHexanecarboxylic acid and «- and 
6-naphthylacetic acids were purchased. 

All solid acids were recrystallised from conductivity water and dried for several weeks in 
desiccators. The liquid acids were first dried by azeotropic distillation with pure benzene, and 
then distilled at 0-4 mm. so as to give two fractions. Measurements of K were then made 
upon each fraction, and in every instance the results were found to agree within the range of 
experimental error. Table 2 sets out the physical criteria of purity which compare with the 
best to be found in the literature (Macbeth e/ al., J., 1929, 1245; 1949, 1011; 1953, 1364); 
equivalents were checked in the making of the sodium salt solutions. 

The experimental determinations upon acid and salt solutions, and the calculations of the 
acid strengths contained in Table 3 (where C is given in g.-equiv./l and K is Kiperm.), were along 
the lines described in Part XIII (loc. cit.). No weight dilutions were made in this series of 
determinations; each solution was made up directly from the pure acid. In the case of liquid 


TABLE 2. 
cvcloHexanecarboxylic cycloHexanecarboxylic 
acid M. p. (corr.) nro acid M. p. (corr.) 
(Unsubstd.) 30-4—30-9° — cis-4-Methyl- ............... 12—13° 
D-MGGRY oii cccceccesecccsense Sea — trans-4-Methyl- ............ 110—111 
cis-2-Methyl- .......... 02.0000 a 1-4642 ; 
Acid M. p. (corr.) 


trans-2-Methyl- ............... 50°5—51-5 — 
cis-3-Methyl- ..... Hie — 1-4576 Naphthylacetic 131-4° 


eo ceecceee a- 
cis- and trans-3-Methyl- ... — 1-4592—-1-4596 -Naphthylacetic 140-5—141 


TABLE 3. (Cell-constant data: a = 0-09146; 6 = 0-03764.) 
Cell 10°C J 105 Cell 10°C A 10K Cell 10°C 
cycloHexanecarboxylic acid 
(b) 2214 27-73 1: (b) 0-8877 
1-429 34:16 0-5267 


(a) 4-496 
1: 

1-268 36-04 1-25, 0-2397 
1-26 


o 


— et et et 
bo bo bo bo 
DADS 


1-Methylcyclohexanecarboxylic acid 
21-33 “7 (b) 1-053 30-48 0-735 (b) 
26-36 ‘ 1-045 30-61 0-736 38-94 
26-93 , 0:8975 32:89 0-735 43-80 


trans-2-Methylcyclohexanecarboxylic acid 

29-90 . (b) 1-126 45-56 = 1-83 (b) 52-00 
33-89 09150 50-18 1-83, 58-77 
34-42 ; 0-8773 51-11 1-84 64-77 
40-25 

40-26 

cis-2-Methylcyclohexanecarboxylic acid 

18-31 0-927 0-7490 39-81 


(a) ; 33-30 Yio. (5) 
25-69 0-926 —(b) } 1-106 { 39.39 }(0-930) (2) ¥ o.4gag { 48-98 
30-42 0-919 (6) 0-9447 35-65 0-917 (5) 78. 48-99 
32:80 0-927 09240 36-01 0-916 (b) 04733 49-32 


3-Methylcyclohexanecarboxylic acid (mixture of cis- and trans-isomers) 
Ist Fraction 2nd Fraction 3rd Fraction 
1-330 33-91 = 1-16 (6b) 0-4306 56-98 1-14 (b) 1-041 36-66 
05681 50:49 1-16 0-3024 66-53 1-13 0-2342 73:00 1-07 
0-5984 53-51 1-15 0-1970 79-36 1-09 
The constants determined on the first distillation fraction are higher than those on the last fraction, 
indicating that the trans-acid possesses the higher boiling point. 
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TABLE 3. (Continued.) 
Cell 108C J 10K Cell 10°C A 10K Cell 10°C 
cis-3-Methylcyclohexanecarboxylic acid 
(a) 1-699 “13 1-31 (a) 00-9197 42-81 1-31 (b) 02181 
1-095 9-6: 1-32 0-6017 52:20 1-31 0-1587 
0:9765 “f 1-31 0-2839 73-39 =1-31 
trans-4-Methylcyclohexanecarboxylic acid 
24:98 1-30, (6) 0-7910 45-87 1-30, (b) 0-488] 
34:56 1-30 0-5311 55-05 1-30 0-4040 
2 40-47 1-30 0-5257 55-14 = (1-29) 0-3875 
0-7926 45-83 1-30, 
cis-4-Methylcyclohexanecarboxylic acid 
1-913 25°82 0-926 (b) 00-5781 44-90 (0-907) (b)  0:3266 
0-9067 36:50 0-918 0-5192 47-43 0-917 0-2740 
0-6952 41-50 0-925 0-4281 52-09 0-927 
a-Naphthylacetic acid 
1-879 61-63 5-80, (a) 1-181 75°84 5-81 (b)  0-4920 
1-813 62-59 5-80 0-9545 83-19 5-79 0-3044 
1-464 69:04 5:81 0-7397 92-40 (5-73) 0-2166 
1-362 71:07 5-80 (a) , 100-2 
5 tp) $ 06203{ tog.9 fF 581 
B-Naphthylacetic acid 
(a) 1-249 2:65 5 (6) 00-5140 106-3 5-55 (b) 00-2747 136-2 
(b) 0-6742 94- 5°5é 0-4651 110-6 5-53 0-2484 142-0 
0-6734 94:95 5¢é 0-4414 113-2 5-57 


acids, very small weighing bottles were used which could be inserted into the flasks in which 
the solutions were prepared. Conductivity experiments satisfied us that the presence of a 
weighing bottle had no adverse effect on the acid solution. The water employed had « in 
the range 0-5—0-7 gemmho. No account of optical isomerism has been taken in this work, 
since it is accepted that enantiomorphs exert the same acid strengths. With the exception 
of two acids, the upper and the lower limits of K in each case differed by less than 1%. 


DISCUSSION 


The strengths of cyclohexanecarboxylic acid and its 1-methyl homologue (10°K, 1-26 
and 0-739) follow very closely the trend of strengths in the paraffinic acids [cf. 10°K data : 
CH,°CH,°CO,H, 1-33; CHMe,°CO,H, 1-38; CMe,°CO,H, 0-891 (Dippy, J., 1938, 1222)). 
That is to say the introduction of methyl progressively at the a-carbon atom has its most 
marked effect when replacing the last hydrogen. When the 2-, 3-, and 4-methyleyclohexane- 
carboxylic acids are considered, it is seen that the strength of the tvans-2-methy]l acid is 
twice that of its cts-isomer, and, is moreover, distinctly stronger than that of the parent 
cyclohexanecarboxylic acid. The other methyl-substituted acids approximate to the parent 
in strength, or else are weaker, as might reasonably be expected. 

Critical examination of the configurations assigned to disubstituted cyclohexanes (Haggis 
and Owen, J., 1953, 408; Darling, Macbeth, and Mills, 7bid., p. 1364; Kilpatrick and Morse, 
loc. cit.) has disclosed that, whereas the classical rules of Auwers and Skita hold for the 
| : 2- and 1 : 4-disubstituted compounds (containing the pairs of groups: Me, CO,H; Me, 
Me; Me, HO; HO, HO; HO, CO,H; CO,H, CO,H), they must be applied in reverse 
when dealing with the geometric isomers of the 1 : 3-compounds. Such conclusions, in so 
far as they affect the monomethylcyclohexanecarboxylic acids (Darling, Macbeth, and Mills, 
loc. cit.), have been reinforced by the present dissociation constant data for aqueous solution, 
since the sequence of acid strengths for the 1 : 3-isomers is the reverse of the sequences for 
the 1 : 2- and 1: 4-acids. Moreover, comparison of these data with the respective values 
of K, and K for the cyclohexanedicarboxylic acids and the monohydroxycyclohexane- 
carboxylic acids (Kuhn and Wassermann; Kilpatrick and Morse, locc. cit.) reveals a striking 
similarity of pattern, as the Figure shows. . 

The conformations of monosubstituted cyclohexanecarboxylic acids have been discussed 
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by Kilpatrick and Morse (loc. cit.) (cf. Barton, J., 1953, 1027), whence it follows that, of 
the preferred conformations, three are those in which both substituents are attached by 
equatorial bonds (e-e) and three are those in which equatorial-axial (e~a) bonding of the 


substituents occurs, thus : 
trans 


1 : 2-Disubstituted cyclohexane  ...... 2.0... cseeeeeeeereeee eee ces e-e 
1 : 3-Disubstituted cyclohexane  ............seeccccceccecsesesces e-a 
1 : 4-Disubstituted cyclohexane  ............ceceeeeeeeeeeeeeeeees e-e 


It is particularly noteworthy that for every pair of geometric isomers, the molecule which 
is capable of permitting the substituents to assume the diequatorial conformation is the 
one which provides the higher dissociation constant, or, in other words, favours greater 
anion stability. It seems, therefore, that the relative strengths of the components of any 
pair of geometric isomers in these series is determined by considerations of conformation 
rather than by classical configuration. 


50 


Strengths of substituted cyclohexanecarboxylic acids 
R°CyH ,9°CO,H relative to that of unsubstituted 
cyclohexanecarboxylic acid, 


I,R = CO,H; J7,Ri=OH; IH, R = Me. 


© trans-Acids; ©@ cis-acids. 


2 3 4 
Position of substituent group R 


As already indicated, the large K of the frans-2-methyl acid might be described as 
anomalous, and in this it is comparable to »-butyric acid and isovaleric acid, whose terminal 
methyl groups are also separated from the carboxyl group by two saturated carbon atoms. 
It is noted that in water the trvans-2-acid is stronger than the cts-2-acid in both the mono- 
hydroxycyclohexanecarboxylic acids and the cyclohexanedicarboxylic acids and, moreover, 
in the latter series the trans-2-acid is the strongest of the six isomers. 

It is seen, however, from models (possessing the foregoing conformations) that in ¢vans- 
2-methylcyclohexanecarboxylic acid the methyl and the carboxyl substituent are separated 
by a distance in space which is the same as that in the model of the cis-isomeride. Thus 
the apparent anomaly in the strength of the ¢rans-2-methy] acid is difficult to explain in 
terms of a specific spatial interaction of the substituents. 

Kilpatrick and Morse also determined the strengths of the monohydroxy-acids in 
solvents of lower dielectric constant, and found that here the values of K for the cis- and 
trans-2-acids gave an inverted sequence. They suggest that this might be due to a change 
in the favoured conformation for the trans-2-hydroxy-acid (from diequatorial to diaxial). 
In seeking to explain this experimental observation, however, it should not be overlooked 
that 7f the relatively high value of K in water is due to some anomalous, specific steric 
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interaction, the relative enhancement might well diminish as the dielectric constant of the 
solvent falls; this is already an established feature of most ortho-substituted benzoic acids. 

The K data for the naphthylacetic acids make an interesting comparison with the 
strengths of several acids recorded earlier in this series. It appears that the naphthyl 
group has a greater inductive attraction for electrons than phenyl has in phenylacetic acid 
(10°K : 4-88 (J., 1934, 161)], and the effect is rather more pronounced where attachment 
is at the a-carbon atom. Moreover, the abnormality (steric effect) noticed in «-naphthoic 
acid disappears where carboxyl is separated from the aromatic ring by methylene. It is, 
also, noteworthy that the ratio of the strength of 6-naphthylacetic acid to that of 8- 
naphthoic acid (0-807) is in good agreement with the ratio of the strength of phenylacetic 
acid to that of benzoic acid (0-778), indicating a close correspondence of the mesomeric 
effects to be associated with phenyl and 8-naphthy] substituents. 
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The Action of Organo-lithium Compounds on Quinoxaline. Molecular 
Compound Formation Involving the Quinoxaline Ring System. 
By E. S. Lane and C. WILLIAMs. 
[Reprint Order No. 5475.] 


Organo-lithium compounds react with a molar proportion of quinoxaline 
giving a molecular complex between quinoxaline and the 2: 3-disubstituted 
1: 2:3: 4-tetrahydroquinoxaline. Doubling the quantity of organo-lithium 
compound used produces the second component only, in high yield. Some 
additional examples of the tendency of quinoxaline compounds to form mole- 
cular complexes are provided and discussed. 


In an attempt to devise a new route to 2-substituted quinoxalines we treated pheny]l- 
lithium in ether with a molecular proportion of quinoxaline. By working up in the usual 
way the only compound isolated was an orange solid (A) melting at 100° which analysed 
according to the formula C,,H,,N, and was reasonably stable to oxidation. It was thought 
unlikely that this could be 3 : 4-dihydro-2-phenylquinoxaline (C,,H,.N.) since by analogy 
with the behaviour of 3-alkyl-3 : 4-dihydro-2-hydroxyquinoxalines (Motylewski, Ber., 1908, 
41, 800) it should be very easily oxidised to 2-phenylquinoxaline. When the quantity of 
phenyl-lithium used was increased to two molecular proportions the resulting product was 
the expected 1: 2:3: 4-tetrahydro-2 : 3-diphenylquinoxaline in high yield. When the 
compound (A) was distilled in a vacuum in an attempt to purify it by a method other than 
by crystallisation, it decomposed to a volatile low-melting basic compound and a residue 
of relatively non-volatile material. Identification of the volatile base as quinoxaline and 
of the residue as 1 : 2: 3: 4-tetrahydro-2 : 3-diphenylquinoxaline suggested that (A) was a 
molecular compound of these two components, and this was confirmed synthetically and 
spectrophotometrically ; an equimolecular mixture of the two components in alcohol gave 
an ultra-violet absorption spectrum identical with that of (A) and also with that of the 
compound prepared by mixing equimolecular solutions of the two compounds in a minimum 
of warm ethanol, separating the crystals which were precipitated on cooling, and recrystal- 
lising them from alcohol. 

Similar experiments with methyl-lithium in ether gave, from one mol., the molecular 
compound of quinoxaline and 1 : 2: 3: 4-tetrahydro-2 : 3-dimethylquinoxaline (separated 
into its components by vacuum-distillation) and, from 2 mols., 1 : 2 : 3 : 4-tetrahydro-2 : 3- 
dimethylquinoxaline. The molecular complex between quinoxaline and 1 : 2:3: 4-tetra- 
hydro-2 : 3-di-o-methoxyphenylquinoxaline was also prepared. 

Table 1 records molecular complexes between a variety of quinoxaline derivatives and 
other organic compounds. Further molecular compounds involving quinoxaline deriv- 
atives are known, ¢.g., 1: 1 molecular complexes between 2 : 3-dimethylquinoxaline and 
dimethylglyoxime (Henderson, J., 1929, 466), and 2:6: 7-trimethylquinoxaline and 
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methylglyoxime, and 2-phenylquinoxaline and phenylglyoxal dioxime (Landquist and 
Stacey, J., 1953, 2822). On finding a molecular complex of 2-amino-3 : 4-dihydroquinox- 
aline with 2-aminoquinoxaline, Pfister, Sullivan, Weyland, and Tischler (J. Amer. Chem. 
Soc., 1951, 78, 4955) drew attention to its similarity to that of quinhydrone, but the above 
results indicate that this restriction is not valid. In a preliminary communication (Chem. 
and Ind., 1953, 1230) we pointed out the possible significance of this tendency to molecular- 
compound formation in synthetic work in this field. It is not however a general pheno- 
menon and we could not obtain a molecular compound between 1 : 2: 3: 4-tetrahydro- 
2 : 3-diphenylquinoxaline and 2 : 3-dimethylquinoxaline, although there is evidence of 
slight interaction (see below). Henderson (/oc. cit.) has also reported the failure of dimethyl- 
glyoxime to form a molecular complex with quinoxaline. 

Some of the molecular complexes described above may be regarded as analogous to 
those obtained by Birtwell in the pyrimidine system (J., 1953, 1725) where it is postulated 
that the linkage is probably due to hydrogen-bonding. In Table 2 we have reported an 


TABLE 1. Molecular compounds of quinoxaline derivatives. 
Form and Found (%) Required (%) 
C H Cc H N 


5:2 29-4 56-8 53 29-5 


Quinoxaline Second 
component component m. p. Formula 
(Quinoxaline) Urea White needles C,H,,ON, 56-9 
147—148 
5 : 8-Diethoxy- Glyoxime Yellow needles C,,H,,0,4N, 
198—199° 
5 : 8-Diethoxy-2 : 3-di- Dimethyl- Yellow needles C,.H4,O,N,* 63-7 7- Oo 631. 7- 13-8 
methyl- glyoxime 137—138-5 
1: 2:3: 4-Tetrahydro- Quinox- Orange CssHaN, 
2 : 3-diphenyl- aline 100—100-5 
Piaselenol Red prisms CogHoNySe 67:0 4:7 ‘7 66-6 4- 11-9 
91-5—92° 
Piazthiole Orange rhombs C,gH..N,S ft 73:3 5-25 12-9 73-9 5-2 13-3 
65—66 
: 2:3: 4-Tetrahydro- Quinox- Orange prisms C,gHoN, 74:2 695 18-6 74:0 6-85 19-2 
2 : 3-dimethyl- aline 85—86° 
* 2 mols. of quinoxaline deriv. and 1 mol. of dimethylglyoxime; the others are 1 : 1 compounds. 
{ Found: S, 7:7. Reqd.: S, 76%. 


54:9 5- 5 54:9 5- 18-3 


80-6 5-6 ‘4 80-8 5- 13-5 


intermediate type of molecular interaction between quinoxaline derivatives. This was 
characterised by colour changes on mixing of the component solutions in absolute ethanol 
but no complexes could be obtained on concentration, the components crystallising separ- 
ately. These solutions also exhibited thermochromism, their colour becoming much paler 
on heating but returning on cooling. This is presumably indicative of a weak type of 
molecular interaction possibly related to that occurring in the phenazine system where 


TABLE 2. Colour change on admixture in equimolar proportions in absolute ethanol. 
1: 2:3: 4-Tetrahydro-2 : 3-dimethyl- 1:2: 3: 4-Tetrahydro-2 : 3-diphenyl- 
Added comonent quinoxaline quinoxaline 
Benzofurazan ............ Colourless to orange-red Colourless to orange-red 
PIASADIONS > > oc5 iss cuscesesa Colourless to deep red Mol. compound formed * 


Piaselenole ....s60086.00 » ” ” ” 
Phenazine Yellow to brown Yellow to deep red 

2 : 3-Di-R-quinoxaline. 
R= isvatmpoaeieanones Mol. compound formed * Mol. compound formed * 
Be ee cans sgiaranencenciens Colourless to yellow Colourless to pale yellow 


R sceneneunrackaeats Colourless to orange Colourless to orange 


Be eel) © eee bcac dk i pi » ” 

R = 2-Pyridyl Colourless to orange-yellow vs “s 

6-Nitroquinoxaline ... Orange to brown Orange to red 
* See Table 1. 


coloured compounds are obtained between certain phenazine derivatives and their respective 
dihydrides (Toromanoff, Compt. rend., 1953, 236, 300; 1952, 235, 759; Clemo and MclIlwain, 
J., 1934, 1991). 

A number of unsuccessful attempts were made to introduce only one substituent into 
the quinoxaline ring by variation of proportions and reaction conditions used, since it had 
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been reported that Klein and Spoerri (J. Amer. Chem. Soc., 1951, 73, 2949) were able to 
monoalkylate pyrazine, albeit in small yield, by reaction with an alkyl-lithium compound 
at low temperatures. The formation of the disubstituted tetrahydro-derivative parallels 
the behaviour of Grignard reagents towards quinoxaline (Bergstrom and Ogg, 1bid., 1931, 
58, 245) and it is noteworthy that the yields we obtained from lithium derivatives were 
much higher than those from the corresponding Grignard reagent. 


EXPERIMENTAL 

Reaction of Organo-lithium Compounds with Quinoxaline.—(a) Lithium foil (1-4 g., 0-2 mole), 
prepared by repeated hammering and folding of lithium metal moistened with naphtha between 
steel blocks, was suspended in anhydrous ether (200 ml.) at —10° under nitrogen. Bromo- 
benzene (15-7 g., 0-1 mole) was slowly added during 30 min. at such a rate as to cause slow 
refluxing. Refluxing was continued for 40 min. by external heat. The mixture was cooled to 
room temperature, quinoxaline (11 g., 0-085 mole) in ether (30 ml.) was added dropwise during 
30 min., and the mixture stirred for 24 hr. Water (300 ml.) was then added, the ethereal layer 
separated, and the solvent removed by evaporation, leaving a residue of orange-yellow solid 
(20 g.). The molecular compound of quinoxaline and 1: 2:3: 4-tetrahydro-2 : 3-diphenyl- 
quinoxaline formed rhombs from ethyl] alcohol (see Table 1). 

(b) The above experiment was repeated with lithium (2-8 g., 0-4 mole), bromobenzene 
(31-4 g., 0-2 mole), and quinoxaline (11 g., 0-085 mole). The residue (23-5 g., 98%) of 1: 2:3: 4- 
tetrahydro-2 : 3-diphenylquinoxaline recrystallised from ethyl alcohol as a colourless powder, 
m. p. 105° (Found: C, 83-7; H, 6-05; N, 9-65. Calc. for Cy9>H,,N,: C, 83-7; H, 6-3; N, 
9-65%). Bennett and Gibson (J., 1923, 1570) obtained m. p. 106°. 

(c) By the same procedures lithium (1-4 g., 0-2 mole), methyl iodide and quinoxaline gave 
quantitative yields (on quinoxaline) of the molecular compound (from alcohol) between quinoxal- 
ine and 1: 2:3: 4-tetrahydro-2 : 3-dimethylquinoxaline (see Table 1), and 1: 2:3: 4-tetra- 
hydro-2 : 3-dimethylquinoxaline, yellow prisms, m. p. 99—100° (from ethanol) (Found: C, 
74-4; H, 8:9; N, 16-7. Calc. for C,,H,,N,: C, 74:1; H, 8-6; N, 17-3%). Gibson (J., 1927, 
342) obtained m. p. 101—102°. 

(d) Use of o-bromoanisole gave a viscous oil (24-5 g.) which solidified after several months 
at 0°. The molecular compound of quinoxaline and 1: 2:3: 4-tetrahydro-2 : 3-di-o-methoxy- 
phenylquinoxaline formed yellow rosettes, m. p. 106-5—107-5° (from ethanol), with a yellow- 
green fluorescence in ultra-violet light (not shown by the other compounds) (Found: C, 75-7; 
H, 5:8; N, 11-0. Cy 9H,,O,N, requires C, 75-6; H, 5-9; N, 11-8%). 

Preparation of Molecular Complexes.—The molecular complexes in Table 1 were prepared 
by mixing solutions of the two components in molecular proportions in the minimum of warm 
alcohol. The material crystallising on cooling was filtered off and recrystallised from the same 
solvent. 

A similar procedure was adopted for the compounds listed in Table 2. Here, however, the 
components were recovered unchanged on concentration. 

Action of Heat on the Molecular Complexes.—(a) The molecular compound of quinoxaline 
and 1:2: 3: 4-tetrahydro-2 : 3-diphenylquinoxaline was heated in a vacuum. Quinoxaline 
distilled, leaving a residue of the 1: 2: 3: 4-tetrahydro-2 : 3-diphenylquinoxaline, m. p. 105° 
(from ethanol) (Found: C, 83-7; H, 6-45; N, 96%). The quinoxaline was identified as its 
perchlorate, m. p. 193° (needles from acetic acid) (Found: N, 12-1. C,H,O,N,Cl requires 
N, 12-15%). 

(6) Quinoxaline volatilised when the molecular compound of urea and quinoxaline was dried 
in vacuo at 100°. 

(c) When the molecular compound of quinoxaline and 1: 2: 3: 4-tetrahydro-2 : 3-di-o- 
methoxyphenylquinoxaline was vacuum-distilled, quinoxaline was again obtained as a first 
fraction followed by a yellow oil. The latter solidified and gave 1: 2:3: 4-tetrahydro-2 : 3- 
di-o-methoxyphenylquinoxaline as colourless plates, m. p. 114°, from ethanol (Found: C, 76-55; 
H, 5-5; N, 7-8. Cy.H,.O,N, requires C, 76-3; H, 6-4; N, 8-1%). 

(d@) The molecular compounds of glyoxime with 5 : 8-diethoxyquinoxaline and of dimethyl- 
glyoxime with 2 mols. of 5: 8-diethoxy-2 : 3-dimethylquinoxaline were sufficiently thermally 
stable to withstand purification by vacuum-sublimation. 
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Hydropteridines. Part II.* Formyl Derivatives of Some 
5:6: 7: 8-Tetrahydropteridines. 


By J. H. Lister, G. R. RAmMAGE, and E, CoATEs. 
[Reprint Order No. 5530.] 


5-Formyl derivatives of 5:6: 7: 8-tetrahydro-4 : 6-dimethylpteridines 
(I; X = H, Cl, OH, or NH,) have been prepared. Their stability and some 
structural aspects have been studied spectroscopically. The absorption of 
4-methylpteridine was found to vary with concentration in 0-1N-sodium 
hydroxide. 


THE 5:6: 7: 8-tetrahydropteridines (I) described by Lister and Ramage * have been 
formylated in the cold by use of anhydrous formic acid in the presence of acetic anhydride, 
a method used to prepare the formyl derivatives of pteroylglutamic acid and its reduced 


H 
XPT Ys CH HN) 
NY Ag/CHMe Ny Ay’ 
Me H 
(I) 


derivatives (May et al., J. Amer. Chem. Soc., 1951, 73, 3067; Roth e¢ al., 1952, 74, 3247). 
Reduction of 7 : 8-dihydropteridines in formic acid, followed by treatment with acetic 
anhydride, also gave the corresponding formylated tetrahydropteridines. By analogy 


TABLE 1. Pteridines (IV). 


This and the other Tables show the maximum and minimum wave-lengths in my; the values in 
parentheses are 10~“€max.. The determinations were made on a Unicam S.P. 500 quartz spectrophoto- 
meter (kindly lent by the Wool Textile Research Council). 

0-1n-Hydrochloric acid 0-1N-Sodium hydroxide 
x Max. Min. Max. Min. 
Cl 218 (2-20) 255 (0-261) 220 (0-744) 253 (0-317) 
309 (0-981) 289 (1-67) 
Cl — 227 (1-03) 258 (0-473) 
291 (1-43) 
NH, . 264 (0-204) 226 (2-80) 250 (0-701) 
. 259 (0-768) 
NH, — 228 (2-25) Inflection 
254 (0-806) — 
NEt, 291 (0-115) 240 (2-41) 267 (0-952) 
282 (1-23) 
NEt, 226 (2-32) 298 (0-126) 240 (2-47) 267 (1-27) 
281 (1-42) 
OH > — — 222 (2-68) 253 (0-793) 
259 (0-800) 
Pteridine <220 (>0-48) 241 (0-292) 
266 (0-381) 280 (0-368) 
312 
312) 0-668 
Max. Min. 
Pteridine in water pH 5-9 <220 (>0-52) 248 (0-131) 
230 (0-275) Inflection 
298 (0-763) 
309 (0-709) 

In addition to the values tabulated, the substituted pteridines in alkaline solution showed a charac- 
teristic absorption band at wave-lengths greater than 350 my, e.g., 2-diethylamino-4 : 6-dimethyl- 
pteridine 413 (0-743), 2-amino-4 : 6-dimethylpteridine 370 (0-643), and 2-chloro-4-methylpteridine 
374 (0-410). 


with the pteroylglutamic acid derivatives, these were 5-formy]l-5 : 6 : 7 : 8-tetrahydro- 

4: 6-dimethylpteridines. Only in the case of the 2-aminotetrahydropteridines (II; 

R = H or Me) were diformyl derivatives obtained and these were hydrated. In general, 
* Part I, J., 1953, 2234. 
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formylation of the tetrahydropteridines caused a lowering of the melting point and where 
colour was shown this was less intense. 

Alkaline solutions of the 7 : 8-dihydropteridines (III) gave spectra which changed on 
ageing, as had been observed previously with their acid solutions (Part I). In order to 
show that aerial oxidation to pteridines was general, 4-methylpteridines (IV; Y = H) 
were prepared (by condensing 4: 5-diamino-6-methylpyrimidines with polyglyoxal), 
these being more accessible than the 4 : 6-dimethylpteridines (IV; Y = Me) derived by 
oxidation of the dihydropteridines. Comparisons were made of the spectra of these 
pteridines (Table 1,) in 0-1N-hydrochloric acid, and in 0-1N-sodium hydroxide, with the 


7 : 8-Dihydropteridines (III). 
0-1N-Sodium hydroxide 
= — _ A = —— “a 
xX Max. Min. xX Max. Min. 
Cl @? 217 (2:00) 294 (0-809) 251 (0-223) NEt, 240 (1-83) 320 (1-43) 274 (0-439) 
NH, 223 (2-22) 307 (1-02) 262 (0-187) OH? 222 (2:29) 304 (1-17) 260 (0-301) 
* In water, Amax. 215, 297 mp; Amin. 247 mp. ° In ethanol, Amax. 217, 297 my; Amm. 253 mu. ¢ In 
water, Amax. 222, 289 mp; Amin. 254 my. 


TABLE 2. 


a 


TABLE 7 : 8-Tetrahydropteridines. 


0-1N-Sodium hydroxide 
- A 


Min. 

- —— 
240 (0-223), 
244 (0-254), 
278 (0-352) 
279 (0-190) 
227 (1-12), 285 (0-416) 


271 (0-056) 
Amin. 246 My. 


Substituents in position “Max. 

2 + - — — 
Me 4 <2 (0. 507), 301 (0-738) 
Me? ; <21 5 (0: 602), 306 (0-760) 
Me NH, 226 (1: bys 850) 
H NH, 231 (0-8: 6 (0- 373) 
Me NEt, 241 (1-32), 320 (0-732) 
Me 230 (0-841), 313 (0-671) 


Amax. 210, 303 my; 


a 
274 (0-503) 
281 (0-586) 


* In water, Amin. 245 mp. © In water, Amax. 211, 305 mp; 


TABLE 4. 5-Formyltetrahydropteridines. 


Substituent in position 
2 4 Max. 

Me H 213 (1-32) 

273 (1-25) 

222 (1-47) 

279 (1-10) 

216 (2-13) 


0-1N-Hydrochloric acid 


Min. 
246 (0-641) 


248 (0-473) 


272 (0-594) 


0-1N-Sodium hydroxide 

Max. Min. 

(1-00) 234 (0-777) 
(0-593) 276 (0-534) 
262 (0-788) 240 (0-432) 
293 (0-632) 277 (0-523) 
250 (1-01) 239 (0-990) 


251 
289 


O77 


287 (0-735) 

217 (2-07) 232 
245 (1-71) 281 
297 (0-512) 
231 (1-40) 
301 (1-19) 


(1-45) 
(0-430) 


259 (1-09) 236 (0- 763) 


( 

( 
296 (0-885) 276 (0-578) 
( 
309 (0-800) 284 ( 


0-374) 


242 (0-711) 
274 (0-634) 


264 (0-252) 256 (0-816) 


296 (1-04) 


corresponding spectra of aged solutions of the dihydropteridines. The similarity observed 
showed that 7 : 8-dihydropteridines (Table 2 and Part I) all underwent oxidation to the 
corresponding pteridines. These observations were in agreement with those of O’Dell and 
his co-workers (ibid., 1947, 69, 250) that 7 : 8-dihydroxanthopterin and 7 : 8-dihydropteroyl- 
glutamic acid, under these conditions, were similarly oxidised to pteridines. 

The results observed for oxidation in alkaline solutions were more definite than those 
obtained for acid solutions and in every case it was possible to follow the oxidation to 
completion, 7.e., until no further change was observed in the spectrum. The rate of 
oxidation varied with the nature of the solvent and the groups at the 2-position; ¢.g., 
2-chloro-7 : 8-dihydro-4 : 6-dimethylpteridine (III; X = Cl) was completely oxidised in 
24 hours whereas the corresponding 2-diethylamino-derivative (III; X = NEt,) required 
14 days. In certain cases the oxidation was accompanied by development of visual colour, 
which was often apparent shortly after preparation of the solution. This change, however, 
was shown not to be rapid enough to affect the spectra of the dihydropteridines whilst the 
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determinations were being made. The oxidation appeared to be essentially quantitative, 
as was indicated by the similar extinction coefficients obtained from the spectra of an aged 
dihydropteridine and the corresponding pteridine solutions. 

In neutral solvents there was less oxidation: the 2-chlorodihydropteridine (III; 
X = Cl) in alcohol gave an unchanged spectrum after six weeks, and the 2-hydroxy- 
derivative (III; X = OH) in water was only slightly altered after one week. 

With the 5:6:7:8-tetrahydropteridines (Table 3) stability was confined to acid 
solutions (Part I). In alkaline media, the spectra for this group gradually altered, at a 
rate which differed according to the 2-substituent. The most rapid deterioration was noted 
with (I; X = OH or NH,), the spectra being unrecognisable after 24 hours, whilst more 
persistent spectra were shown by (1; X =H or Cl). With (I; X = NEt,) in alkaline 
solution, oxidation was complete after six days and the absorption bands corresponded with 
those of 2-diethylamino-4 : 6-dimethylpteridine (IV; X = NEt,, Y = Me). 

5-Formyltetrahydropteridines (Table 4) in both acid and alkaline media gradually 
undergo hydrolysis of the formyl group: after 24 hours the solutions give the spectra of 


the parent tetrahydropteridines. 


0-8 


© 
Absorption of 4-methylpteridine in ¥ 
0-In-NaOH. 
8 06 
————— 5-20 x 10°. 
—-—-— 2-60 x 10M. 
— — — — 1-30 x 10°. 


IIO 
Wave-length (m) 


Comparisons of the hydropteridine spectra have also enabled some structural features 
to be identified. The similarity of the spectra indicated that the primary amino-group was 
present predominantly in the amino- rather than the imino-form (cf. Andersen and Seeger, 
ibid., 1949, 71, 340). 

The dihydropteridine ring system exhibited no pronounced basic character; thus, the 
spectra of the 2-chloro-derivative (III; X = Cl) showed a maximum absorption band at a 
common wave-length in acid, alkali, aqueous, and ethanolic solutions. The tetrahydro- 
pteridine ring system, however, was more basic, as shown by the formation of stable 
hydrochlorides and by the change in spectra with acid and alkaline solutions. Whereas 
the 2-amino- or 2-diethylamino-dihydropteridine (III; X = NH, or NEt,) showed no 
evidence of salt formation, similar spectra being obtained in acid and alkali, the corre- 
sponding tetrahydro-derivatives (I) gave very different spectra in the two media, indicating 
an appreciable degree of basic character. 

For 4-methylpteridine in 0-1N-sodium hydroxide the character of the spectrum varied 
considerably with the concentration. It was observed (see Figure) that in dilute solution 
(1-30 x 10-m) the spectrum was generally similar to those of the pteridines, but in more 
concentrated solutions (5 x 10-°m) resembled those of 5:6: 7 : 8-tetrahydropteridines. 
In this connection the 4-methyl group has been reported (Albert, Nature, 1954, 173, 1176) 
to have an anomalous base-weakening effect on pteridine. 

With pteridine itself in 0-1N-sodium hydroxide, the spectrum was independent of con- 
centration (3--16 x 10-5m) and in aqueous solution a spectrum in agreement with that 
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recorded by Albert, Brown, and Cheeseman (J., 1951, 474) was obtained. The spectra in 
alkali and water were surprisingly different (Table 1) in view of the fact that the pK, value 
for pteridine was 4-12 (idem, loc. cit.). It was established that the spectrum in aqueous 
solution was essentially reproduced from an alkaline solution by neutralisation with hydro- 
chloric acid after 2 hours. 


EXPERIMENTAL 
Samples before analysis were dried at 100°/3 mm. for 1 hr. 

2-Amino-5 : 6: 7: 8-tetrahydro-6-methylpteridine—A solution of 2-amino-7 : 8-dihydro-6- 
methylpteridine (0-75 g.) in acetic acid (40 c.c.) was hydrogenated over Adams catalyst (0-06 g.). 
The straw-coloured solution, after removal of the catalyst, was evaporated in a hydrogen 
atmosphere under reduced pressure but darkened considerably. The dark green oil which 
remained solidified and after crystallisation from ethyl acetate (charcoal) gave 2-amino- 
5:6: 7: 8-tetrahydvo-6-methylpteridine (0-4 g., 41%) as a yellow micro-crystalline solid, m. p. 
178° (Found: C, 48-8; H, 6-6. C,H,,N;,}H,O requires C, 48-3; H, 6-95%). 

2-Chlovo-5-formyl-5 : 6: 7 : 8-tetrahydro-4 : 6-dimethylpteridine.—(a) 2-Chloro-7 : 8-dihydro- 
4: 6-dimethylpteridine (0-4 g.) in formic acid (98—100%; 40 c.c.) was reduced with hydro- 
gen over Adams catalyst (0-04 g.). After the theoretical uptake the solution was treated 
with acetic anhydride (3 c.c.) and left overnight under hydrogen. On evaporation, after removal 
of the catalyst, a red oil was obtained which solidified on cooling. Crystallisation from moist 
ethanol gave 2-chloro-5-formyl-5 : 6: '7 : 8-tetrahydro-4 : 6-dimethylpteridine (0-23 g., 50%) as 
an orange, micro-crystalline solid, m. p. 203—204° (Found: C, 48:1; H, 4:7; N, 24-7. 
C,H,,ON,Cl requires C, 47:7; H, 4-9; N, 24-7%). 

(b) 2-Chloro-5 : 6: 7: 8-tetrahydro-4 : 6-dimethylpteridine (0-15 g.) in formic acid (98— 
100%; 10 c.c.) and acetic anhydride (2 c.c.) were left overnight under hydrogen. The solid 
obtained on evaporation, after crystallisation from ethanol, had m. p. 203—204° which was 
not depressed on admixture with the product above. 

5-Formyl-5 : 6: 7: 8-tetrahydro-4 : 6-dimethylpteridine.—5 : 6: 7: 8-Tetrahydro-4 : 6-di- 
methylpteridine (0-2 g.) was treated as in method (b) and gave 5-formyl-5 : 6: 7 : 8-tetrahydro- 
4 : 6-dimethylpteridine (0-1 g., 43%) as colourless prisms, m. p. 201—202°, from ethyl acetate 
(Found: C, 56-5; H, 6-3. C,H,,ON, requires C, 56-2; H, 6-3%). 

2:5-Diformyl Derivatives of 2-Amino-5: 6: 7 : 8-tetrahydromethylpteridines.—2-Amino- 
7 : 8-dihydro-4 : 6-dimethylpteridine (0-5 g.) was hydrogenated by method (a), and 2-formamido- 
5-formyl-5 : 6: 7: 8-tetrahydro-4 : 6-dimethylpteridine (0-27 g., 42%) was obtained as pale cream 
needles, m. p. 187°, from ethanol (Found: C, 47-7; H, 6-0; N, 28-4. C,)9H,,;0,N,;,H,O 
requires C, 47-4; H, 6-0; N, 27-7%). In a similar manner 2-formamido-5-formyl-5 : 6: 7: 8- 
tetrahydro-6-methylpteridine (61%) was obtained as cream crystals, m. p. 153° (Found: C, 
45-4; H, 5-4; N, 29-6. C,H,,0O,N;,H,O requires C, 45-2; H, 5-5; N, 29-3%). 

5-Formyl-5 : 6: 7: 8-tetrahydro-2-hydroxy-4 : 6-dimethylpteridine.—Reduction of 7 : 8-dihydro- 
2-hydroxy-4 : 6-dimethylpteridine and acetic anhydride treatment gave a brown powder. 
This was taken up with hot water (charcoal) and, on cooling, colourless crystals of 
5-formyl-5 : 6: 7 : 8-tetrahydro-2-hydroxy-4 : 6-dimethylpteridine (72%), m. p. 360°, were 
obtained (Found: C, 52-2; H, 6-0; N, 27-2. C,H,,O,N, requires C, 51-9; H, 5-8; N, 26-9%). 

4-Methylpteridine.—4 : 5-Diamino-6-methylpyrimidine (0-5 g.) and polyglyoxal (0-25 g.; 
Albert, Brown, and Cheeseman, /oc. cit., p. 475) were refluxed in methanol (50 c.c.) for 1 hr. 
Evaporation of the solvent left an orange solid which on crystallisation from light petroleum 
(b. p. 100—120°) gave 4-methylpteridine (0-25 g., 48%) as orange needles. Sublimation in 
vacuo gave yellow needles, m. p. 153° (Found: C, 57:2; H, 4:2. C,H,N, requires C, 57:5; 
H, 4°1%). 

2-Chloro-4-methylpteridine.—A solution of polyglyoxal (0-15 g.) and 4: 5-diamino-2-chloro- 
6-methylpyrimidine (0-45 g.) in dry ethanol (20 c.c.) was refluxed for 10 min. The yellow 
residue, after removal of the ethanol, was extracted with hot ligroin and the extracts con- 
centrated. On cooling, 2-chloro-4-methylpteridine (0-32 g., 63%) emerged as pale yellow 
needles, m. p. 155—156° (Found: C, 46-1; H, 2-9. C,H,;N,Cl requires C, 46-6; H, 2-8%). 

2-Amino-4-methylpteridine.—Polyglyoxal (0-14 g.) was added to a solution of 2:4: 5- 
triamino-6-methylpyrimidine (0-28 g.) in methanol (20 c.c.) and refluxed. A precipitate 
formed almost immediately and after 30 min. the solution was cooled and the solid filtered off. 
Crystallisation from water gave 2-amino-4-methylpteridine (0-25 g., 77%) as brown needles, 
m, p. 289° (Found: C, 51-8; H, 4:2; N, 43-5. C,H,N, requires C, 52-2; H, 4-4; N, 43-5%). 
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2-Diethylamino-4-methylpteridine.—4 : 5-Diamino-2-diethylamino-6-methylpyrimidine (0-4 g.) 
was condensed as for the 2-chloro-compound. From light petroleum (b. p. 60—80°) 2-diethyl- 
amino-4-methylpteridine (0-23 g., 45%) was obtained as deep red prisms, m. p. 122° (Found : 
C, 61:1; H, 6-9. C,,H,;N, requires C, 60-8; H, 7-0%). 


The authors thank Imperial Chemical Industries Limited for chemicals and the Education 
Authority for the Huddersfield Education Committee Research Scholarship awarded to one of 
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Chloryl Fluoride and its Derivatives. 


By A. A. WooLr. 
[Reprint Order No. 5531.] 


A new preparation of chloryl fluoride from alkali chlorates and bromine 
trifluoride is reported. The fluoride forms solid 1: 1-compounds with boric 
and antimonic fluorides. These are regarded as chloronium (CIO,*) salts. 
The preparation of other oxy-halogen cations is discussed. 


THE presence of oxy-halogen cations has often been postulated in the halogen oxides and 
as intermediates in reaction mechanisms. The chloryl ion ClO,*, for example, might exist 
in the diamagnetic dimer of chlorine trioxide in the same way as the nitrosyl] ion in nitrogen 
tetroxide. There should be interesting analogies between the chemistry of nitryl and 
chloryl ions and consequently a method of preparation of chloryl salts has been sought. 
A method, using bromine trifluoride, similar to that used in the preparation of nitrosyl and 
nitryl complex fluorides, proved unsuccessful, and it has been suggested that the chloryl 
ion can be displaced by BrF,* in this solvent (Woolf, Chem. and Ind., 1954, 346). The 
preparation of a red solid, Cl,0;,3SO0, (Lehmann and Krueger, Z. anorg. Chem., 1953, 274, 
141) provided a definite indication that the chloryl ion was capable of existence in salts. 
The compound may be of the same type as N,O;,3SO,, the structure of which has been 
recently established as (NO,*).S3s0,9?~ (Eriks and MacGillavry, Acta Cryst., 1954, 7, 430). 
A direct reaction of chloryl fluorides with acceptor fluorides has therefore been attempted 
and has led to chloryl complex fluorides. During the course of this investigation a 
preliminary report of the preparation of the same complexes has appeared (Schmeisser and 
Ehenhéch, Angew. Chem., 1954, 66, 230). These authors have improved the original 
preparation of chloryl fluoride (Schmitz and Schumacher, Z. anorg. Chem., 1942, 249, 238) 
by the use of trichlorofluoromethane as a diluent. The complex fluorides, ClO,F,BF;, 
ClO,F,AsF,, and ClO,F,PF; were prepared by passage of the gaseous fluorides into chloryl 
fluoride solutions with the above solvent, and ClO,F,SbF,, ClO,F,SO,, and 2C1O,F,SiF, by 
direct reaction. It seems that chloryl fluoride and complexes can only be prepared pure 
in quartz or metal apparatus. The products made in borosilicate glass apparatus, how- 
ever, were sufficiently pure to enable us to establish their compositions. 

In an earlier investigation of the reaction of bromine trifluoride with halogenates 
(Emeléus and Woolf, J., 1950, 164) it was found that the alkali salts were converted into 
tetrafluorobromites, but whereas in the reactions with bromates and iodates the oxygen 
was quantitatively displaced, with chlorates only one third of the oxygen was evolved as 
such. It was suggested that the rest of the oxygen was expelled as either chlorine dioxide 
or chlorine dioxyfluoride (chlory] fluoride). 

The gas formed in the reaction with potassium chlorate has now been examined. It 
was too reactive to be handled in a normal vacuum-system since it attacked both tap 
greases and mercury. It could be studied in simple borosilicate glass apparatus provided 
that the gas was not kept in contact with glass for too long at room temperatures. The 
gas was identified chemically after hydrolysis with excess of alkali. The solution contained 
practically all its chlorine in the form of chlorate. Perchlorate was absent, but there were 
traces of halide ions and of positive chloride ions. The latter was below 5% of the total 
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chloride as judged by the liberation of iodine from hydriodic acid. The total chlorine, 
determined after reduction with sulphurous acid, was equivalent to that in the potassium 
chlorate used to liberate the gas, and the chlorine: fluorine ratio was near to unity. 
A molecular weight of 88 was found from the weight ratio of gas to potassium chlorate, and 
approximately two equivalents of alkali were required for each molecule of gas. Thus the 
formation and hydrolysis are represented by : 
12KC1O, + 20BrF, 12KBrF, + 4Br, + 60, + 12ClO,F 
ClO,F + 2NaOH NaClO, + NaF + H,O 

The liquefied gas was pale red at —95° and it seems likely that the impurities were chlorine 
dioxide, which itself forms a red liquid and solid, silicon tetrafluoride, and possibly some 
bromine. The colour was intensified after further exposure to glass at room temperatures. 
Chlorine dioxide could be produced from the reaction : 


4C10,F + SiO, = SiF, + O, + 4Cl0, 


The preparation of chloryl complex fluorides was attempted by methods analogous to 
those used for nitronium and nitrosonium complexes. It has been shown that mixtures of 
silver nitrate and antimonic oxide (1:1) were converted by bromine trifluoride into 
mixtures of nitronium and silver hexafluoroantimonates (Woolf and Emeléus, J., 1950, 
1050). The product from a silver chlorate—antimonic oxide mixture was free from chlorine, 
and appeared from analysis to be a mixture of difluorobromosonium and silver hexafluoro- 
antimonates, BrF,SbF,, and AgSbF,. This showed that the chloryl ion was unstable 
in bromine trifluoride. However, by the direct reaction of excess of chloryl fluoide with 
antimonic fluoride a white solid of composition ClO,F,SbF,; was formed which was 
involatile im vacuo at room temperatures. A solid was also formed on reaction with boric 
fluoride, but this was volatile im vacuo. It could be isolated almost quantitatively by 
mixing the components at —78° and distilling off the excess of boric fluoride into a trap at 
—190°. In view of the tendency of antimonic and boric fluorides to form complex anions 
with fluorides it seems feasible that these compounds are chloronium salts ClO,*SbF,~ 
and ClO,*BF,-. 

Chloryl fluoride also reacts with sulphur trioxide to form a 1 : 1 compound isolated as 
a red liquid at room temperature. This froze to a red solid and changed to a pale yellow 
solid as the temperature was reduced to that of liquid air. This also may be ClO,*SO,F- 
in the solid form. The possibility of formation of oxychlorine cations in fluorosulphonic 
acid solution will be discussed in a forthcoming publication. 

The stability of the chloryl ion is less than that of the alkali-metal and oxy-nitrogen 
cations when compared by displacement reactions in bromine trifluoride (Woolf, J., 1950, 
1053). The order of stability K* > NO* > BrF,* > ClO,* is suggested by the fact that 
the cation of the fluoroantimonate is displaced by the cation of the tetrafluorobromite next 
highest in the series (e.g., NOSbF, + KBrF,—» KSbF,; ClO,SbF, + BrF,BrF, —> 
BrF,SbF,). Such data as are available confirm that the stability of ClO,* is lower than 
that of NO*, when the energetics of complex formation of their salts, with the same cation, 
are compared in the manner described for CN* and NO* (Woolf, J., 1954, 253). The terms 
considered are the dissociation energy of chloryl fluoride, the ionization potential of ClO,, 
and the lattice energy of the salt. The last term is especially significant since the ionic 
radius expected for C1O,* is 0-3 A greater than for NO*. (The ClO,* ion is isoelectronic 
with sulphur dioxide and hence the S-O bond length of 1-43 A in the latter should be close 
to the ionic radius of the former.) 

There are no other authenticated examples of oxyhalogen cations. It is therefore of 
interest to indicate possible preparations of new oxyhalogen cations. The chlorosonium 
ion (CIO*) should be at least as stable as the ClO,* ion, and the formation of complex 
fluorides by reaction of chlorosyl fluoride with higher fluorides seems feasible. Ruff and 
Krug (Z. anorg. Chem., 1930, 190, 270) may have prepared chlorosyl fluoride by the 
hydrolysis of chlorine trifluoride. Another possible preparation is by the reaction of 
bromine trifluoride with anhydrous hypochlorites. The thermal decomposition of ether 
complexes is unlikely to succeed on account of the reactivity of chlorine trifluoride. 
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Perfluoro-ethers would be unlikely to co-ordinate with chlorine trifluoride. The possibility 
of producing a fluorosonium ion (FO*) seems remote. It would require a positive tervalent 
fluorine atom. However, univalent fluorine exists in hypofluorites (Cady, Chem. Eng. 
News, 1950, 28, 1478) and the F—O bond strength is not high enough to preclude any 
possibility of reaction between fluorine monoxide and higher fluorides. 


EXPERIMENTAL 

Preparation of Chloryl Fluoride.—Potassium chlorate (1—2 g.) was placed in the long-necked 
silica flask A and bromine trifluoride (4—5 ml.) frozen in B (see Figure). A pressure of 40— 
50 cm. of dry nitrogen was maintained in the apparatus. The traps and bulb (250 ml.) had 
been previously thoroughly dried in vacuo. With A cooled in liquid air the contents of B were 
added in one portion. A was warmed, and after the initial reaction ceased the contents were 
heated under reflux for a few min. The vapours were collected in C. A and C were then held 
at —78° and D at —190° and the apparatus evacuated. Seal G was closed after distillation and 
the contents of D were distilled from —78° to E (at —190°). The bulb was finally sealed at H 
and J and weighed. A tap funnel containing excess of 0-1N-alkali was attached by rubber 
tubing at L, and with the tube of E cooled the glass was snapped inside the rubber and the bulb 


Jo vacuum 
Asn”, 


partly filled with alkali. In a typical run 1-26 g. of potassium chlorate gave 0-906 g. of gas. 
Hence the equivalent weight was 87-8 (Calc. for ClO,F: 86-5). Total chloride found was 
370 mg. (Calc. for ClO,F : 366 mg.). Fluoride found was 207 mg. (Calc. for ClO,F : 196 mg.). 
Ratio Cl: F 0-96. Ratio of equiv. of alkali required per calc. equiv. for ClO,F, 2-05. 

Reaction with Antimonic Fluoride.—An ampoule of the pentafluoride (1 g.) and a magnetic 
hammer were enclosed in a tube attached to F. After preparation of an excess of chloryl 
fluoride (from 1-5 g. of KCIO,) and distillation to E as before, the pentafluoride was distilled 
into F, and the ampoule tube and contents were sealed and removed. The chlory] fluoride was 
condensed into F. On allowing it to warm an exothermic reaction occurred with the separation 
of a white solid. (A white solid also formed when excess of the pentafluoride was used.) After 
a few min. at room temperature the excess of gas was pumped off through L, and the solid 
product sealed in trap F. This was weighed and the contents were subsequently hydrolysed 
with water. Aliquot portions of the hydrolysate were analysed for chloride (precipitated as 
silver chloride after reduction with sulphurous acid), fluoride (as calcium fluoride after 
decomposition with sodium carbonate), and antimony (iodometrically after precipitation as 
sulphide and dissolution in hydrochloric acid) [Found: equiv. (relative to SbF;), 298; Cl, 
10:7; Sb, 40:7; F, 37-5. ClO,SbF, requires equiv., 303; Cl, 11:7; Sb, 40-2; F, 37-7%]. 

Reaction with Tantalum Pentafluoride.—The product contained only 0-48 mole of chloryl 
fluoride per mole of pentafiuoride. The reaction is therefore slow at room temperature. 

Reaction with Boric Fluoride.—A 500-ml. bulb was used. The chloryl fluoride from 0-8 g. of 
KCI1O, was collected finally in F. Boric fluoride (400 ml., approx.) was condensed into F and 
the apparatus sealed at Hand M. The contents were allowed to warm and then kept at —78°. 
The excess of gas was condensed into E (at —190°), and trap F removed by sealing at J. A pale 
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yellow solid remained at room temperature. This was hydrolysed with alkali and the presence 
of the tetrafluoroborate ion shown by precipitation with nitron (chlorate ions were removed 
with sulphurous acid). In one experiment 0-80 g. of KCIO,; was converted into 0-94 g. of 
product equivalent to a 93% yield of ClO,BF,. The ratio F : Cl was found for two specimens 
(Found: F/Cl, 4:08, 3-98. ClO,BF, requires F/Cl, 4-00). Reaction with phosphoric fluoride 
was performed in a similar manner and the product had a F/CI ratio of 5-82. 

Reaction with Sulphur Trioxide.—This was carried out as was the antimonic fluoride reaction, 
with sulphur trioxide in a sealed ampoule. The reaction was violent and some product sprayed 
into E. The excess of gas was distilled into E with F at room temperature. The equivalent 
weight of product in trap F (calculated from the weight of sulphur trioxide) was 154 (Found : 
Cl/S/F, 1-04/0-985/1-00. SO,ClO,F requires equiv., 166-5; S/C1/F, 1-00/1-00/1-00). The residue 
was hydrolysed violently in water. 

Reactions with Bromine Trifluoride.—Silver chlorate and antimonious oxide (1: 1) were caused 
to react with the trifluoride, and the excess of solvent was removed in vacuo. The product was 
free from chlorine [Found: equiv., 701; Ag, 15-3; Br, 11-9. Calc. for (AgSbF, + SbBrF,) : 
equiv., 698; Ag, 15:5; Br, 11-5%]. Similarly, all chlorine was eliminated from ClO,SbF,. 
The product was BrF,SbF, (Found: Br, 22-9. Calc.: Br, 22-6%). 


This work was carried out during the tenure of a Turner and Newall Fellowship. 
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: 2:4: 6-Tetra-azaindenes and 1:4: 6-Triazaindan-2-ones from 
5-Aminopyrimidines. 
By F. L. Rose. 
[Reprint Order No. 5533.] 


Earlier work leading to the formation of 1: 2:4: 6-tetra-azaindenes 
through the diazotisation of 5-amino-4-methylpyrimidines has been extended, 
with only partial success, in endeavours to prepare members of the series 
most nearly isosteric with the important natural purines, and, in particular, 
adenine. 6-Methyl groups have been introduced into several 5-nitro- 
pyrimidines through substitution of a diethyl malonate radical for chlorine, 
followed by degradative hydrolysis, thus providing essential intermediates 
not available by direct nitration. The primary nitropyrimidinylmalonic 
esters were themselves reduced to the 5-aminopyrimidines, which by internal 
condensation gave triazaindan-2-ones, and immediately, by diazotisation, the 
corresponding 1: 2: 4: 6-tetra-azaindene-3 : 3-dicarboxylic esters. These 
substances were used in various subsidiary syntheses. Studies have also 
been made on the stepwise replacement of the chlorine atoms of 2: 4-di- 
chloropyrimidines by thiol and dialkylamino-groups. 


A PREVIOUS communication (Rose, J., 1952, 3448) described the preparation of a number 
of 5-amino-4-methylpyrimidines (III), and showed how the action of caustic alkalis on 
their diazonium salts led to the formation of 1 : 2 : 4 : 6-tetra-azaindenes (II), in a manner 
analogous to the production of indazoles from o-toluidines. Since the tetra-azaindene ring 
system was isomeric with that of purine, it was made the subject of a detailed investigation 
in the hope that substances might result which would interfere with cell purine metabolism 
and might therefore form the basis for new chemotherapeutic agents. It was indeed 
noted that the compound (I; R = H) showed some therapeutic action against a tubercular 
infection in mice. The preparation of the isomers of several biologically important purines 
was also described, but attempts to produce the analogue (II; R! = H, R® = NH,) of 
adenine failed. The dimethylamino-homologue (II; R! = H, R? = NMe,) was synthesised 
successfully, but attempted replacement of the dimethylamino-group by hydroxyl, for 
conversion into the chloro-derivative and amination, led to fission of the pyrimidine ring. 
Direct synthesis of either the hypoxanthine (II; R! =H, R* = OH) or the adenine 
isomer from the appropriate 5-aminopyrimidine (III; R! = H, R? = OH or NH,) was not 


[1954] 1:4: 6-Triazaindan-2-ones from 5-Aminopyrimidines. 4117 


possible because it was known that the latter, on diazotisation, would immediately form 
oxadiazole or triazole ring systems analogous to those in (IV) and (V), respectively. An 
indirect approach was therefore necessary, and the experimental work to that end, 
although it did not lead to full realisation of the objective, is here recorded, together with 
an account of a number of related syntheses. 

It had already (loc. cit.) been shown that interaction of the 5-diazonium group with the 
adjacent 4-methyl group was facilitated by the presence in the pyrimidine ring of a 
6-methylthio- and a 6-dimethylamino-substituent, so that ring-closure sometimes occurred 
even in acid solution, usually on heating. It was suggested that this process proceeded 
through the initial formation of diazosulphonium and triazolinium ionic structures, and one 
example of the former was isolated and characterised. A quaternary triazolinium salt 
(VI; X = I) has now been isolated. 

As a result of these earlier experiences with the action of nitrous acid on 5-amino- 
pyrimidines, several apparently feasible routes to (II; R! = H, R® = NH, or OH) were 
examined, based on the notion that the penultimate intermediates should carry substituents 
in position 7 of the 1 : 2: 4: 6-tetra-azaindene system, capable of conversion into amino(or 
hydroxy)-groups under comparatively mild experimental conditions. Of the possible 
routes, the amination of (Il; R! =H, R? = SMe) seemed the most likely to succeed. 
Attempts to prepare the necessary 5-aminopyrimidine (III; Rt =H, R* = SMe) by 
reduction of the corresponding 2-chloro-derivative (III; R! = Cl, R? = SMe) failed, the 
chlorine atom resisting the action of zinc dust under a variety of conditions, and also 
catalytic hydrogenation. Another method, requiring the initial preparation of (VII; 
R! = H, R* = OH), was successful as far as this point but was later abandoned for the 
time being because of the objectionable and persistent odour associated with the corre- 
sponding chloropyrimidine No readily characterisable products resulted from attempts 
to remove preferentially one of the methylthio-groups from (Il; Rt = R? = SMe) by 
heating it with excess of Raney nickel containing much occluded hydrogen (Mozingo’s 
method), nor was it possible to remove the methylthio- and the benzyl group from (II; 
R1 = SMe, R? = NMe’CH,Ph) to give the near homologue (II; Rt = H, R? = NHMe) of 
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(V) 
one of the required final products. Ultimately, compound (VIII; R! = Me, R? = NH,) 
was synthesised by a quite different approach. Of the several analogues prepared, this 
substance most nearly resembled the desired isomer of adenine, and was made in quantity 
for biological examination. Its synthesis resulted indirectly from the production of the 
nitropyrimidine intermediates required for some of the unsuccessful investigations listed 
above, and in particular of (VII; R'! = H or Me, R? = OH). It is now well established 
that in the pyrimidine series a nitro-group can be introduced directly into position 5 only 
when two or three groups such as amino or hydroxyl are already present in position 2, 4, 
or 6, so that the derivatives of (VII) referred to would not be available by nitration of the 
corresponding hydroxy-methyl(or dimethyl)pyrimidines. A method similar to that used 
by K6nigs and Fulde (Ber., 1927, 60, 2108) for the synthesis of 4-methyl-3-nitropyridine, 
namely, the interaction of 4-chloro-3-nitropyridine with ethyl malonate followed by 
degradation of the malonyl residue to methyl, was therefore adapted to the pyrimidine 
series. Thus, the dichloronitropyrimidine (IX; R = Me) was found to react efficiently 
with diethyl malonate in light petroleum in the presence of strong aqueous sodium 
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hydroxide. Anhydrous conditions, such as those used by Kénigs and Fulde (loc. cit.), 
were shown to be unnecessary. The red sodium salt of (X; R? = Me, R? = Cl, R® = H) 
separated from the reaction mixture and was converted into the oily act-form by treatment 
with cold mineral acid. The dichloropyrimidine (IX; R =H) reacted similarly with 
diethyl malonate, the organic solvent here being omitted, and gave (X; R! = H, R? = Cl, 
x3 — H) as a crystalline solid on acidification of the more soluble sodium derivative. 
Decomposition of the products by a short treatment with hot dilute hydrochloric acid 
gave the required intermediates (VII; R! = Me, R* = OH; and R! = H, R? = OH) in 
good yields. Both compounds were soluble in water, the former being much less soluble 
as its sodium salt. The product (VII; R! = Me, R? = OH) was reduced catalytically to 
the amine (III; R! = Me, R? = OH) and this with nitrous acid gave the oxadiazole 
(IV; R = Me). In this case only | mol. of nitrous acid was absorbed : the corresponding 
2-hydroxypyrimidine (III; Rt = R? = OH) reacted rapidly with 2 mols. of nitrous acid 
(Rose, loc. cit.) to give the oxadiazole (IV; R = OH) with nitrosation of the methyl group. 

Although in the above condensations with diethyl malonate only one chlorine atom in 
the dichloropyrimidines was replaced, despite the use of a large excess of ester, the second 
chlorine atom evidently retained a marked degree of lability, since the monochloro- 
compound (X; R! = Me, R*? = Cl, R? = H) reacted with cold dimethylamine, to give the 
amine (X; R! = Me, R? = NMeg, R® = H). 

The behaviour of other chloropyrimidines was then investigated. The dichloro- 
compound (VII; R! = R? = Cl) reacted similarly with diethyl malonate in light petroleum 
in the presence of strong sodium hydroxide solution, and the precipitated red sodium salt 
gave the solid ester (X; R! = Cl, R? = Me, R? =H). The melting point of the crude 
product was not raised by recrystallisation, and there was no evidence of a second isomer’s 
having been formed by alternative replacement of the 2-chlorine atom. The orientation 
given followed from the subsequent behaviour of the compound. The condensation of the 


malonate in aqueous acetone, and the product (X; R! = NH,, R? = Me, R®? = H) was 
obtained solid on acidification of the solution of the resultant sodium salt. Hydrolysis 
with hot dilute hydrochloric acid gave (XI), a nitropyrimidine which like (VII; R! = H 
and Me, R* = OH) could not be obtained by direct nitration. Hydrolysis with hot dilute 
sodium hydroxide solution for a few minutes gave a different product (XII), isolated as its 
disodium salt. 
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Three of the above nitropyrimidylmalonic esters (X; R! = Cl and NHg, R? = Me, 
R? = H; and R! = Me, R? = Cl, R® = H) were reduced catalytically over Raney nickel 
in cold methanol to form the corresponding 5-aminopyrimidines, all obtained solid. The 
amines were stable in the cold but, when they were heated in hot organic solvents, or more 
readily in hot aqueous solutions made alkaline with sodium carbonate or acid with hydro- 
chloric acid, intramolecular condensation occurred with the production of the corre- 
sponding triazaindan-2-ones (XIII; R! = Cl and NH,, R? = Me; and R! = Me, R? = Cl), 
substances which like the tetra-azaindenes were isosteric with the purines and therefore of 
potential pharmacological interest in their own right. An attempt to cause the last-men- 
tioned triazaindanone to react with ammonia to give the near analogue of adenine failed, 
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but aqueous dimethylamine at 140° gave (XIII; R? = Me, R? = NMe,) in good yield, the 
ester group remaining intact. Diazotisation of the 5-amino-group was effected in all three 
instances of (X), but because of the sensitivity of the amines to acid it was most satisfactory 
to add dilute hydrochloric acid to a solution of the amines in aqueous dioxan containing 
sodium nitrite. In no case when alkaline R-salt was used could even the transient 
existence of a diazonium group be demonstrated, but self-coupling occurred instantaneously, 
even in the acid solution, to yield the tetra-azaindenes (XIV; R1!= Cl and NH, R? = 
Me; and R!= Me, R?=Cl). The chlorine atom of the third compound was very 
reactive, being replaced by methoxyl to give (XIV; R!= Me, R?=OMe) during 
attempted recrystallisation from methanol. The products were colourless low-melting 
crystalline solids, soluble in hydrocarbon solvents. When stirred with dilute aqueous 
sodium hydroxide they slowly dissolved. Acidification of the resultant solutions with 
acetic acid precipitated, with effervescence, the monoesters (VIII; R! = Cl and NHg, 
R? = Me; and R! = Me, R?=Cl). The second of these showed the intense fluorescence 
typical of the parent tetra-azaindene (1; R =H). On treatment in phenol with gaseous 
ammonia at 140°, the first product gave material identical with the second, while the third 
ester gave the adenine analogue (VIII; R!= Me, R? = NH,) referred to earlier. In 
neither case was there any indication of carboxyamide formation. Several attempts were 
made to hydrolyse and decarboxylate the last compound, but all were unsuccessful. 

It seemed likely that the diesters (X) could be used to prepare a series of pyrimidyl- 
glycines, substances again of potential chemotherapeutic interest. To that end, diazotised 
p-chloroaniline was first coupled with (X; Rt = NH,, R*? = Me, R*® = H) in dilute sodium 
hydroxide solution. The insolubility of the product in alkali supported the expected 
structure (X; R! = NHg, R? = Me, R® = -N:N-C,H,Cl-f). Treatment for a few minutes 
with hot aqueous-ethanolic sodium hydroxide removed both ethoxycarbonyl groups 
forming the hydrazone (XV; R=NO,). This formulation was suggested by its behaviour 
on catalytic hydrogenation, when only 3 mols. of hydrogen were absorbed, yielding the 
corresponding 5-aminopyrimidine (XV; R = NH,), a substance exhibiting intense fluor- 
escence in ultra-violet light. The diester (X; R! = Cl, R®? = Me, R® = H) coupled like- 
wise with diazotised chloroaniline, giving (X; R? = Cl, R? = Me, R* = -N:C,H,Cl-9), 
and this with aqueous-ethanolic sodium hydroxide gave again a substance (XVI) having 
hydrazone properties. Sodium hypochlorite and the ester (X; R!= NHg,, R® = Me, 
R? = H) at 20° in dilute aqueous sodium hydroxide gave a good yield of the monochloro- 
ester (R? = Cl), and amongst the other related preparations was that of (I; R = NH,) 
obtained by reduction with sodium dithionite of the coupling product (I; R= 
*N°N-C,H,°SO,H-f). The new diamine reacted with nitrous acid to give a diazonium salt 
which produced a purple colour with alkaline R-salt. 

There remain several pyrimidine derivatives required as intermediates in the foregoing 
investigations. The bismethylthiopyrimidine (111; R’ = R® = SMe) needed for ring- 
closure to the corresponding tetra-azaindene was obtained in good over-all yield by the 
addition of methyl sulphate to the solution of the aminodimercaptopyrimidine resulting from 
the treatment of (VII; R! = R? = Cl) at 100° with excess of aqueous sodium sulphide. 
A similar sequence of reactions was used to prepare the homologue (III; R! = R? = 
SEt). The same dichloromethylnitropyrimidine with 1 mol. of sodium sulphide in aqueous 
dioxan at 20° gave the nitromonothiol of the presumed orientation (VII; R? = Cl, R? = SH) 
which was converted into the corresponding methylthio-compound (VII; R! = Cl, R? 
SMe) with methyl sulphate in aqueous sodium carbonate. Catalytic reduction then 
resulted in the required (III; R!=Cl, R? = SMe). The replacement of one or both 
chlorine substituents in the compound (VII; R! = R? = Cl) by amine residues could also 
be controlled by choice of experimental conditions. Thus excess of dimethylamine in 
aqueous dioxan gave the nitrodiamine (VII; R! = R? = NMey), subsequently reduced to 
the triamine (III; R! = R? = NMe,), while prior neutralisation of the dimethylamine 
with acetic acid permitted only monosubstitution resulting in the chloronitroamine (VII; 
R! = Cl, R? = NMe,). The orientation suggested for this compound followed previous 
experience with 2: 4-dichloropyrimidines, and was also in accord with the observed 
behaviour upon diazotisation of the corresponding 5-aminopyrimidine, formed by catalytic 
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reduction, which cyclised smoothly to the tetra-azaindene (II; R* = Cl, R® = NMe,). 
The benzylmethylaminopyrimidine (VII; R? = Cl, R? = NBzMe) was prepared similarly 
and was converted into the corresponding 2-methylthio-compound (VII; R! = SMe, 
R? = NMe-CH,Ph) by successive treatment with sodium sulphide and methyl sulphate. 
Both of these 5-nitropyrimidines were reduced to the 5-aminopyrimidines but, upon 
diazotisation and heating to form the tetra-azaindenes, the chlorine atom of the former 
was replaced by hydroxy], to give the compound (II; R? = OH, R* = NMe:CH,Ph). The 
methylthiopyrimidine behaved normally. 

Finally, the dipyrimidyl compound (V) was prepared, primarily for test as a trypanocide, 
from intermediates available in this research, namely, from (IX; R = H) by successive 
treatment with dimethylammonium acetate and hexamethylenediamine, followed by 
reduction and tetrazotisation of the resultant diamine. 


EXPERIMENTAL 
Tetra-azaindenes. 

5: 7-Dimethylthio-1 : 2: 4: 6-tetra-azaindene.—5-Amino-6-methyl-2 : 4-dimethylthiopyrimidine 
(18 g.) in water (200 c.c.) and concentrated hydrochloric acid (20 c.c.) was diazotised at 
5—10° by the slow addition of sufficient sodium nitrite (6-2 g.) in water (10 c.c.) to give a 
reaction on starch—-iodide paper. The solution of the diazonium salt (which gave a red colour 
with alkaline R-salt solution and did not evolve nitrogen at room-temperature) was added 
during 8 min. to vigorously stirred 4N-sodium hydroxide (150 c.c.) kept below 10°. After 
a further 10 minutes’ stirring without cooling, part of the excess of sodium hydroxide was 
neutralised by acetic acid, and the product (4-5 g.) was finally precipitated by adjustment to 
pH 7 after treatment with charcoal and filtration. Crystallised from 2-ethoxyethanol, it had 
m. p. 270—272° (Found: C, 39-9; H, 4:0; N, 25-2. C,H,N,S, requires C, 39-65; H, 3-75; 
N, 264%). 

5 : 7-Diethylthio-1 : 2: 4: 6-tetra-azaindene.—5-Amino-2 : 4-diethylthio -6-methylpyrimidine 
(11-45 g.) was diazotised and treated with sodium hydroxide as described above. The product 
crystallised from benzene in prisms, m. p. 135—136° (Found: C, 45-3; H, 5-0; N, 24-9. 
C,yH,.N,S, requires C, 45-0; H, 5-0; N, 23-35%). 

5-Chloro-7-dimethylamino-1 : 2 : 4 : 6-tetva-azaindene.—5-Amino-2-chloro-4-dimethylamino-6- 
methylpyrimidine (4-7 g.) in water (50 c.c.) and concentrated hydrochloric acid (9 c.c.) was 
diazotised and converted into the azaindene in 2N-sodium hydroxide (120 c.c.) as described 
above. The crude product (1-4 g.), crystallised from dimethylformamide, had m. p. 240—250° 
(decomp.) (Found: C, 42-75; H, 4:15; N, 34-75. C,H,N,;Cl requires C, 42-6; H, 4:6; N, 
35:5%). The chloro-compound was recovered unchanged after attempted reduction with 
hydrogen in water at 50 atm./100—110° over palladium-charcoal. Attempted reduction with 
stannous chloride in boiling concentrated hydrochloric acid for 15 hr. gave, after dilution, 
removal of the tin as sulphide, and adjustment to pH 5, only 7-dimethylamino-5-hydroxy- 
1: 2:4: 6-tetrva-azaindene, m. p. 360° (Found, after drying at 100°: C, 44-55; H, 5-0; N, 38-2. 
C,H,ON,,4H,O requires C, 44:7; H, 5:3; N, 37-2%). 

7-Benzylmethylamino-5-hydroxy-1 : 2: 4 : 6-tetra-azaindene.—5-Amino-4-benzylmethylamino- 
2-chloro-6-methylpyrimidine (14 g.) in 2N-hydrochloric acid (120 c.c.) was diazotised at 20°. 
The solution was heated to, and kept at, the boil until it no longer gave a red colour with 
alkaline R-salt solution. There was no evolution of gas (nitrogen). The product (9-2 g.) 
precipitated on neutralisation with ammonia was purified by a second precipitation from hot 
acid; it decomposed above 300° and was free from chlorine (Lassaigne’s test) (Found: C, 61-3; 
H, 5:3; N, 27-0. C,,3H,,;ON; requires C, 61-15; H, 5-1; N, 27-45%). 

7-Benzylmethylamino-5-methylthio-1 : 2: 4: 6-tetra-azaindene.—The solution obtained by 
diazotising 5-amino-4-benzylmethylamino-6-methyl-2-methylthiopyrimidine (6-85 g.) in 4N- 
hydrochloric acid (18 c.c.) at 10—15° was kept at 70° until a coupling reaction with 
alkaline R-salt was no longer obtained. Ring-closure was rapid and the oily precipitate 
solidified (5-5 g.) when excess of sodium acetate was added. The product crystallised from 
butanol in straw-coloured needles, m. p. 225° (decomp.) (Found: C, 59:3; H, 5-4; N, 24-5. 
C,,H,,;N;S requires C, 58-95; H, 5-25; N, 24-55%). 

5-Amino-3 : 3-diethoxycarbonyl-7-methyl-1 : 2 : 4 : 6-tetra-azaindene.—2- Amino -4-diethoxy- 
carbonylmethyl-6-methyl-5-nitropyrimidine (20 g.) was reduced in methanol (420 c.c.) with 
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hydrogen under pressure in the presence of Raney nickel. The solution of the diamine, which 
was not isolated, was filtered from catalyst, and the bulk of the solvent evaporated under 
reduced pressure at <30°. Dioxan (70 c.c.) was added and the contaminant crystalline residue 
(2-5 g., later shown to be the triazaindanone, see below) filtered off. Sodium nitrite (5 g.) in 
water (15 c.c.) was added, followed dropwise during 7 min. by 5N-hydrochloric acid (17 c.c.) 
(acid to Congo-red) with stirring below 20°. Water (150 c.c.) was added and the product (7-6 g.) 
collected after it had solidified. It crystallised from xylene in colourless needles, m. p. 136— 
140° (Found: C, 48-9; H, 5:4; N, 24-2. C,,H,,;0,N, requires C, 49-15; H, 5-1; N, 23-9%), 
soluble in benzene and methanol. The solutions did not fluoresce in ultra-violet light. Partial 
hydrolysis occurred when the product (2-2 g.) was dissolved in N-sodium hydroxide (30 c.c.) and 
reprecipitated with acetic acid (effervescence), to give 5-amino-3-ethoxycarbonyl-7-methyl- 
1: 2:4: 6-tetva-azaindene (1-6 g.) which crystallised from water (charcoal) in colourless needles, 
m. p. 263—265° (decomp.) when inserted at 230° (Found : C, 49-0; H, 4-9; N, 30-5. C,H,,0,N, 
requires C, 48-9; H, 5-0; N, 31-7%). Solutions of this substance exhibited strong blue 
fluorescence in ultra-violet light. The same amine (crystalline form, fluorescence, mixed m. p.) 
was obtained when gaseous ammonia was passed into 5-chloro-3-ethoxycarbonyl-7-methyl- 
1: 2:4: 6-tetra-azaindene (5 g., see below) in phenol (10 g.) at 140° until a sample gave complete 
solution in dilute hydrochloric acid. Addition of water and a little methanol gave the crude 
product (3 g.) which crystallised from water (charcoal) (1-65 g.). 

The dioxan-insoluble substance obtained during the reduction described above was formed 
in relatively greater quantity if the methanolic filtrates were set aside or warmed to 50°. The 
product decomposed without melting when heated, and was almost insoluble in organic solvents, 
including dimethylformamide, but dissolved in dilute aqueous sodium carbonate and sodium 
hydroxide, the solutions giving the colourless crystalline hydrochloride of 5-amino-3-ethoxy- 
carbonyl-7-methyl-4 : 6-di-azaoxindole when added to excess of hot dilute hydrochloric acid 
(Found: C, 44:1; H, 5-0; N, 21-4; Cl, 12-55. Cy 9H,,0,N,,HCl requires C, 44-05; H, 4-75; 
N, 20-55; Cl, 13-0%). 

5-Chloro-3 : 3-diethoxycarbonyl-T-methyl-1 : 2 : 4: 6-tetra-azaindene.—5-Amino-2-chloro -4-di- 
ethoxycarbonyl-6-methylpyrimidine (30 g.) in dioxan (60 c.c.) was diazotised by the method 
described immediately above, with sodium nitrite (7-5 g.) in water (20 c.c.) and 4N-hydrochloric 
acid (30 c.c.). After 10 min., water (700 c.c.) was added and the precipitate (26-7 g.) was 
collected. The product crystallised from benzene—light petroleum in rectangular prisms, m. p. 
89° (Found: C, 46-0; H, 3-3; N, 17-1. C,,H,,;0,N,Cl requires C, 46-1; H, 4:15; N, 17-9%). 
Partial hydrolysis to 5-chloro-3-ethoxycarbonyl-7-methyl-1 : 2: 4: 6-tetra-azaindene was effected 
by suspending the diester (27 g.) in water (50 c.c.) and adding 11N-sodium hydroxide (28 c.c.) 
below 50°. Acidification (charcoal) of the solution precipitated a yellow solid (13-9 g.; m. p. 
204°), which gave colourless fibrous needles, m. p. 208° (decomp.), when a portion (1 g.), 
redissolved in 0-5N-sodium carbonate (40 c.c.), was treated with acetic acid (Found: C, 45-4; 
H, 4:2; N, 22-8. C,H,O,N,Cl requires C, 44-9; H, 3-75; N, 23-3%). The product crystallised 
from acetic acid, but with some production of ionic chlorine. 

7-Chloro-3 : 3-diethoxycarbonyl-5-methyl-1 : 2: 4: 6-tetra-azaindene.—5-Amino-4-chloro-4-di- 
ethoxycarbonylmethyl-2-methylpyrimidine (20 g.) in dioxan (50 c.c.) was diazotised as above, 
with sodium nitrite (5 g.) in water (15 c.c.) and 4N-hydrochloric acid (22 c.c.) below 30°. After 
10 min., water (150 c.c.) was added and the oily product stirred until solid (15-75 g.; m. p. 64°). 
It was freely soluble in organic solvents but was obtained as colourless prisms, m. p. 67-5°, when 
a solution in benzene was concentrated under reduced pressure (Found: C, 46-0; H, 4:2; N, 
17-8. Cy .H,,0,N,Cl requires C, 46-1; H, 4:15; N, 17-9%). Earlier attempts to crystallise 
the chloro-compound from hot methanol gave colourless rectangular prisms, m. p. 124°, of 
3 : 3-diethoxycarbonyl-7-methoxy-5-methyl-1 : 2: 4: 6-tetra-azaindene (Found: C, 50-4; H, 5-4; 
N, 18-8. C,3;H,,0;N, requires C, 50-65; H, 5-2; N, 18-2%). 

Dissolution of the chlorodiethoxycarbonylmethyl compound (1 g.) in cold N-sodium 
hydroxide (17 c.c.) followed by acidification with dilute acetic acid (effervescence) gave 7-chloro- 
3-ethoxycarbonyl-5-methyl-1 : 2: 4: 6-tetra-azaindene (0-5 g.) which formed cream-coloured 
crystals (from aqueous acetone), m. p. 211° (decomp.) inserted at 200° (Found: C, 45-2; H, 
4:0; N, 21-9. C,H,O,N,Cl requires C, 44-9; H, 3-75; N, 23-3%). 

This chloro-compound was converted into 7-amino-3-ethoxycarbonyl-5-methyl-1 : 2:4: 6- 
tetra-azaindene as described above for the 5-amino-7-methyl isomer by passing ammonia into 
the 7-chloro-tetra-azaindene (5 g.) in phenol (10 g.) at 140—150°. After cooling, the phenol was 
extracted with benzene (3 x 100c.c.), and the residual solid (3-95 g.; m. p. 246—250°) collected 
with water. A solution in dilute aqueous sodium hydroxide (charcoal) gave colourless crystals, 
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m. p. 256° (decomp.), when acidified with dilute acetic acid (Found, after drying at 60°: C, 45-1; 
H, 5:1; N, 31-1. C,H,,O,N;,H,O requires C, 45-2; H, 5-4; N, 29-3%). 

3: 5-Diamino-7-methyl-1 : 2 : 4 : 6-tetra-azaindene.—Sulphanilic acid (25 g.) in water (250 c.c.) 
and 11N-sodium hydroxide (15 c.c.) was reprecipitated with concentrated hydrochloric acid 
(52 c.c.) and diazotised at 10—20° with sodium nitrite (10 g.) in water (50 c.c.). 11N-Sodium 
hydroxide was added to make the whole alkaline to Brilliant Yellow, followed immediately by a 
solution of 5-amino-7-methyl-1 : 2: 4: 6-tetra-azaindene (23-5 g.) in water (250 c.c.) and 11N- 
sodium hydroxide (15 c.c.). The intermediate azo-derivative was precipitated as an orange 
crystalline solid when the resultant solution was made acid at 40—50° to Congo-red with con- 
centrated hydrochloric acid. It was collected, washed with water and methanol, then dried 
(36 g.). The diamine was obtained initially as the crystalline (presumed) hydrogen sulphite 
(22 g.) by adding sodium dithionite (hydrosulphite) (30 g.) during 5 min. to a supension of the 
azo-compound (36 g.) in water (100 c.c.) at 80—100°, and then cooling. The hydrochloride 
(17 g.) crystallised when a solution of this sulphite (31 g.) in N-hydrochloric acid (220 c.c.) was 
boiled gently for 10 min., nearly neutralised with 11N-sodium hydroxide, and cooled. It 
crystallised from water in golden needles, not melted at 300° (Found, after drying at 100°: 
C, 34-9; H, 4-7; N, 39-9; Cl, 16-35. C,H,N,,HC1,4H,O requires C, 34:35; H, 4-75; N, 40-1; 
Cl, 16-95%). The diamine hydrochloride was soluble in dilute aqueous sodium hydroxide or 
excess of hydrochloric acid. It gave a diazonium salt with nitrous acid (purple colour with 
alkaline R-salt). 


Reaction of chlovopyrimidines with diethyl malonate, and products derived thereby. 

2-A mino-4-diethoxycarbonylmethyl-6-methyl-5-nitropyrimidine.—11N-Sodium hydroxide (37-5 
c.c.) was added during 10 min. to a vigorously stirred solution of 2-amino-4-chloro-6- 
methyl-5-nitropyrimidine (23-8 g.) in diethyl malonate (30 g.) and acetone (100 c.c.) cooled in 
a water-bath. The internal temperature rose to 38°. After a further 10 min., water (100 c.c.) 
was added to dissolve the sodium derivative which had separated (charcoal), and the product 
was precipitated by acetic acid (yield, 33 g.; m. p. 127—128°). It crystallised from toluene in 
yellow prisms, m. p. 129-5° (Found: C, 46-2; H, 4:9; N, 18-0. C,.H,,0,N, requires C, 46-15; 
H, 5:15; N, 17-95%). 

2-Amino-4 : 6-dimethyl-5-nitropyrimidine.—The above ester (46:8 g.) in 2Nn-hydrochloric 
(300 c.c.) was refluxed with stirring for 23 hr., the ethanol formed being allowed to distil off. 
The hot solution (charcoal) was made alkaline with ammonia and chilled; the precipitated 
product (20-2 g.; m. p. 221—223°) crystallised from water in yellow needles, m. p. 225° (Found : 
C, 43:0; H, 4-8; N, 32-7. C,H,O,N, requires C, 43-0; H, 4-8; N, 33-3%). 

4-Carboxymethyl-2-hydroxy-6-methyl-5-nitropyrimidine.—The above ester (3 g.) was refluxed 
in 1-5N-sodium hydroxide (23 c.c.) until test showed no precipitation with acid (10 min.). The 
resultant solution was taken to dryness under reduced pressure after adjustment of the pH to 
6—7 by acetic acid. Sodium acetate was removed by digestion with ethanol (20 c.c.), and the 
yellow crystalline disodium salt of the product was precipitated from a solution of the residue 
in water (3 c.c.) (charcoal) by excess of ethanol (Found, after drying at 50°: C, 24-9; H, 3-2; 
N, 13-2; ash, 35. C,;H,;0;N,Na,,2H,O requires C, 24-6; H, 3-1; N, 14:3; ash, 36-2%). 

Diethyl «-(2-Amino-6-methyl-5-nitro-4-pyrimidinyl)-a-chloromalonate.—Sodium hypochlorite 
solution (20 c.c.; bleach liquor) was added during 15 min. to the above ester (5-2 g.) stirred in 
solution in 11N-sodium hydroxide (3 c.c.) and water (50 c.c.) at 20°. The precipitated chloro- 
derivative (4:65 g.) crystallised from benzene in pale yellow needles, m. p. 122° (Found: C, 
41-6; H, 4:3; N, 17-1; Cl, 11-5. C,,H,;0,N,Cl requires C, 41:6; H, 4:35; N, 16-15; Cl, 
10-2%). 

Diethyl «-(2-Amino-6-methyl-5-nitro-4-pyrimidinyl)-«-p-chlorophenylazomalonate.—p-Chloro- 
aniline (16-5 g.) in water (250 c.c.), and concentrated hydrochloric acid (15 c.c.) was diazotised 
at 20° by the rapid addition of sodium nitrite (7-5 g.) in water (30 c.c.), and the diazonium 
solution was added to the above ester (31-2 g.) in water (500 c.c.) and 11N-sodium hydroxide 
(30 c.c.), kept at 5—10°. After 30 min. the azo-compound was collected (36-9 g.; m. p. 171°). 
It crystallised from ethanol in orange prisms, m. p. 173° (decomp.) (Found: C, 47-7; H, 4:5; 
N, 20:0; Cl, 7:8. C,g3H,,0,N,Cl requires C, 48-0; H, 4:2; N, 18-7; Cl, 7-9%). 

2-A mino-6-p-chlorophenylhydrazono-4-methyl-5-nitropyrimidine.—A mixture of the above 
chlorophenylazo-derivative (6 g.), ethanol (70 c.c.), and 11N-sodium hydroxide (10 c.c.) was 
refluxed for 15 min., cooled, neutralised with acetic acid, and diluted with water (140c.c.). The 
hvdvazone [3-25 g.; m. p. 242° (decomp.)] was obtained as yellow crystals, m. p. 246° (decomp.), 
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by adding boiling water (15 c.c.) to a solution of the crude product in dimethylformamide 
(charcoal) (Found: C, 46-7; H, 3-6; N, 25-6. C,,H,,O,N,Cl requires C, 47-0; H, 3-6; N, 
27-4%). 

2 : 5-Diamino-6-p-chlorophenylhydrazono-4-methyl-6-pyrimidine.—The above nitropyrimidine 
(2 g.) in dimethylformamide (25 c.c.) was reduced at room temperature and pressure in the 
presence of Raney nickel (H, uptake, 465 c.c.; theory for NO,, 590 c.c.). After filtration from 
catalyst, boiling water (125 c.c.) was added and the product (1-15 g.) crystallised on cooling. It 
recrystallised from butanol as dark iridescent platelets, m. p. 228° (Found: C, 51-4; H, 4-7; 
N, 29-1. C,H ,,N,Cl requires C, 52-1; H, 4:7; N, 30-4%). Solutions of the diamine in organic 
solvents exhibited intense fluorescence in ultra-violet light. 

Diethyl 2-Chloro-6-methyl-5-nitro-4-pyrimidinylmalonate.—2 : 4-Dichloro-6-methyl-5-nitro - 
pyrimidine (125 g.) dissolved in diethyl malonate (183-5 g.) and light petroleum (b. p. 60—80°; 
500 c.c.) was stirred vigorously (cooling with ice-water), and 11N-sodium hydroxide (126 c.c.) 
was added at such a rate that the temperature kept below 30° (5 min.). After 15 min., the red 
sodium salt that had separated as a viscous paste was collected, washed with more light 
petroleum, and redissolved in cold water (charcoal); 5N-sulphuric acid was added to make the 
whole just acid to Congo-red. The product was precipitated as a pale yellow solid (152 g.; m. p. 
48—50°). It crystallised from light petroleum (b. p. 60—80°) in colourless fibrous needles, 
m. p. 48—50° (Found: C, 44-0; H, 4:3; N, 12-2. C,,H,,0,N,Cl requires C, 43-45; H, 4:2; N, 
12-65%). 

Diethyl 5-Amino-2-chloro-6-methyl-4-pyrimidinylmalonate.—The above nitropyrimidine (50 g.) 
in methanol (400 c.c.) was reduced with hydrogen under pressure in the presence of Raney nickel. 
The solution was filtered at 45°, then chilled in ice-salt, and the crystalline amine (23 g.; m. p. 
141°) was collected. Recrystallised from methanol, it formed colourless needles, m. p. 141 
(Found: C, 47-5; H, 5:2; N, 14:4. C,,H,,0,N,Cl requires C, 47-75; H, 5:3; N, 13-95%). 

5-Chlovo-3-ethoxycarbonyl-7-methyl-1 : 4 : 6-triazaindan-2-one.—The precipitate formed when 
excess of hydrochloric acid was added to a solution of the above amine (1 g.) in boiling 2N-sodium 
carbonate (10 c.c.) was collected and heated in a little water. The initial solution gave place 
to a crystalline deposit of the product (0-4 g.) as colourless prisms, which decomposed between 
200° and 300° without melting and was insoluble in organic solvents (Found: C, 47-4; H, 3-9; 
N, 15:6. Cy9H0,N,Cl requires C, 46-95; H, 3-9; N, 16-45%). The compound, dissolved in 
dilute sodium carbonate solution, gave a deep purple precipitate with ferric chloride in dilute 
acetic acid. 

Diethyl «-(2-Chloro-6-methyl-5-nitro-4-pyrimidinyl)-a-p-chlorophenylazomalonate.—Prepared as 
described for the corresponding 2-aminopyrimidine, from the above 2-chloropyrimidine (13-2 g.) 
and diazotised p-chloroaniline (6-6 g.), this compound crystallised from ethanol in red prisms, 
m. p. 98° (Found: C, 46-2; H, 3-6; N, 14:0; Cl, 15-3. C,g,H,,O,N;Cl, requires C, 45-95; H, 
3-6; N, 14:85; Cl, 15-15%). 11N-Sodium hydroxide (10 c.c.) was added to the azo-derivative 
(6-8 g.) in boiling ethanol (50 c.c.), and after 5 min. the mixture was diluted with water (50 c.c.) 
and acidified with concentrated hydrochloric acid. The precipitate of ethyl «-p-chlorophenylazo- 
a-(2-hydroxy-6-methyl-5-nitro-4-pyrimidinyl) acetate was collected, and purified by reprecipitation 
(3 g.) from solution (charcoal) in dilute aqueous sodium carbonate. It was insoluble in organic 
solvents and had m. p. 234° (decomp.) (Found: C, 44:6; H, 2-8; N, 18-7; Cl, 10-6. 
C43H 1g0;N,Cl requires C, 44-4; H, 2-85; N, 19-9; Cl, 10-1%). 

Diethyl «a-(4-Chloro-2-methyl-5-nitro-6-pyrimidinyl)malonate.—Prepared as described above 
for the 2-chloro-4-methyl isomer by using 4 : 6-dichloro-2-methyl-5-nitropyrimidine (104 g.) in 
diethyl malonate (160 g.), light petroleum (b. p. 40—60°, 500 c.c.), and 11N-sodium hydroxide 
(200 c.c.) added during 15 min. The red sodium salt was collected and washed with brine. 
A little was crystallised by adding acetone to a solution in ethyl acetate (charcoal); it formed 
orange-red prisms, m. p. 150—152° (Found: Cl, 40-85. C,,H,,0,N,ClNa requires Cl, 10-75%), 
and was decomposed as above with 5n-sulphuric acid. The product was a yellow viscous oil 
(150 g.). Sufficient was obtained for analysis by distillation of 10 g. (b. p. 140—142°/0-01 mm.) 
before the remainder decomposed violently (Found: C, 43-85; H, 4:8. C,.H,,0,N,Cl requires 
C, 43-45; H, 4-2%). 

Diethyl 6-Dimethylamino-2-methyl-5-nitro-4-pyrimidinylmalonate.—The above chloronitro- 
pyrimidine (6-65 g.) in methanol (15 c.c.) was added to dimethylamine (14 c.c.; 32% aqueous 
solution) below 10°. Addition of acetic acid gave the dimethylaminopyrimidine as an oil which 
solidified (5-4 g.; m. p. 89°). It formed golden-yellow needles, m. p. 89°, from light petroleum 
(b. p. 60—80°) (Found: C, 49-3; H, 5-5; N, 15-4. C,H g9O,N, requires C, 49-4; H, 5-9; N, 
16-45%). 
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Diethyl 5-Amino-4-chloro-2-methyl-6-pyrimidinylmalonate.—The above chloronitropyrimidine 
(6 g.) was reduced in methanol in the presence of Raney nickel at room temperature and pressure. 
After filtration from catalyst and distillation of the solvent under reduced pressure, the solid 
residue was crystallised from light petroleum (b. p. 100—120°). The product (3-5 g.) formed 
colourless needles, m. p. 90° (Found: C, 48-1; H, 5:3; N, 14:4. C,,.H,,0,N,Cl requires C, 
47-75; H, 5-3; N, 13-95%). 

7-Chloro-3-ethoxycarbonyl-5-methyl-1 : 4 : 6-triazaindan-2-one.—The above aminopyrimidine 
(2-6 g.) was refluxed for 5 min. in water (30 c.c.) containing sodium carbonate (3 g.; anhydrous). 
The triazaindanone, which decomposed without melting when heated, was precipitated by 
acetic acid, and purified by a further precipitation (1-25 g.) (Found: C, 46-7; H, 4:1; N, 16-5; 
Cl, 13-65. Cy9H0,N,Cl requires C, 46-95; H, 3-9; N, 16-45; Cl, 13-9%). 

7-Dimethylamino-3-ethoxycarbonyl-5-methyl-1 : 4 : 6-triazaindan-2-one.—The above chlorotri- 
azaindanone (10-8 g.) and dimethylamine (80 c.c.; 30% aqueous solution) were heated at 140° 
for 1 hr. Addition of concentrated hydrochloric acid until faintly alkaline and cooling 
precipitated the base (9-8 g.)._ It gave colourless prisms (not melted on heating) when a solution 
in dilute sodium hydroxide was neutralised with acetic acid (Found: C, 54-8; H, 5-9; N, 21-1. 
C,,H,,0,N, requires C, 54-55; H, 6-05; N, 21-2%). 

4-Hydvoxy-2 : 6-dimethyl-5-nitropyrimidine.—The solution obtained when diethyl 4-chloro-2- 
methyl-5-nitro-6-pyrimidinylmalonate (50 g.) was refluxed for 1} hr. with vigorous stirring in 
4n-hydrochloric acid (80 c.c.) was evaporated to dryness under reduced pressure, finally at 100°. 
The crude product crystallised from water in colourless needles (18 g.), m. p. 222° (Found: C, 
42-8; H, 4:3; N, 25-5. C,H,O,N, requires C, 42-6; H, 4:15; N, 24-9%). The product gave a 
sparingly soluble sodium salt when added to dilute aqueous sodium hydroxide. 

5-Amino-4-hydroxy-2 : 6-dimethylpyrimidine.—The above nitropyrimidine (6 g.) in methanol 
(100 c.c.) was reduced in the presence of palladium—charcoal at room temperature and pressure. 
The methanol was distilled from the filtered suspension, and the amine (3 g.) crystallised from 
ethanol as colourless needles, m. p. 200° (Found: C, 51-9; H, 6-6; N, 31-3. C,H,ON, requires 
C, 51-8; H, 6-45; N, 30-2%). Addition of sodium nitrite to the amine in dilute hydrochloric 
acid gave initially a solution of a diazonium compound (purple colour with alkaline R-salt) 
which on standing, or more rapidly on warming, gave a crystalline precipitate of 2 : 6-dimethyl- 
1’ : 2’: 3’-oxadiazolo(5’ : 4-4: 5)pyrimidine, that crystallised from water in cream-coloured 
rectangular plates, m. p. 188° (Found: C, 42-3; H, 4:6; N, 32-7. C,H,ON,,H,O requires 
C, 42°85; H, 4:7; N, 33-35%). 

Diethyl 4-Chloro-5-nitro-6-pyrimidinylmalonate.—4 : 6-Dichloro-5-nitropyrimidine (29-1 g.) 
was dissolved in diethyl malonate (73 c.c.). Water (300 c.c.) was added, followed during 
10 min. by 11N-sodium hydroxide (91 c.c.) with vigorous stirring, the temperature being kept 
at 25—30°. After a further 5 min. the filtered suspension was made acid with concentrated 
hydrochloric acid. The precipitated product (16-1 g.), which solidified, crystallised from 
methanol in pale yellow prisms, m. p. 104° (Found: C, 40-9; H, 4:1; N, 13-6. C,,H,,0,N,Cl 
requires C, 41-55; H, 3-8; N, 132%). 

4-Hydroxy-6-methyl-5-nitropyrimidine.—The above ester (2-5 g.), concentrated hydrochloric 
acid (7-5 c.c.), and water (5 c.c.) were refluxed for 14 hr. The resultant solution (charcoal) was 
evaporated to dryness under reduced pressure. The crystalline residue of the hydrochloride 
(1-1 g.) of the product was collected under acetone. It was recrystallised when acetone was 
added to its very concentrated solution in water, and then had m. p. 254° (Found, after drying 
at 100°: C, 28-5; H, 3-9; N, 21-6. C,H,O,N,,HCI,H,O requires C, 28-65; H, 3-8; N, 20-05%). 
The sodium salt was very soluble in water. 


5-Nitro- and 5-amino-pyrimidines prepared by other routes. 

4-Chlovo-6-dimethylamino-5-nitropyrimidine.—Dimethylamine (84 c.c.; 30% aqueous solu- 
tion), made neutral to Brilliant-yellow with acetic acid, was added to a stirred solution of 
4 : 6-dichloro-5-nitropyrimidine (27 g.) in dioxan (100 c.c.) at 15—20°. After 2 hr., water 
(300 c.c.) was added and the product (26-8 g.; m. p. 102°) collected. It crystallised from aqueous 
dioxan in bright yellow needles, m. p. 104° (Found: C, 36-0; H, 3:5; N, 25-7; Cl, 17-5. 
C,H,O,N,Cl requires C, 35-6; H, 3-45; N, 27-7; Cl, 17-5%). 

2-Chlovo-4-dimethylamino-6-methyl-5-nitropyrimidine.—This was prepared as_ described 
immediately above but with dimethylamine (162 c.c.), 2 : 4-dichloro-6-methyl-5-nitropyrimidine 
(62 g.), and dioxan (240 c.c.). The reaction mixture was stirred 16 hr. and the precipitated 
product (33-4 g.; m. p. 97—98°) collected without addition of water. It crystallised from light 
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petroleum (b. p. 80—100°) in golden needles, m. p. 97° (Found: C, 38-9; H, 4:05; N, 24-9. 
C,H,O,N,Cl requires C, 38-8; H, 4:15; N, 25-85%). Reduction of the nitro-compound (30 g.) 
in methanol in the presence of Raney nickel (pressure) gave 5-amino-2-chloro-4-dimethylamino-6- 
methylpyrimidine (21-3 g.) which crystallised from light petroleum in colourless needles, m. p. 63° 
(Found: C, 44-9; H, 6-0; N, 29-95. C,H,,N,Cl requires C, 45-05; H, 5-9; N, 30-05%). 

2 : 4-Bisdimethylamino-6-methyl-5-nitropyrimidine.—Interaction of 2 : 4-dichloro-6-methy]l-5- 
nitropyrimidine (52 g.) in dioxan (200 c.c.) with dimethylamine (225 c.c.; 20% aqueous solution) 
not previously neutralised with acetic acid gave the bisdimethylamino-compound (48 g.; m. p. 
108—110°) which crystallised from light petroleum (b. p. 100—120°) in golden needles, m. p. 
122—-123° (Found: C, 48-4; H, 6-85; N, 30-85. C,H,,0,N; requires C, 48-0; H, 6-65; N, 
31:1%). Reduction of this substance in methanol in the presence of Raney nickel gave 5-amino- 
2 : 4-bisdimethylamino-6-methylpyrimidine which crystallised from light petroleum (b. p. 60— 
80°) in pale yellow flat needles, m. p. 75° (Found : C, 55-1; H, 8-55; N, 36-15. C,H,,N,; requires 
C, 55-4; H, 8-7; N, 35-9%). 

4-Benzylmethylamino-2-chloro-6-methyl-5-nitropyrimidine.—Prepared as described for the 
above corresponding 4-dimethylaminopyrimidine (reaction temp. 35—40°), but with 2: 4-di- 
chloro-6-methyl-5-nitropyrimidine (30 g.), in dioxan (120 c.c.), and benzylmethylamine (42 g.) in 
water (50 c.c.) and acetic acid (neutralise). The initial gummy product solidified under methanol 
and, crystallised from butanol, had m. p. 114° (Found : C, 53-3; H, 4-3; N, 19-0. C,,;H,,0,N,Cl 
requires C, 53-35; H, 4-45; N, 19-15%). Reduction in ethyl acetate in the presence of Raney 
nickel gave 5-amino-4-benzylmethylamino-2-chloro-6-methylpyrimidine purified as the picrate 
(m. p. 146°) for analysis (Found: C, 46-4; H, 3-8; N, 20-8. C,,;H,,N,Cl,C,H,O,N, requires 
C, 46-35; H, 3-65; N, 19-9%). 

1 : 6-Di-(4-dimethylamino-5-nitro-6-pyrimidylamino) hexane.—4 -Chloro-6-dimethylamino- 5 - 
nitropyrimidine (12 g.) was added quickly to a well-stirred mixture of hexamethylenediamine 
(3-6 g.) and triethylamine (12 g.) in dioxan (20 c.c.), and the whole gradually warmed to 70°. 
The dioxan was distilled off underre duced pressure and water (100c.c.) added, followed by concen- 
trated acid to acidity to Congo-red. The crude product (11 g.) was collected and crystallised from 
butanol in golden prisms, m. p. 142—144° (Found, after drying at 100°: C, 49-4; H, 6-8; N, 
30-2. C y,H,,0,N49,}BuOH requires C, 48-9; H, 6-5; N, 30-0%). 

2-Chloro-4-methyl-6-methylthio-5-nitropyrimidine.—Sodium sulphide nonahydrate (12 g.) in 
water (20 c.c.) was added during 20 min. to 2: 4-dichloro-6-methyl-5-nitropyrimidine (10-4 g.), 
stirred in dioxan (40 c.c.) and cooled to 10—15°. After 1 hr., water (100c.c.) was added, followed 
by acetic acid just to remove the alkaline reaction to Brilliant-yellow. The filtered (charcoal) 
suspension was made acid to Congo-red with concentrated hydrochloric acid. The precipitated 
thiol was redissolved in water (150 c.c.) and sodium carbonate (5-3 g.; anhydrous), and methyl 
sulphate (4 c.c.) was stirredin. After 2 hr., the crude product (6-7 g.) was collected. Crystallised 
from light petroleum, it had m. p. 68—69° (Found : C, 34-05; H, 2-85; N, 19-85. C,H,O,N,SCl 
requires C, 32-8; H, 2-75; N, 19-15%). 

5-A mino-2-chloro-4-methyl-6-methylthiopyrimidine.—The above nitro-compound (11 g.) was 
reduced in methanol (200 c.c.) in the presence of Raney nickel at room temperature and pressure. 
After filtration and removal of the solvent under reduced pressure, the product crystallised from 
light petroleum (b. p. 100—120°) as colourless needles, m. p. 110° (Found: C, 38-8; H, 4:35; 
N, 21:7. C,H,N,SCl requires C, 38-0; H, 4:25; N, 22-16%). The chloro-compound was 
recovered unchanged after refluxing for periods up to several hours with zinc dust in aqueous 
methanol and dilute aqueous ammonium chloride; the chlorine atom was not removed by hydro- 
gen in the presence of palladium-—charcoal at temperatures up to 60°. 

5-Amino-4-methyl-2 : 6-dimethylthiopyrimidine.—2 : 4-Dichloro-6-methyl-5-nitropyrimidine 
(97 g.) was added in portions during 10 min. to a stirred solution of sodium sulphide nonahydrate 
(500 g.) in water (500 c.c.) heated on the steam-bath. The temperature rose from 90° to 105°. 
After a further 15 min. the solution was adjusted to pH 7 with acetic acid, then cooled, and the 
crude 5-amino-4-methyl-2 : 6-dimercaptopyrimidine collected. This was purified somewhat by 
dissolution in cold dilute sodium hydroxidé and re-precipitation with acetic acid. The product 
(56-9 g.) was re-dissolved in water (600 c.c.) and 11N-sodium hydroxide (150 c.c.), and methyl 
sulphate (108-5 g.) was added with stirring during 40 min. at 10—15°. After a further 10 min. 
the crude dimethylthiopyrimidine was collected, dissolved in N-hydrochloric acid (435 c.c.) 
(charcoal), and re-precipitated by excess of sodium hydroxide (yield, 64-5 g.; m. p. 64°). When 
crystallised from light petroleum (b. p. 80—100°) it had m. p. 75° (Found: C, 42-3; H, 6-0; N, 
20-7. C,H,,N,S, requires C, 41-8; H, 5-5; N, 20-9%). 

5-Amino-2 : 6-diethylthio-4-methylpyrimidine was prepared in the same way but with 
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ethylsulphate. It was isolated as an oil which was used for the preparation of the corresponding 
tetra-azaindene (see above) without further purification. 

4-Benzylmethylamino-2-mercapto-6-methyl-5-nitropyrimidine.—Sodium sulphide nonahydrate 
(2 g.) was dissolved in ethanol (25 c.c.), and acetic acid (3 g.) was added, at <15°. The solution 
was added rapidly to 4-benzylmethylamino-2-chloro-6-methyl-5-nitropyrimidine (7-4 g.) in 
ethanol (100 c.c.) at 60°. The mixture was heated to 70° for 5 min., water (100 c.c.) was then 
added followed by acetic acid until neutral to Brilliant-yellow. The precipitated product 
(7 g.; m. p. 180—182°) crystallised from acetic acid in yellow prismatic needles, m. p. 198° 
(Found: C, 53-6; H, 5-0; N, 20-9. (C,,H,,0,N,S requires C, 53-8; H, 4:85; N, 19-3%). 
Addition of methyl sulphate (2-9 c.c.) to a solution of the thiol (5-8 g.) in 2N-sodium hydroxide 
(60 c.c.) at 30° gave after 30 min. 4-benzylmethylamino-6-methyl-2-methylthio-5-nitropyrimidine 
(5 g.; m. p. 89°) which formed yellow prisms [from light petroleum (b. p. 80—100°)], m. p. 90° 
(Found: C, 55:2; H, 52; N, 19-9. C,,H,,0O,N,S requires C, 55:2; H, 5:25; N, 18-4%). 
Reduction of this nitro-compound (50 g.) in methanol (800 c.c.), under pressure and in the 
presence of Raney nickel, gave after filtration and distillation of the solvent, 5-amino-4-benzyl- 
methylamino-6-methyl-2-methylthiopyrimidine (45 g.) which was used in its crude form for 
conversion into the corresponding tetra-azaindene. A little was heated with acetic anhydride 
to convert it into the corresponding 5-acetamidopyrimidine which crystallised from water in 
colourless plates, m. p. 102° (Found: C, 57-7; H, 6-7; N, 16-7. C,gH gON,S,H,O requires 
C, 57-5; H, 6-6; N, 16-75%). 


Miscellaneous compounds related to the foregoing tetra-azaindenes. 

2-Dimethylamino-6-methyl-\’ : 2’ : 3’-triazolo(5’ : 4’-4 : 5)pyrimidine 1’-Methiodide.—Sodium 
nitrite (0-7 g.) in water was added to a solution of 5-amino-2 :; 4-bisdimethylamino-6-methy]- 
pyrimidine (1-95 g.) in N-hydrochloric acid (25 c.c.), cooled in ice. The resultant solution gave 
no colour with alkaline R-salt. Sodium iodide (5 g.) in water (10 c.c.) was added and the 
precipitated methiodide was filtered off. It crystallised from water in golden-yellow needles, 
decomp. at 140° without melting (Found: C, 32-2; H, 4:6; N, 24-6. C,H,;N.,I requires C, 
32-3: H, 4:5; N, 25-1%). 

1 : 6-Di-[6-dimethylamino-V’ : 2’ : 3’-triazolo(5’ : 4’-4 : 5)pyrimid-1’-yl|hexane.—1 : 6-Di-(4-di- 
methylamino-5-nitro-6-pyrimidylamino)hexane (1-55 g.) was reduced in butanol (290 c.c.) in 
the presence of Raney nickel at room temperature and pressure. Water (100 c.c.) and sufficient 
acetic acid were added to dissolve the diamine at 40°, and the catalyst was separated by filtration. 
The crude diamine which remained after removal of the solvents under reduced pressure was 
diazotised in water (20 c.c.) and concentrated hydrochloric acid (3 c.c.) at 10° by a slight excess 
of sodium nitrite in water. The triazolo-compound (1 g.) was precipitated by dilute aqueous 
sodium hydroxide. It crystallised from butanol in colourless needles (0-6 g.), m. p. 183—184° 
(Found: C, 52:7; H, 6-7; N, 40-05. C,,H,.N,, requires C, 52:7; H, 6-35; N, 41-0%). 
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The Action of Magnesium and of Grignard Reagents on Certain Benzyl 
Ethers. Part II.* The Action of Grignard Reagents on o-, m-, and 
p-Methoxy- and -Phenoxy-methylanilines. 

By FREDERICK G. MANN and FREDERICK H. C. STEWART. 
[Reprint Order No. 5545.] 


It is shown that phenylmagnesium bromide reacts with o-methoxy- 
methylaniline to give o-benzylaniline, a reaction which is apparently general | 
with Grignard reagents: p-methoxymethylaniline behaves similarly, but 
the meta-isomer is unaffected. 

Phenylmagnesium bromide reacts with p-methoxymethyl-N N-dimethyl- 
aniline to form p-benzyl-NN-dimethylaniline, but the sterically hindered 
ortho-isomer is unaffected. 

The mechanism and practical applications of these reactions are discussed. 


In Part I1* Mann and Stewart suggested that the formation of an amorphous polymer 
(CgH,), by the action of magnesium on 0-alkoxy(and -aryloxy)methylbenzyl chlorides (I) is 
due to the initial transitory formation of a Grignard reagent (II) which breaks down as 
indicated to give the highly reactive o-quinodimethane (III), which immediately 
polymerises. 


ph 
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We have now investigated comparable reactions which may involve nitrogen analogues 
of o-quinodimethane (III): for clarity of presentation, the reactions and their probable 
mechanism will be discussed first, then the preparation of the necessary starting materials, 
and finally the synthetical value of these reactions. 

It appeared, by analogy with the reactions described in Part I, that o-methoxymethyl- 
aniline (IV), when treated with a Grignard reagent, e.g., phenylmagnesium bromide, would 
first give the magnesium derivative (V), which by a mechanism similar to that illustrated 
above could break down to form o-quinomonomethane imine (VI). Willstatter and 
Pfannenstiel (Ber., 1904, 37, 4605) prepared #-quinone monoimine, O°:C,H,:NH, and #- 
quinone di-imine, NH°C,H,:NH, but found that the o-di-imine was too reactive to be isolated 
although it could be obtained in ethereal solution by suitable oxidation of o-phenylene- 
diamine. It appeared therefore that the o-mono-imine (VI), although receiving some 
stabilisation from the polar form (VIA), might have approximately the same resonance 
energy as o-quinodimethane (III) and would be a highly reactive substance readily under- 
going polymerisation to (VII). 

Experiment showed in fact that the amine (IV), when treated with an excess of phenyl- 
magnesium bromide, formed in small yield a polymeric material (as VII), but that the major 
product was o-benzylaniline (IX). Wesuggest that these results indicate that in this overall 
reaction the o-quinomonomethaneimine (VI) has a transient existence : a small proportion 
undergoes direct polymerisation, while the greater part unites with a second molecule of 
phenylmagnesium bromide to give (VIII) and thence on hydrolysis the amine (IX). The 
formation of (IX), instead of the isomeric phenyl-o-tolylamine, is probably due mainly to 
the fact that (VIA) represents the only significant polar form of (VI), and thus necessarily 
guides the addition of the Grignard reagent to (VIII) and thus to (IX). 

Other examples of this terminal addition of Grignard reagents to compounds having the 
quinomethane system are known : for example, Julian and Magnani (J. Amer. Chem. Soc., 
1934, 56, 2174) have shown that phenylmagnesium bromide adds terminally to methylene- 
anthrone to form 9-benzyl-10-anthranol. 


* Part I, J., 1954, 2826. 
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It must be emphasised that the magnesium derivative (V), like the Grignard reagent (II) 
(cf. Part I), may have only a very transient existence, since its formation may be 
immediately followed by decomposition to (VI). 
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If the above mechanism is accepted, four corollaries follow: (a) the amine (IV) should 
undergo a similar reaction with any other normal Grignard reagent; (b) an aryloxymethy! 
analogue of (IV) should give the same product with the same Grignard reagent; (c) the 
p-isomer of (IV) should give the p-isomer of (LX), since the same mechanism can now apply, 
with the intermediate formation of #-quinomonomethane monoimine (as VI); (d) the 
m-isomer of (IV) should initially give the m-isomer of (V), but since our mechanism cannot 
now operate, this isomer would be stable until the hydrolysis stage, in which the original 
amine would be regenerated. 

(a) We find that the amine (IV), when treated with n-propyl-, tsopropyl-, and 2-phenyl- 
ethyl-magnesium bromide and with benzylmagnesium chloride gives o-n-butylaniline, 
o-isobutylaniline, 0-3-phenylpropylaniline and 0-2-phenylethylaniline respectively in high 
yield, accompanied by some polymeric material in all cases. Other examples are given below. 

(6) o-Phenoxymethylaniline (as IV), when treated with tsopropylmagnesium bromide, 
also gave o-isobutylaniline. In this case the formation of the polymer was appreciably 
greater than when (IV) was used. 

(c) When #-methoxymethylaniline was treated with isopropyl- and phenyl-magnesium 
bromide, #-isobutylaniline and #/-benzylaniline respectively were formed, in each case 
accompanied by a hard resin, undoubtedly the para-analogue of the polymer (VII), and 
formed in considerably greater proportion than that in the ortho-series. 

(d) When m-methoxymethylaniline was treated with an excess of phenylmagnesium 
bromide under the same conditions as the above ortho- and para-isomers, and the mixture 
then hydrolysed, the unchanged aniline was recovered in 97% yield. 

It is noteworthy that the amine (IV) when treated with lithium aluminium hydride 
forms chiefly o-toluidine with a small quantity of resinous material.- Benzyl alkyl ethers 
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are usually unaffected by this reagent (cf. Part I), and it is probable therefore that the 
anion (X) produced initially by the hydride ions also gives o-quinomonomethane imine 
(VI), which then by addition of hydride ion gives (XI), and hence on hydrolysis o0-toluidine. 

The reaction of Grignard reagents with tertiary amines of type (IV) is of particular 
interest, as the mechanism must now show significant differences. Robinson and Robinson 
(J., 1923, 123, 532) have shown that tertiary aminomethylene ethers of type (XII) react with 
Grignard reagents thus : 


(XII) R,N-CH,-OR’ + R’MgBr = R,N-CH,R” + R’O-MgBr 
By this reaction they prepared many tertiary amines, including N-substituted piperidines 


and piperazines, the yields being usually ca. 50% : Mason and Zief (J. Amer. Chem. Soc., 
1940, 62, 1450) similarly prepared several N-substituted morpholines, in yields of 40—60%. 
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The former authors point out that, although compounds of type (XII) have the usual 
properties of normal covalent compounds, their behaviour as above indicates a potential 


+ - 
ionisation, formulated as R,N°‘CH,**** OR’. 

It might appear therefore that o-methoxymethyl-NN-dimethylaniline (XIII) and its 
para-isomer (XIV) could also give an analogous reaction with Grignard reagents, since 
they are in effect vinylogues of compounds of type (XII). In the case of the fara-compound 
(XIV), Robinson’s (extended) reaction would entail an intermediate ionisation phase 
involving a resonance cation stabilised by the two main polar forms (XV) and (XVA). 
In the presence of phenylmagnesium bromide, therefore, this cation—acting necessarily as 
(XVA)—should form p-benzyl-NN-dimethylaniline (XVI). We find that the aniline (XVI) 
. scat, ‘ 
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is in fact produced in 84% yield, and additional evidence for the suggested mechanism is 
the simultaneous formation in small yield of 2: 6-bisdimethylamino-9 : 10-dihydro- 
anthracene (XVII), which almost certainly arises by self-condensation of the cation (XV- 
XVA) with proton elimination. No resin could be detected as a product of this reaction. 

The dihydroanthracene (XVII) was also synthesised, for identification, by hydrogenation 
of 2: 6-bisdimethylaminoanthracene, prepared by the reduction of #-dimethylamino- 
benzaldehyde with tin and hydrochloric acid (Albano, Anal. Asoc. Quim. Argentina, 1946, 
34, 18); it is noteworthy that Albano considers that this reduction involves the inter- 
mediate formation of a f-quinonoid cation, *Me,N:C,H,:CH(OH), analogous to (XV). 

Further evidence that this type of reaction involves a cation stabilised predominantly 
by the polar form (XV) is provided by the ortho-amine (XIII), which by analogy should 
thus produce the cationic intermediate (XVIII). An additional factor, namely, steric 
inhibition of resonance, enters here, however. The fara-amine (XIV) is of course free from 
steric hindrance and, for example, very readily forms a methiodide : the ortho-amine (XIII) 
in contrast shows marked hindrance, for it is virtually unaffected when its solution in methyl 
iodide is boiled for 15 hours. Similar steric hindrance is shown by o-ethyldimethylaniline 
(von Braun and Neumann, Ber., 1916, 49, 1286; cf. Brown and Cahn, J. Amer. Chem. Soc., 
1950, 72, 2939). The result of this steric effect in (XIII) is that the cation (XVIII), in 
which the charged dimethylamino-group and the benzene ring would be coplanar, cannot 
exist. The influence of the quinonoid cation appears to be essential for this type of re- 
action, for we find that the ortho-amine (XIII) is unaffected by phenylmagnesium bromide, 
in striking contrast to the fara-amine (XIV). 

Synthesis of Starting Materials.—o-Methoxymethylaniline (IV) was originally prepared 
by Thiele and Dimroth (Amnalen, 1899, 305, 110) who converted o-nitrobenzyl chloride 
(XIX) by sodium methoxide into methyl o-nitrobenzyl ether (XX) and reduced this by 


CH,Cl 7 CH,-OMe 
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alkaline ferrous sulphate to the aniline (IV); this method is however unsuitable for large- 
scale work. We find it advantageous to convert o-methoxymethylbenzonitrile (XX1I) 
(Mann and Stewart, J., 1954, 2819) by hydrogen peroxide into the benzamide (XXII) 
which by the Hofmann reaction furnishes the aniline (IV), in 80-85% yield from (XXI). 
p-Methoxymethylaniline has been prepared by Romeo (Gazzetta, 1905, 35, 111) using 
Thiele and Dimroth’s method (above) : the reduction stage is far more conveniently carried 
6T 
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out by using iron filings and sodium chloride solution (Rozina, Zhur. Priklad. Khim., 1950, 
23, 1110), and the meta-isomer (as IV) has now been similarly prepared. It is significant 
that the action of sodium methoxide on o- and #-nitrobenzyl chloride (as XIX) always gives 
considerable quantities of the corresponding dinitrostilbenes, whereas in the meta-series the 
methyl ether (as XX) is obtained in high yield owing to the almost complete absence of 
stilbene formation. Furthermore, the meta-nitro-ether (as XX) on reduction gave the 
aniline (as IV) in 82% yield with no resinous by-products, whereas the #-aniline derivative 
(as IV) was formed consistently in 55% yield accompanied by much resin. 

Failure attended attempts to prepare o-methoxymethyl-NN-dimethylaniline (XIII) 
by methylation of o-dimethylaminobenzyl alcohol, obtained by the lithium aluminium 
hydride reduction of methyl NN-dimethylanthranilate. Ultimately the aniline was 
obtained by treating a cold benzene solution of the alcohol with thionyl chloride, whereby 
the benzyl chloride was presumably stabilised by formation of the hydrochloride (XXIII), 
which, on treatment with an excess of sodium methoxide, furnished the aniline (XIII). The 
para-isomer of (XIII) was similarly prepared. 

Synthetical Application of Above Reactions.—The action of Grignard reagents on 0- 
and #-methoxymethylanilines (as IV) can clearly give rise to numerous 0- and p-alkyl (and 
arylalkyl)anilines, respectively, for many of which (particularly in the ortho-series) a con- 
venient synthesis has not previously been available. In addition to examples quoted above, 
the action of 1- and 2-naphthyl-magnesium bromides on (IV) gave 1-o-aminobenzyl- and 
2-0-aminobenzyl-naphthalene (XXIV) respectively. The reaction is apparently unin- 


Me 
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\/ NH Me\ Me \/R Bri) 
(XXV) (XXVI) 
fluenced by steric hindrance in the Grignard reagent, for mesitylmagnesium bromide 
gave o-aminobenzylmesitylene (XXV) in 85% yield. 

Two classes of compounds otherwise very difficult to obtain may be specified. As 
an example of a mixed-halogen derivative, o-bromobenzylmagnesium bromide, 
Br-C,H,CH,*MgBr, reacts with (IV) to give 2-amino-2’-bromodibenzyl (XXVI; = 
NH,), which can be readily converted, for example, into 2-bromo-2’-iododibenzyl (X XVI; 
R = J), 

The introduction of the isobutyl group into the benzene ring has previously proved very 
difficult. But o-csobutylaniline (XXVII; R = NH,), prepared by means of tsopropyl- 
magnesium bromide, has been converted via the diazonium derivative into o-isobutyl- 
iodobenzene (XX VII; R = I), the Grignard derivative of which on carboxylation furnished 
the hitherto unknown o0-tsobutylbenzoic acid (XXVIII; R = CO,H). 


EXPERIMENTAL 


All products were colourless unless otherwise stated. 

o-Methoxymethylaniline (IV).—(a) o-Methoxymethylbenzonitrile (X XI) (15 g.) was added to a 
solution of ethanol (27 c.c.), 25% aqueous sodium hydroxide (3 c.c.), and hydrogen peroxide 
(42 c.c.; 100-vol.). The reaction started at once, and the temperature was kept at 40—50° 
for 1 hr. by cooling, and then for 3 hr. by gentle warming. The solution was neutralised with 
sulphuric acid and concentrated in a vacuum, whereupon 0-methoxymethylbenzamide (XXII) 
separated (16:3 g., 97%); this had m. p. 101—102° (from water) (Found: C, 65-6; H, 6:3; 
N, 8:7. C,H,,0,N requires C, 65:4; H, 6-6; N, 8-5%). 

(6) Bromine (3-9 c.c.) and the powdered amide (10-7 g.) were cautiously added in this order 
to sodium hydroxide (15-5 g.) in water (130.c.c.) at 0°. The solution was stirred until clear, heated 
at 70—80° for 30 min., cooled and extracted with ether. Distillation gave the aniline (IV), 
b. p. 106—108°/11 mm. (6-8 g., 76%). Thiele and Dimroth (loc. cit.) give b. p. 123—124°/30 mm. 
It gave a benzoyl derivative, needles, m. p. 74:5°, from ethanol (Found : C, 74:7; H, 6-0; N, 5-5. 
C,;H,;O,N requires C, 74-7; H, 6-2; N, 5-8%). 

p-Methoxymethylaniline.—Methyl p-nitrobenzyl ether was prepared from p-nitrobenzyl 
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chloride by Romeo’s method (/oc. cit.) in 46% yield, accompanied by 4: 4’-dinitrostilbene, m. p. 
286—288°, in 40% yield. A mixture of iron “ pin-dust’’ (20 g.) and 5% aqueous sodium 
chloride (100 c.c.) was boiled under reflux for 30 min., and then the methyl ether (10 g.) added 
slowly during 1 hr. Boiling was continued for 3 hr. more, and the mixture was cooled and 
filtered. The residue and the filtrate were extracted with ether, which on distillation gave the 
aniline as an oil, b. p. 131—132°/11 mm., 147—148°/23 mm. (4-5 g., 55%). It gave a benzoyl 
derivative, m. p. 108—109°. Romeo (loc. cit.) gives b. p. 164—167°/40 mm. and m. p. 111—113° 
for these compounds respectively. 

m-Methoxymethylaniline.—(a) A solution of m-nitrobenzyl chloride (18-5 g.) in methanol (125 
c.c.) was added to one from sodium (2-6 g.) in methanol (65 g.), which was then boiled under 
reflux for 2 hr., concentrated, poured into water, and extracted with ether. Distillation gave 
methyl m-nitrobenzyl ether as a pale yellow liquid, b. p. 138—140°/11 mm. (Found: N, 8-5. 
C,H,O,N requires N, 8-4%): 12-9 g., 72%. No 3: 3’-dinitrostilbene was detected. 

(b) This nitro-ether, reduced as was the para-isomer, afforded m-methoxymethylaniline, b. p. 
130—131°/11 mm. (Found: C, 69-7; H, 8-2; N, 10-5. C,H,,ON requires C, 70-0; H, 8-0; 
N, 10-2%) (82%); the initial distillation left only an insignificant non-resinous residue. The 
amine gave a benzoyl derivative, m. p. 76—77°, from benzene-light petroleum (Found: C, 74-5; 
H, 5-8; N, 5:8. C,;H,,0,N requires C, 74:7; H, 6-2; N, 5-8%). 

m-Methoxymethylbenzamide.—The action of hydrogen peroxide on the corresponding nitrile 
afforded this amide (in very low yield) as an oil which partly solidified, but decomposed on 
attempted distillation; it separated from benzene—light petroleum as a waxy solid, m. p. 50—53° 
(Found: C, 65-1; H, 6-4; N, 8-8. C,H,,O,N requires C, 65-4; H, 6-6; N, 85%). Its reaction 
with hypobromite was not investigated. 

The low b.p. of the ortho-amine (IV), compared with that of the mefa- and the para-isomer, 
probably indicates appreciable intramolecular hydrogen bonding. 

o-Phenoxymethylaniline was prepared as Thiele and Dimroth (loc. cit.) describe. 

o-Methoxymethyl-NN-dimethylaniline (XIII).—(a) A solution of methyl NN-dimethyl- 
anthranilate (64 g.) in ether (100 c.c.) was reduced with lithium aluminium hydride (7-5 g.) in 
ether (220 c.c.) in the standard way, the solution being finally hydrolysed with aqueous Rochelle 
salt. Distillation gave o-dimethylaminobenzyl alcohol as a very pale yellow oil, b. p. 123—124°/11 
mm. (Found: N, 9-4. C,H,,ON requires N, 9-2%): 48 g.,89%. A solution in methy] iodide, 
when boiled under reflux for 15 hr., gave the methiodide, m. p. 131°, after crystallisation from 
methanol—ether (Found: C, 40-8; H, 5-7; N, 4:7. Cy9H,,ONI requires C, 40-9; H, 5-4; N, 
4-7%); this salt gave the corresponding methopicrate, yellow crystals, m. p. 147—148°, from 
ethanol (Found: C, 48-5; H, 4:7; N, 14-5. C,,H,,0,N, requires C, 48-7; H, 4:5; N, 14:2%). 

(6) A solution of thionyl chloride (8 g., 1 mol.) in benzene (20 c.c.) was added during 30 min. 
to a stirred, chilled solution of the above alcohol (10 g.) in benzene (40 c.c.). The complete 
chilled solution was stirred for 1 hr. and then boiled under reflux for 1 hr., cooled, treated slowly 
with a solution obtained from sodium (4 g., 2-2 equivs.) and methanol (120 c.c.), and boiled again 
for4hr. The solution was concentrated, diluted with water, and extracted with ether, which on 
distillation gave the aniline (XIII) as a mobile liquid, b. p. 106—108°/13 mm. (7-8 g., 75%) 
(Found: N, 8-7. C,)H,;ON requires N, 8-4%). It gave a picrate, yellow crystals, m. p. 133— 
134°, from ethanol (Found: C, 48-7; H, 4:7; N, 14:0. Cy9H,;0N,C,H,O,N, requires C, 48-7; 
H, 4:5; N, 14-2%). 

p-Methoxymethyl-N N-dimethylanitline.—p-Dimethylaminobenzyl alcohol was prepared in low 
yield by the lithium aluminium reduction of the corresponding aldehyde (cf. Nystrom and 
Brown, J. Amer. Chem. Soc., 1948, 70, 3738) ; unlike its ortho-isomer, it decomposed extensively 
on distillation, and much 4: 4’-bisdimethylaminodiphenylmethane was always formed during its 
preparation. It could not be methylated with methyl sulphate. The alcohol was therefore treated 
with thionyl chloride as above; sulphur dioxide was removed under reduced pressure from the 
chilled solution, and this was treated at the b. p. with sodium methoxide (4-5 mols.), giving 
p-methoxymethyl-N N-dimethylaniline, b. p. 133—136°/15 mm. (65%) (Found: N, 8-6. C,,H,,ON 
requires N, 8-4%). Itreadily gave a methiodide, m. p. 184—185° (effervescence), from methanol— 
ether (Found: C, 43-1; H, 6-1; N, 4:6. C,,H,ONI requires C, 43-1; H, 5-8; N, 4:5%), anda 
methopicrate, yellow needles, m. p. 131—132° (from ethanol) (Found: C, 50-2; H, 4:9; N, 13-9. 
C,,Hy)O,N, requires C, 50-0; H, 4:9; N, 13-7%). 

Action of Grignard Reagents on the Aniline (IV).—In all the following preparations, unless 
otherwise stated, the aniline (IV) was slowly added with stirring to the Grignard reagent, prepared 
from the organic halide (4 mols.), each in ethereal solution. The complete mixture was then 
boiled under reflux for 2 hr., cooled, and hydrolysed with aqueous ammonium chloride, and the 
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product was isolated from the ether by distillation, or by evaporation of the solvent followed by 
steam-distillation of the amine and its conversion into the hydrochloride. 

(i) Phenylmagnesium bromide, on the addition of the amine (IV), gave initially a white 
deposit (with brisk ebullition of the ether), which rapidly redissolved and ultimately furnished 
o-benzylaniline, b. p. 172—176°/11 mm., m. p. 54—55° [from light petroleum (b. p. 60—80°)] 
(63%). Carré (Compt. rend., 1909, 148, 102) gives b. p. 172—173°/12 mm., m. p. 52°. It gavea 
hydrochloride, m. p. 176—-177°, from ethanol-ether, an acetyl derivative, m. p. 125—126°, 
from aqueous ethanol, and a benzoyl derivative, m. p. 113—114° from ethanol (Found : C, 83-6; 
H, 5:6; N, 4-8. Calc. for C,,H,,ON: C, 83-6; H, 6-0; N, 48%). Fischer and Schiitte (Ber., 
1893, 26, 3086) give m. p. 175° and 135° for the hydrochloride and acetyl compound respectively, 
while Fischer and Schmidt (Ber., 1894, 27, 2786) give m. p. 107° and 116° for the acetyl and 
benzoyl derivative respectively. 

(ii) »-Propylmagnesium bromide gave o-n-butylaniline, isolated as its hydrochloride, m. p. 
139—140°, from dilute hydrochloric acid (Found: N, 7-9. Calc. for C,)H,;N,HCl: N, 7-6%), 
and the benzoyl derivative, m. p. 1I6—117°, from light petroleum (b. p. 80—100°) (Found: C, 
80:3; H, 7:3; N, 5:5. C,,H,,ON requires C, 80-6; H, 7-5; N, 5-5%). Read and Mullin (J. 
Amer. Chem. Soc., 1928, 50, 1763) give m. p. 137° for the hydrochloride. 

(iii) tsoPropylmagnesium bromide gave o-isobutylaniline (XXVII; R= NH,) (72%), 
b. p. 110—111°/13 mm., having a sweet, rather sickly odour (Found: N, 9-3. Cj 9H,,N requires 
N, 9-4%). It gave an acetyl derivative, m. p. 98°, from aqueous ethanol (Found: N, 7:4. 
C,.H,,ON requires N, 7:3%), and a benzoyl derivative, m. p. 126—127°, from light petroleum 
(b. p. 80—100°) (Found: C, 80-5; H, 7:1; N, 5-7. C,,H,,ON requires C, 80-6; H, 7-5; N, 
5:5%); a mixture with the u-butyl isomer had m. p. 111—117°. 

A solution of o-isobutylaniline (4-7 g.) in 10% sulphuric acid (50 c.c.) was diazotised at 0° by 
sodium nitrite (2-2 g.) in water (5 c.c.) and then poured into saturated aqueous potassium iodide 
(12 g.). When nitrogen evolution subsided, the solution was heated at 100° for 1 hr., mixed with 
sodium hydrogen sulphite (0-5 g.), and steam-distilled. The distillate, when extracted with 
ether, gave o-isobutyliodobenzene (XXVII; R =I), a pale yellow liquid (4-6 g., 57%), b. p. 
112—115°/11 mm. (Found: C, 45-4; H, 4:7. C4 9H,,I requires C, 46-1; H, 5-0%). 

The iodo-compound (4:5 g.) readily formed a Grignard reagent, which was added to an 
excess of solid powdered carbon dioxide and allowed to attain room temperature. The ethereal 
residue was extracted with 10% aqueous sodium hydroxide, which when boiled (charcoal), 
filtered, cooled, and acidified gave o-isobutylbenzoic acid (XXVII; R = CO,H), m. p. 64—65 
(from water) (Found: C, 74:5; H, 8-1. C,,H,,O, requires C, 74:2; H, 7-°9%): 0-9 g., 30%. 

(iv) 2-Phenylethylmagnesium bromide gave 0-3-phenylpropylaniline, b. p. 131—135° /0-2 mm. 
(Found: N, 6-7. C,,;H,,N requires N, 6-6%) (77%), which formed a hydrochloride, m. p. 198— 
200° (decomp.), from ethanol (Found; C, 73-0; H, 7-4; N, 5-9. C,;H,,N,HCl requires C, 72-7; 
H, 7:2; N, 56%), and a benzoyl derivative, m. p. 90—91°, from light petroleum (b. p. 80—100°) 
(Found: C, 83-7; H, 6-5; N, 4:3. C,,.H,,ON requires C, 83-8; H, 6-6; N, 4-4%). 

(v) Benzylmagnesium chloride gave o-2-phenylethylaniline (80%), b. p. 193—197°/19 mm., 
186—188°/1l mm. Ruggli and Staub (Helv. Chim. Acta, 1937, 20, 37) give b. p. 173—183°/11 
mm., m. p. 33°, solidification being long delayed. To confirm its identity, a solution of the 
amine (1 g.) in concentrated hydrochloric acid (5 c.c.) and water (10 c.c.) was diazotised at 0°, 
stirred at 0° for 30 min., filtered, treated with 50% aqueous hypophosphorous acid (10 c.c.), 
and set aside at 0° for 24 hr. The crystalline precipitate of dibenzyl (0-6 g., 65%), when 
crystallised from ethanol, had m. p. and mixed m. p. 52—53°. 

The amine gave a hydrochloride, m. p. 178—179°, an acetyl derivative, m. p. 115—116°, 
and a benzoyl derivative, m. p. 159—160° (Found: C, 83:8; H, 6-4; N, 4:6. Calc. for 
C,,H,,ON: C, 83-7; H, 6-3; N, 46%). Ruggli and Staub (loc. cit.) give m. p.s 198°, 117°, 
and 166° respectively. 

(vi) 1-Naphthylmagnesium bromide gave much brown resin and 1-o-aminobenzylnaphthal- 
ene, isolated initially as the hydrochloride (52%), needles, m. p. 195—196° (decomp.) (from 
water) (Found: C, 75:3; H, 5-9; N, 5:5. C,,H,,N,HCl requires C, 75-7; H, 5-9; N, 5-2%), 
which furnished the amine, m. p. 100—101°, from aqueous ethanol (Found: N, 6-0. Calc. for 
C,,H,;N: N, 60%). Badger (J., 1951, 351) gives m. p. 101—102°. 

(vii) 2-Naphthylmagnesium bromide also gave much resin and 2-0-aminobenzylnaphthalene 
(XXIV), isolated initially as the hydrochloride (33%), m. p. 187—-188° (decomp.) from ethanol— 
ether (Found: C, 75:0; H, 5-7; N, 5:1. C,,H,,N,HCl requires C, 75-7; H, 5-9; N, 5:2%) 
which gave the amine (XXIV) as a brown syrup, b. p. 204—206°/0-2 mm., m. p. 62—63° (from 
ethanol) (Found: N, 6-0. C,,H,,;N requires N, 60%). The amine gave a benzoyl derivative, 


[1954] Grignard Reagents on Certain Benzyl Ethers. Part II. 4133 


m. p. 160—161°, from ethanol (Found: C, 85:0; H, 5:8; N, 4:3. C,,H,,ON requires C, 85-4; 
H, 5-6; N, 4:1%). The amine, when de-aminated as above, gave 2-benzylnaphthalene, m. p. 
53°5—54-5° (from ethanol); Barrett and Linstead (J., 1936, 611) give m. p. 55—56°. 

(viii) Mesitylmagnesium bromide (Barnes, Org. Synth., 1941, 21, 77) gave o-aminobenzy]l- 
mesitylene (XXV), isolated as the hydrochloride (84%), hygroscopic needles, m. p. 208° (decomp.), 
from ethanol-ether (Found: C, 72-9; H, 7-8; N, 6-0. C,¢H,,N, HCl requires C, 73-4; H, 7-7; 
N, 5:3%), which gave the amine, m. p. 89—89-5° (from ethanol) (Found: C, 85-0; H, 8-4; N, 
6-3. C,H 4N requires C, 85-3; H, 8-5; N, 6-2%). 

(ix) o-Bromobenzylmagnesium bromide, prepared as described by Beeby and Mann (/., 
1951, 411), gave 2-amino-2’-bromodibenzyl (XXVI; R = NH,), isolated as the hydrochloride, 
m. p. 179—180°, from ethanol-ether (Found: N, 4:9. C,,H,,NBr,HCl requires N, 4-7%) (68%), 
which gave the amine, a yellow oil, b. p. 156—160°/0-2 mm., m. p. 50—51° (Found: N, 5-2. 
C,,H,,NBr requires N, 5-0%). The amine gave an acetyl derivative, crystals, m. p. 157—158°, 
from ethanol (Found : C, 60-3; H, 5-1; N, 4-6; C,,H,,ONBr requires C, 60-3; H, 5-0; N, 4-4%), 
and a benzoyl derivative, needles, m. p. 156—157°, from ethanol (Found: C, 66-0; H, 4:3; N, 
3°8. C,,H,,ONBr requires C, 66-3; H, 4:7; N, 3-6%). 

The amine, when diazotised in dilute sulphuric acid and then poured into potassium iodide 
solution, furnished 2-bromo-2’-iododibenzyl (XXVI; R =I), m. p. 84—85° (from ethanol) 
(Found: C, 43-4; H, 3-5. C,,H,,BrI requires C, 43-4; H, 3-1%). 

Reduction of o-Methoxymethylaniline (IV).—A solution of the amine (IV) (0-5 g.) in ether 
(10 c.c.) was added to a stirred suspension of lithium aluminium hydride (0-25 g.) in ether (10c.c.), 
which was then boiled for 30 min.; working up in the normal way gave a residue which on 
benzoylation furnished N-benzoyl-o-toluidine, m. p. 140—141° (alone and mixed) (from ethanol), 
and a red resinous by-product in small amount. 

Action of isoPropylmagnesium Bromide on o-Phenoxymethylaniline—This reaction, per- 
formed as with (IV), also gave o-isobutylaniline, b. p. 109—112°/11 mm. (43%) (acetyl deriv- 
ative, m. p. 98°, alone and mixed with previous sample), and a reddish-orange resinous residue. 

Action of Grignard Reagents on p-Methoxymethylaniline.—(i) isoPropylmagnesium bromide 
gave a product which on distillation furnished p-isobutylaniline (62%), having an unpleasant 
odour and b. p. 122—126°/15 mm. (Found: N, 9-6. Calc. for C,jH,;N: N, 9:4%), a hard 
reddish resin remaining undistilled. The amine was characterised as the acetyl derivative, 
leaflets, m. p. 130—131°, from aqueous ethanol (Found: C, 75-6; H, 8-9; N, 7:0. Calc. for 
C,,.H,,ON: C, 75-3; H, 8-9; N, 7:3%), and the benzoyl derivative, needles, m. p. 127—128°, 
from ethanol (Found: C, 80-5; H, 7-5; N, 5-5. Calc. for C,,H,ON: C, 80-6; H, 7-5; N, 
5:5%); Hickinbottom and Preston (J., 1930, 1566) give m. p. 127—128° for the acetyl deriv- 
ative and Zalesskaya (J. Gen. Chem. U.S.S.R., 1947, 17, 489) gives m. p. 131—131-5° and 129° 
for the acetyl and benzoyl derivative respectively. 

(ii) Phenylmagnesium bromide similarly gave p-benzylaniline, b. p. 182—192° (44%), anda 
brown resinous residue. The amine was characterised as the hydrochloride, m. p. 210° (decomp.) 
(from ethanol-ether) (Found: C, 70-6; H, 6-6; N, 6-2; C,,H,,N,HCl requires C, 71:0; H, 6-3; 
N, 6:2%), the picrate, m. p. 178—180° (decomp.) (from ethanol) (Found: C, 55-6; H, 4:3; N, 
13-3. C,3H,3N,C,H,O,N, requires C, 55:6; H, 3-9; N, 13-1%), the acetyl derivative, m. p. 
125—126°, and the benzoyl derivative, needles, m. p. 159—160° (from ethanol) (Found: C, 83-5; 
H, 6-5; N, 4:9. C, 9H,,ON requires C, 83-6; H, 6-0; N,4-8%). King (J., 1920, 117, 990) gives 
for the acetyl derivative m: p. 128—129° (corr.). 

Action of Phenylmagnesium Bromide on p-Methoxymethyl-NN-dimethylaniline (XIV).—The 
reaction was carried out as described above, and distillation of the ethereal solution gave p- 
benzyl-N.N-dimethylaniline (XVI) (84%), b. p. 194—198°/15 mm. (Found: N, 6-6. Calc. for 
C,;H,,N: N, 6-6%) and a crystalline residue of 2 : 6-bisdimethylamino-9 : 10-dihvdroanthracene 
(XVII). The amine (XVI) readily gave a methiodide, m. p. 196—197°, from methanol—ether 
(Found: C, 54:3; H, 5-8; N, 4:3. (C,,H, NI requires C, 54:3; H, 5-6; N, 3-9%), and a yellow 
methopicrate, m. p. 99—100° (Found: C, 58-0; H, 5:3; N, 12-3. C,,.H,.O0,N, requires C, 58-1; 
H, 5-3; 12-3%). Singh (J., 1925, 127, 2448) gives b. p. 175°/2—3 mm. for (XVI). 

The dihydroanthracene (XVII) gave crystals, m. p. 154—155°, from ethanol and then light 
petroleum (b. p. 80—100°) [Found: C, 81-2; H, 8-5; N, 10:5%; M (Rast), 290. C,,H,.N. 
requires C, 81:2; H, 8-3; N, 105%; M, 266). 

Synthesis of the Diamine (XVII).—2: 6-Bisdimethylaminoanthracene, m. p. 251° (1 g.), 
prepared by Albano’s method (loc. cit.), was suspended in liquid ammonia (20 c.c.), to which 
sodium (0-2 g.) was added with vigorous stirring. After 1 hr., powdered ammonium nitrate (ca. 
1 g.) was added and the ammonia allowed to evaporate. Extraction of the residue with cold 
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ethanol left a considerable residue of unchanged anthracene, but aqueous dilution of the extract 
precipitated the dihydroanthracene (XVII), colourless needles (from light petroleum), m. p. 
153—154°, unchanged by admixture with the above product (Found: N, 10-5. Calc. for 
CigHysN,: N, 10:5%). The low yield of (XVII) in this synthesis is due primarily to the very 
low solubility of the unhydrogenated anthracene in liquid ammonia. 


We are greatly indebted to Trinity College, Cambridge, for a Rouse Ball Research Studentship 
and to the Ministry of Education of Northern Ireland for a Senior Research Award (F. H.C. S.). 
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The Isolation of Oligosaccharides from Gums and Mucilages. 
Part III.* Golden Apple Gum. 


By P. ANDREws and J. K. N. Jones. 
[Reprint Order No. 5553.] 


Autohydrolysis of golden apple gum yields a mixture of mono- and oligo- 
saccharides, from which 3-O-8-L-arabopyranosyl- (A) and 3-O-«-p-xylopyran- 
osyl-L-arabinose (B) have been isolated and characterised. Five other 
oligosaccharides have been isolated from the mixture and examined. 


THE Golden Apple (Spondias cytheria) is a tree which occurs in the West Indies and 
exudes gum in the dry season. Dr. W. G. C. Forsyth kindly arranged for a sample of 
this gum to be sent to us. Paper-chromatographic examination of the sugars produced 
by its hydrolysis showed that it is similar in composition to numerous other plant gums, 
in that it is composed of galactose, arabinose, xylose, glucuronic acid (mainly, if not 
entirely, in the form of a monomethyl ether), and traces of rhamnose and fucose. As 
with other plant gums, graded hydrolysis could be effected by the prolonged action of 
cold aqueous sulphuric acid or by heating a concentrated aqueous solution of the ash- 
free gum. The mixtures of reducing sugars obtained by each method gave similar 
patterns of spots on the paper chromatogram, but autohydrolysis is preferred as a 
preparative method for the oligosaccharides because of the ease with which the products 
may then be isolated and of the reduced possibility of formation of reversion products. 

Autohydrolysis of golden apple gum yielded a complex mixture of reducing sugars, 
consisting of arabinose and traces of galactose and rhamnose, together with a number 
of neutral pentose-containing oligosaccharides, traces of several acidic oligosaccharides, 
and the degraded gum, which still contained arabinose and xylose besides the galactose 
and uronic acid units. The sugar mixture was fractionated on a column of charcoal— 
Celite (Whistler and Durso, J. Amer. Chem. Soc., 1950, 72, 677), and the mixture of 
oligosaccharides so obtained was further fractionated by chromatography on sheets of 
filter paper. In this way, seven oligosaccharides were obtained, in various amounts, in 
a state of purity such as to give only one spot on the paper chromatogram in three 
different solvent mixtures. 

The main component of the oligosaccharide mixture was 3-O0-$-L-arabopyranosyl- 
L-arabinose (A), which had previously been isolated from the partial hydrolysis products 
of larch e-galactan (Jones, J., 1953, 1672), and of peach gum and cherry gum (Andrews, 
Ball, and Jones, J., 1953, 4090). The identity of the disaccharide (A) from golden apple 
gum with that from these other sources was established by comparing the X-ray 
photographs of their crystalline phenylosazones. 

The other main component of the oligosaccharide mixture was obtained crystalline, 
and shown to be 3-0-a-p-xylopyranosyl-L-arabinose (B) on the following evidence. 
Hydrolysis yielded arabinose and xylose, but after oxidation with bromine water it yielded 
only xylose, demonstrating that the reducing unit was arabinose. The disaccharide gave 
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a crystalline phenylosazone (which analysed as the hemihydrate), thus proving the presence 
of a 2-hydroxyl group in the arabinose unit. The fully methylated derivative of (B) was 
a syrup, giving on hydrolysis approximately equimolar amounts of 2 : 3 : 4tri-O-methyl- 
D-xylose and 2 : 4-di-O-methyl-L-arabinose. The former crystallised and was characterised 
by its m. p., optical rotation, and the properties of the derived N-phenyl-p-xylopyran- 
osylamine 2:3: 4-trimethyl ether. The di-O-methyl-L-arabinose was recognised as an 
L-arabopyranose derivative by its high positive optical rotation, but its rate of movement 
on the paper chromatogram was different from that of the 2 : 3- and the 3: 4-isomer. Its 
identity as the 2:4-isomer was confirmed by the preparation from it of crystalline 
N-phenyl-L-arabopyranosylamine 2 : 4-dimethyl ether. In addition to these two sugars, 
the hydrolysate of the methylated derivative of (B) contained a trace of 2 : 5-di-O-methyl- 
arabinose (identified chromatographically), showing that the arabinose unit in (B) could 
exist in either the (preferred) pyranose or the furanose form. Therefore, the two pentose 
units in (B) are united by a 1-3’-linkage to which is assigned the «-configuration on the 
basis of the high positive optical rotation of (B). 

Very small amounts of two other disaccharides, (C) and (D), both of which yielded 
only arabinose on hydrolysis, were obtained from the reducing-sugar mixture. The optical 
rotation of (C) indicated that it might be composed of one L-arabopyranose and one 
L-arabofuranose unit, whereas (D), from its negative optical rotation, might be composed 
of two L-arabofuranose units. It is thought that the high rate of movement of (D) on 
the paper chromatogram is consistent with such a structure. 


a H.0H 
—_— 
(B) H OH 


The remaining oligosaccharides (EZ, F, G) isolated from the autohydrolysate were ap- 
parently trisaccharides, as judged by their rates of movement on the paper chromatogram 
and their hydrolysis products. Paper chromatography showed that complete hydrolysis of 
(E) yielded only arabinose but partial hydrolysis, effected with 0-01N-sulphuric acid, gave 
roughly equimolecular amounts of arabinose and a disaccharide indistinguishable from 
(A) in its chromatographic behaviour. Hence (F) probably contained at least one non- 
reducing arabopyranose unit; its high positive optical rotation indicated that it contained 
two arabopyranose units. 

Paper chromatography of their hydrolysates indicated that both (F) and (G) were 
composed of one xylose and two arabinose units. After oxidation with bromine water, 
both these trisaccharides yielded roughly equal amounts of xylose and arabinose on 
hydrolysis, thus the reducing unit of each of them appeared to be arabinose. The 
trisaccharide (/) reacted with phenylhydrazine to form a yellow product in very small 
yield. 

It is considered unlikely that disaccharides (A) and (B) were formed by reversion 
because, if this were so, prolonged autohydrolysis should increase their yield at the expense 
of the yield of monosaccharides whereas the reverse effect was observed. The oligo- 
saccharides (C), (D), (E), (F), and (G) which were formed in very small amounts might 
be adventitious. This possibility is being further investigated. However, since no free 
xylose was detected at this stage of the hydrolysis it is considered unlikely that those 
oligosaccharides, viz., (B), (F), and (G), which contained xylose were reversion products. 

The isolation of (A) from golden apple gum establishes the presence of L-arabopyranose 
units in the gum, in which respect it is similar to peach gum, cherry gum, sapote gum 
(White, J. Amer. Chem. Soc., 1953, 75, 257), and possibly other plant gums as well. 
Disaccharide (B), on the other hand, has not hitherto been described. Examination of 
the autohydrolysis products of plant gums thus provides a means of determining some of 
the details of their fine structure but, as in the present case, yields of most of the oligo- 
saccharides are likely to be small. 
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EXPERIMENTAL 

Chromatographic separations, on Whatman No. 1 paper, were carried out with the following 
solvent mixtures: (a) ethyl acetate—acetic acid—formic acid—water (18:3:1:4); (b) butan- 
1-ol-pyridine-water (10:3:3); and (c) butan-1l-ol-ethanol-water (40:11:19) (all v/v). 
p-Anisidine hydrochloride (ca. 3% w/v in butanol, with a little stannous chloride added) was 
used as spray reagent to detect the sugars. The rates of movement on the paper chromatogram 
of oligosaccharides are expressed relative to that of galactose, 7.e., R,,, values. 

Optical rotations were determined at 20° + 2° in H,O, and solutions were concentrated 
under reduced pressure. 

Golden Apple Gum.—The gum, somewhat purified by precipitation from alkaline solution 
with acidified alcohol, was a white, water-soluble powder (Found : N, 0-3; OMe, 4:7; sulphated 
ash, 3:0%). On hydrolysis with n-sulphuric acid for 18 hr. at 100° it yielded rhamnose, fucose, 
arabinose, xylose, galactose, and uronic acid derivatives, all detected chromatographically. 

Graded Hydrolyses of the Gum.—In preliminary experiments, portions of the gum were 
dissolved in nN- and 38n-sulphuric acid, and the solutions (ca. 5% w/v of gum) kept at room 
temperature. A further portion of gum was dissolved in water, inorganic ions were removed 
from the solution by passing it successively down columns of Amberlite resins IR-120 and 
IR-4B, then the solution (ca. 5% w/v of gum) was heated at 90°. The progress of each 
hydrolysis was followed by paper chromatography, in solvents (a) and (b), of drops of the 
reaction mixtures. Similar chromatographic patterns were obtained in each case. Hydrolysis 
in N-sulphuric acid was very slow, and after a month the amounts of arabinose and oligo- 
saccharides present in the solution were much less than in the 3n-sulphuric acid solution after 
the same period. The autohydrolysis gave a good yield of oligosaccharides after 12 hours’ 
heating; after 24 hours the yield was somewhat better, but during longer periods of heating 
hydrolysis of the oligosaccharides was apparent and the yield of them decreased steadily. 
The separation of neutral and acidic sugars is conveniently carried out by two-dimensional 
chromatography. The sugars are first separated with the acidic solvent (a), the paper is then 
taken out of the chromatographic tank, dried, and turned through 90°, and the neutral sugars 
are further separated with the basic solvent (bd). 

For isolation of the oligosaccharides, autohydrolysis was carried out as follows: The crude 
neutral salt of golden apple gum (30 g.) was dissolved in water, and the solution passed down 
columns of Amberlite resins IR-120 and IR-4B. The resultant solution (ca. 500 c.c.) of gum 
acid was heated at 90° for 24 hr. The cooled solution was passed down a column of Amberlite 
resin IR-4B to remove acidic products of low molecular weight, then the column was washed 
with water, and the combined solution and washings brought to pH 7 with aqueous barium 
hydroxide, concentrated to 200 c.c., and poured into ethanol (400 c.c.). The precipitated 
barium salt (X) of degraded golden apple gum was isolated on the filter, washed with alcohol 
and ether, and dried under reduced pressure (yield, 18 g.). The filtrate was evaporated and 
yielded a syrup (9-9 g.) which partly crystallised. After trituration with methanol, crystalline 
L-arabinose (3-8 g.), m. p. and mixed m. p. 158—159°, [a]p +104° (c, 0-9), was filtered off. 
Evaporation of the methanol gave a syrup (Y) (6-2 g.) consisting of neutral mono- and oligo- 
saccharides. 

Examination of the Salt (X).—The powder was extracted exhaustively with methanol to 
remove adsorbed sugars. A small portion was then hydrolysed in N-sulphuric acid for 18 hr. 
at 100°. Paper-chromatographic examination of the hydrolysate, after it had been neutralised 
with barium carbonate, filtered, and concentrated, indicated the presence of galactose, 
arabinose, some xylose, a trace of rhamnose, 4(?)-O-methylglucuronic acid, biuronic acids, 
and oligosaccharides. 

Examination of the Syrup (Y).—Paper chromatography showed that this consisted of 
arabinose (mainly), a little galactose, considerable amounts of disaccharides (A) and (B), with 
Rea 9-70 and 1-00 respectively in (6), and several other oligosaccharides in smaller amounts. 
The syrupy mixture (ca. 6 g.) was adsorbed on a column (27 x 3 cm.) of charcoal—Celite 
(1: 1 w/w) (Whistler and Durso, Joc. cit.), and the sugars were fractionally eluted with water 
and aqueous ethanol. Each solvent was applied until it eluted no more sugar. The effluent 
was collected in portions of ca. 100 c.c., and a few drops of each portion (or a concentrate 
when necessary) were examined on the paper chromatogram. Water sufficed to elute the 
monosaccharides and some (A) from the column; 2% ethanol eluted a little more (A) (this 
being the only fraction to be obtained which contained only one sugar); 5% ethanol eluted 
the rest of (A), all of (B), and much smaller amounts of three other oligosaccharides (designated 
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C, D, E, this being the order in which they appeared in the eluate); 20° ethanol eluted 
somewhat larger amounts of (£), together with oligosaccharides (F) and (G), and others of 
higher molecular weight; and absolute ethanol eluted further materials (0-2 g.) with very 
slow rates of movement on the paper chromatogram. After appropriate combination of the 
effluent portions, the solvent was removed from each fraction, the residual syrups were dissolved 
in methanol, small amounts of insoluble flocculent materials were filtered off, and the methanol 
was evaporated, giving colourless products (total weight, 5-8 g.). 

The fractions consisting of monosaccharides only were not further examined. Those 
consisting of oligosaccharide mixtures were further fractionated by chromatography on large 
sheets of filter-paper, with solvent (c). After separation, the oligosaccharides were recovered 
from the paper strips by washing with cold water. The isolated oligosaccharides gave colours 
with p-anisidine hydrochloride similar to that given by arabinose, and they had the following 
approximate R,,) values : 


Oligosaccharide ............ B C D E F G 
SOLVGME COD a. cadence ts anadne . 0-9 l- 1-3 0-6 0-7 0-8 
SOLVCHIE OT Jisunuacassosawenn . 1-0 1: 2-0 0- 0-6 0-9 
WORVOINE UEP. cS csccscesvaseses . 0-9 1:3 1-6 0-4 0-6 0:8 


The oligosaccharides were further examined as follows (the weight given is that of the 
chromatographically pure sugar) : 

Disaccharide (A). This (940 mg.) was a syrup with [a], + 214° (c, 1-7). It was completely 
hydrolysed in boiling N-sulphuric acid in 1-5 hr., and yielded only arabinose (detected chromato- 
graphically). Phenylhydrazine (0-35 c.c.), glacial acetic acid (0-4 c.c.), and a little sodium 
metabisulphite were added to a solution of the disaccharide (180 mg.) in water (3 c.c.). The 
solution was kept overnight at 50—60°, and yielded an osazone (200 mg.) which recrystallised 
from ethanol as small yellow needles, m. p. 235° (decomp.) (Found: C, 57:6; H, 6-2; N, 12-0. 
Calc. for Cy.H,,0,N,: C, 57-4; H, 6-1; N, 12-2%). An X-ray diffraction photograph of 
this osazone was identical with those of the osazones of the specimens of 3-O-8-L-arabopyranosyl- 
L-arabinose from larch e-galactan and peach and cherry gums. 

Disaccharide (B). This (380 mg.) was initially a syrup, with [a]p +173° (c, 3-5). A 
sample crystallised after about 4 months, and had m. p. 123°, but insufficient was obtained for 
analysis. It yielded xylose and arabinose (ratio ca. 1:1; sugars identified chromatographically) 
after hydrolysis in boiling N-sulphuric acid for 1 hr. A portion (20 mg.) was dissolved in water 
(3 c.c.), and a drop of bromine added. After 18 hr., excess of bromine was removed by aeration, 
then 2n-sulphuric acid (3 c.c.) was added, and the solution heated at 100° for 1 hr. Anions 
were then removed from the solution with Amberlite resin IR-4B, and the solution was 
concentrated. Paper-chromatographic examination indicated the presence of xylose only. 

The sugar (80 mg.) was heated in water (3 c.c.) with phenylhydrazine (0-2 c.c.), glacial 
acetic acid (0-3 c.c.), and a little sodium metabisulphite added, at 70° for 2 hr. On cooling, 
a gelatinous phenylosazone separated. It was filtered off, washed with water, dried (yield, 
40 mg.), and recrystallised from ethanol—benzene as yellow needles (33 mg.), with m. p. 226° 
(decomp.) (Found: C, 56-5, 56-6; H, 6-0, 6-2; N, 12-4. C,.H,g0,N,4,0-5H,O requires C, 56-3; 
H, 6:2; N, 11-9%). 

The disaccharide (B) (180 mg.) was dissolved in water (5 c.c.), methyl sulphate (1 c.c.) was 
added, then sodium hydroxide solution (30% w/v; 1-5 c.c.) dropwise, with vigorous stirring, 
during 2 hr. The solution was then non-reducing to Fehling’s solution; thereafter sodium 
hydroxide (30% w/v; 7:5c.c.) was added, followed by methyl] sulphate (5 c.c.) dropwise. After 
a further addition of the same quantity of these reagents the alkaline solution was stirred for 
18 hr., then heated on the boiling-water bath for 30 min., cooled, and extracted continuously 
with chloroform for 18 hr. Evaporation of the chloroform gave a syrup (201 mg.) (Found : 
OMe, 44:8%), n?° 1-4687, which after a further methylation with Purdie’s reagents was isolated 
(180 mg.) and distilled under reduced pressure. The main fraction (150 mg.) of the distillate 
was the hexa-O-methyl derivative of (B) with b. p. 160—170° (bath-temp.) /0-3 mm., n? 1-4660 
[Found : OMe, 49-1. C4 9H ,0,(OMe), requires OMe, 50-8%]. 

The syrupy hexa-O-methy] derivative (142 mg.) was heated in n-hydrochloric acid (10 c.c.), 
at 100°, the optical rotation being [a], + 127° (initial value), +76° (30 min.), +71° (1 hr.), 
-+-67° (1-5 hr.; final value). After 2 hours’ heating the solution was neutralised with silver 
carbonate, filtered, treated with hydrogen sulphide, again filtered, and concentrated to a syrup 
(138 mg.) which consisted of two sugars [/, 0-97 and 0-65 in (c)] together with a trace of a 
third (R, 0-71). The mixture was separated into three fractions by partition chromatography 
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on a large sheet of filter paper, with solvent (c); the sugars were recovered in 3 fractions 
from appropriate sections of the paper by Soxhlet-extraction with acetone. 

Fraction 1 (58 mg.), which consisted only of the sugar with R, 0-97 in solvent (c), crystallised, 
and recrystallisation from ether—light petroleum (b. p. 40—60°) afforded colourless cubes of 
2:3: 4-tri-O-methyl-«-p-xylose, m. p. and mixed m. p. 87—88°, with [a], +58° (initial; 
c, 0-7) —» +17° (equil.) [Found: OMe, 48-7. Calc. for C;H,O,(OMe;),: OMe, 48-4%]. 
The derived N-phenyl-p-xylopyranosylamine 2 : 3: 4-trimethyl ether, prepared by heating the 
sugar with one equiv. of aniline in ethanol, crystallised from ether—light petroleum (b. p. 40— 
60°) as colourless cubes, m. p. and mixed m. p. 102—103°. 

Fraction 2 (10 mg.) was a syrup, of which the main component was the compound with R, 
0-7lin (c). This gave a brown colour with p-anisidine hydrochloride, and was indistinguishable 
from 2: 5-di-O-methylarabinose. The fraction also contained traces of the sugars in Fractions 
1 and 3. 

Fraction 3 (48 mg.) was a syrup with n? 1-4700 and [a]p +125° (c, 1-0), and consisted only 
of the compound with Rg 0-65 in (c). It gave a red colour with p-anisidine hydrochloride, 
and was indistinguishable from 2 ; 4-di-O-methylarabinose on the paper chromatogram. The 
2: 3- and the 3: 4-isomer also gave red colours, but had Rg 0-70 and 0-58 respectively in (c). 
When heated under reflux in alcohol with aniline the fraction yielded N-phenyl-.-arabo- 
pyranosylamine 2: 4-dimethyl ether, which crystallised from ether—light petroleum (b. p. 
40—60°) in colourless plates, m. p. 142—143° (lit., m. p. 145°) [Found: C, 61-5; H, 7-6; 
OMe, 24:7. Calc. for C,,H,;,0,N(OMe),: C, 61:7; H, 7-6; OMe, 24-5%]. 

Examination of the Other Oligosaccharides.—Insufficient of the other oligosaccharides was 
isolated for their structures to be elucidated. They were all completely hydrolysed in 
n-sulphuric acid at 100° in 1 hr.; the sugars so produced were identified by their behaviour on 
paper chromatograms. Additional information was obtained as follows : 

(C) was a syrup (16 mg.), with [«]p +42° + 4° (c, 0-8), and was composed of arabinose units. 

(D) was also a syrup (11 mg.) with [a], —34° + 5° (c, 0-6), and also composed of arabinose 
units, 

(E) was a solid (98 mg.) with [«]p) +120° (c, 1-0). 

Complete hydrolysis of (E) yielded only arabinose; partial hydrolysis, effected by heating 
a solution of the sugar in 0-01N-sulphuric acid at 100° for 0-5—1 hr., yielded roughly equimole- 
cular amounts of arabinose and a compound indistinguishable from 3-O-$-L-arabopyranosyl- 
L-arabinose (A) on the paper chromatogram in solvents (a), (b), and (c). The material (Z) (50 mg.) 
did not yield a phenylosazone when heated with phenylhydrazine (0-1 c.c.), glacial acetic acid 
(0-13 c.c.), and a little sodium metabisulphite in water (2 c.c.) at 70° during 2 hr. The solution 
became brown in colour and a tarry deposit formed. 

The material (F) was a crisp solid (60 mg.) with [«]p +59° -+ 3° (c, 1-2), which on hydrolysis 
yielded arabinose and xylose in the approximate proportion of 2:1. After oxidation with 
bromine water, followed by hydrolysis [as described for (B)], some diminution in the proportion 
of arabinose was observed. In the attempted preparation of a phenylosazone from (F) (40 mg.) 
in the manner described for (E), the very small amount of yellow precipitate which formed 
was insufficient for its isolation. The reaction mixture became yellow, indicating osazone 
formation, but on prolonged heating dark tar was precipitated. 

The material (G) was a crisp solid (25 mg.) with [a]) +49° + 7° (c, 1-3). It yielded 
arabinose and xylose, in the approximate ratio 2:1, on hydrolysis; after oxidation with 
bromine water, it yielded arabinose and xylose in roughly equal amounts. 
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Peroxides of Tetrahydrocarbazole and Related Compounds. 
Part VI.* Some Indoleninyl Hydroperoxides. 


By R. J. S. Breer, T. DoNAVANIK, and ALEXANDER ROBERTSON. 
[Reprint Order No. 5564.] 


Certain indoles, of type (II), are converted by autoxidation into indoleninyl 
hydroperoxides, the decomposition of which, under various conditions, yields 
o-acylamino-ketones (VI). Reduction of 2: 3-dimethylindoleninyl hydro- 
peroxides with sodium dithionite gives 3-hydroxy-2 : 3-dimethylindolenines, 
of type (VIII), which readily rearrange in hot alkaline media to 2 : 2-dimethy]l- 
y-indoxyls. 


Tue formation of hydroperoxides is a property common to many 1: 2: 3: 4-tetrahydro- 
carbazoles (Part IV, J., 1952, 4946) but hitherto the only peroxides derived from indoles 
which have been described are those obtained from 2-aryl-3-methylindoles by Witkop and 
Patrick (J. Amer. Chem. Soc., 1952, 74, 3856; see also Chem. Ber., 1952, 85, 949). Formed 
in low yield by autoxidation of 2-phenylskatole, the hydroperoxide (I) was found to be 
more stable than tetrahydrocarbazolyl hydroperoxide, but like the latter compound, under- 
went acid-catalysed rearrangement, giving 0-benzamidoacetophenone. 

Experience with tetrahydrocarbazoles (/oc. cit.) suggested that the presence of an elec- 
tron-releasing substituent (R) in the benzene ring of indoles (type II) would facilitate per- 
oxide formation and in agreement with this prediction 5-methoxy-3-methyl-2-phenylindole 
(II; R = OMe, R’ = Me, R” = Ph) is autoxidised in good yield to the indoleninyl hydro- 
peroxide (III; R = OMe, R’ = Me, R” = Ph). A closer analogue of the tetrahydrocarb- 
azoles is 5-methoxy-2 : 3-dimethylindole (II; R = OMe, R’ = R” = Me). This compound 
formed a hydroperoxide (III; R = OMe, R’ = R” = Me), the yield of which in small-scale 
experiments was almost quantitative but, as with the tetrahydrocarbazole series, purific- 
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ation involved some loss. Autoxidation of 2 : 3-dimethylindole proceeded less satisfactorily 
but it was possible to isolate the pure hydroperoxide (III; R =H, R’ = R” = Me) in 
25% yield; some of the indole was converted into a by-product of unknown structure 
having apparently a higher molecular weight. Reproducible results in these autoxidations 
were obtained only when the reactions were catalysed by traces of either benzoyl peroxide, 
or, better, the hydroperoxide which was being formed. 

Attempts to prepare peroxides from 2-methyl-3-phenyl- and 2 : 3-diphenyl-indoles 
(e.g., Il; R=H, R’ = Ph, R” = Me; R= OMe, R’ = Ph, R” = Me; R=H, R’ = 
R” = Ph; R = OMe, R’ = R” = Ph) have not been successful; these indoles appear to 
be relatively resistant to the action of oxygen. It is interesting and possibly significant 
that the structural features which inhibit or prevent peroxide formation in the indole and 
tetrahydrocarbazole series, viz., (a) N-substitution, (b) the presence of strongly electron- 
attracting groups in the benzene ring, and (c) the presence of a phenyl group in the 3- 
position, have been found to be necessary or desirable for successful oxidation of indoles to 
o-acylamino-ketones with chromic acid (see, ¢.g., Atkinson, Simpson, and Taylor, J., 1954, 


* Part V, J., 1953, 2440. 
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165), which, it has been suggested, depends on reduction of the aromaticity of the hetero- 
nucleus and the stabilisation of the imino-tautomer (IV) in the imino-ketimine system 
(IV == V). An alternative explanation is that successful chromic acid oxidation depends 
on the absence of an imino-group which is susceptible to homolytic fission. When a group 
of this type is present, e.g., in indoles which readily undergo autoxidation, the first action 
of the oxidising agent may be to generate free N-radicals, the formation of which may well 
complicate or change the course of the subsequent oxidation. 

Like the peroxide from 2-phenylskatole (cf. Witkop and Patrick, loc. cit.), 5-methoxy-3- 
methyl-2-phenylindolenine hydroperoxide (III; R = OMe, R’ = Me, R” = Ph) is more 
stable than the hydroperoxides of the tetrahydrocarbazole series towards cold aqueous 
acids and alkalis. With hot reagents this compound is converted into 2-benzamido-5- 
methoxyacetophenone (VI; R = OMe, R’ = Ph) in which the presence of the benzamido- 
group was demonstrated by hydrolysis to benzoic acid and 2-amino-5-methoxyaceto- 
phenone, isolated as the hydrochloride. This amino-ketone was also obtained by hydrolysis 
of 2-acetamido-5-methoxyacetophenone (VI; R = OMe, R’ = Me) which is readily formed 
by the decomposition of 5-methoxy-2 : 3-dimethyl-3-indoleninyl hydroperoxide (III; R = 
OMe, R’ = R” = Me) in hot water or benzene. 2 : 3-Dimethyl-3-indoleninyl hydroper- 
oxide (III; R = H, R’ = R” = Me) was similarly converted by boiling water into o-acet- 
amidoacetophenone. The dimethylindoleninyl hydroperoxides decomposed slowly in cold 
aqueous sodium hydroxide, giving the corresponding 0-acetamidoacetophenones. Under 
similar conditions tetrahydrocarbazolyl hydroperoxide yields mainly 4-hydroxy-2 : 3-cyclo- 
pentenoquinoline (Part II, J., 1950, 3283), probably by way of the cyclic lactam (VII) 
analogous to (VI). 

Witkop and Patrick (loc. cit.) found that 3-hydroxy-3-methyl-2-phenylindolenine (VIII ; 
R =H, R’ = Me, R” = Ph), obtained by reduction of the corresponding peroxide catalyt- 
ically or with sodium borohydride, does not undergo rearrangement to 2-methyl-2-phenyl- 
ys-indoxyl (IX; R =H, R’ = Me, R” = Ph) with alkalis under conditions which bring 
about the rearrangement of 1:2:3:4-tetrahydro-1l-hydroxycarbazolenine. The 
behaviour of the 3-hydroxy-2 : 3-dimethylindolenines (VIII; R =H, R’ = R” = Me; 
R = OMe, R’ = R” = Me), prepared from the hydroperoxides by reduction with alkaline 
sodium dithionite, indicates that the stability of Witkop and Patrick’s compound is due 
to the presence of the 2-phenyl group, and not, as these authors suggest, to the small 
migratory aptitude of the 3-methyl group. When heated with aqueous sodium hydroxide 
both 3-hydroxy-2 : 3-dimethylindolenines, which are colourless basic compounds, readily 
rearrange to yellow non-basic isomerides showing (in solution) the characteristic intense 
green fluorescence of 2: 2-disubstituted -indoxyls. These products are therefore form- 
ulated as 2: 2-dimethyl-f-indoxyl (IX; R =H, R’ = R” = Me) and 5-methoxy-2 : 2- 
dimethyl--indoxyl (IX; R = OMe, R’ = R” = Me). 


EXPERIMENTAL 


The light petroleum employed had b. p. 60—80°. 

5-Methoxy-3-methyl-2-phenylindole.-—An alcoholic solution of the crude phenylhydrazone, 
obtained from propiophenone (2-6 g.) and p-methoxyphenylhydrazine hydrochloride (3-5 g.), 
was saturated with hydrogen chloride, heated under reflux for 30 min., and poured on ice. 
The resulting brown oil was isolated with ether and distilled, giving a yellow viscous oil, b. p. 
230—240° /25 mm., which on being heated gave a sublimate of 5-methoxy-3-methyl-2-phenylindole, 
forming colourless needles (1-2 g.), m. p. 120°, from methanol (Found: C, 81-5; H, 6-4; N, 6-0. 
C,,H,,ON requires C, 81:0; H, 6-3; N, 5-9%). 

5-Methoxy-2-methyl-3-phenylindole.—Similarly prepared from p-methoxyphenylhydrazine 
hydrochloride (4-25 g.) and phenylacetone (3-2 g.), 5-methoxy-2-methyl-3-phenylindole crystal- 
lised from aqueous methanol (charcoal) in colourless needles (1:4 g.), m. p. 84—85° (Found : 
C, 81-1; H, 6-2; N, 59%). 

5-Methoxy-2 : 3-diphenylindole.—Prepared by the action of hot alcoholic hydrogen chloride 
on the p-methoxyphenylhydrazone of deoxybenzoin (4 g.), 5-methoxy-2 : 3-diphenylindole 
separated from aqueous methanol in buff prisms (2-3 g.), m. p. 155-—156° (Found: C, 84-0. 
H, 5-5; N, 4:6. C,,H,,ON requires C, 84-3; H, 5-7; N, 4-7%). 
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Preparation of Peroxides.—The indole was dissolved in sufficient hot light petroleum to pre- 
vent rapid crystallisation of the compound on cooling and a trace of benzoyl peroxide or one of 
the indoleninyl hydroperoxides was added to the solution. When separation of the crude 
crystalline hydroperoxide appeared to be complete, the product was collected and recrystallised 
as quickly as possible from ethyl acetate—light petroleum. 

5-Methoxy-3-methyl-2-phenyl-3-indoleninyl hydroperoxide formed yellow prisms, m. p. 148— 
150° (jecomp.) (Found: C, 71:0; H, 5-5; N, 5:3; OMe, 11:6. C,,H,,;0,N requires C, 71-4; 
H, 56; N, 5-2; OMe, 11-5%); the yield of crude peroxide was almost quantitative. 

2: 3-Dimethyl-3-indoleninyl hydroperoxide crystallised in colourless prisms, m. p. 113° 
{vigorous decomp.), easily soluble in cold dilute hydrochloric acid and aqueous sodium hydroxide ; 
the yield of pure product was 25% (Found: C, 67-6; H, 6:0; N, 7-9. Cj )H,,0O,N requires 

>, 67-3; H, 6-2; N, 7-9%). A-second, non-peroxidic substance subsequently separated slowly 

in low and variable yield from the residual reaction mixture and on crystallisation from ethanol, 
formed colourless, shining prisms, m. p. 225° (Found: C, 74:7; H, 6-9; N, 8:8% ; M, 242). 

5-Methoxy-2 : 3-dimethyl-3-indoleninyl hydroperoxide formed colourless prisms, m. p. 111° 
decomp.) (yield of pure product, 50%) (Found: C, 63-7; H, 6-2; N, 6-9; OMe, 14-9. 
C,,H,,0,N requires C, 63-8; H, 6-3; N, 6-8; OMe, 15-:0%). 

2-Benzamido-5-methoxyacetophenone.—A solution of 5-methoxy-3-methyl-2-phenylindoleninyl 
hydroperoxide (200 mg.) in a mixture of methanol (8 ml.) and 2N-aqueous sodium hydroxide 
(5 ml.) was heated under reflux for 30 min. and then concentrated. On dilution with water the 
residual solution deposited 2-benzamido-5-methoxyacetophenone which separated from aqueous 
methanol in yellow needles (115 mg.), m. p. 116° (Found: C, 71:1; H, 5-9; N, 5-3; OMe, 11-9. 
C,,H,,;0,N requires C, 71-4; H, 5-6; N, 5-2; OMe, 11:5%). The same ketone was formed by 
treatment of the peroxide with hot dilute hydrochloric acid. Hydrolysis of the benzamido- 
ketone (100 mg.) with a boiling mixture (30 ml.) of equal amounts of water, concentrated hydro- 
chloric acid, and acetic acid for 12 hr. gave benzoic acid, m. p. 121°, and 2-amino-5-methoxy- 
acetophenone, isolated as its hydrochloride, m. p. 186—187°, identical with a specimen from 
2-acetamido-5-methoxyacetophenone. 

2-A cetamido-5-methoxyacetophenone.—When 5-methoxy-2 : 3-dimethylindoleninyl hydroper- 
oxide (170 mg.) was dissolved in boiling water (30 ml.) and the solution kept at room temperature 
2-acetamido-5-methoxyacetophenone (96 mg.) slowly separated. Recrystallised from light petro- 
leum, this compound formed long, yellow needles, m. p. 91—92° (Found: N, 6-8; OMe, 14:8. 
C,,H,,0,N requires N, 6-8; OMe, 15:0%). 2-Acetamido-5-methoxyacetophenone was also 
obtained by decomposing the peroxide with hot benzene or with cold aqueous sodium hydroxide. 
Hydrolysis of 2-acetamido-5-methoxyacetophenone with hot 6N-hydrochloric acid for 4 hr. 
gave 2-amino-5-methoxyacetophenone which was isolated as the hydrochloride, forming buff 
prisms, m. p. 186—187°, from ethanol-ether (Found: N, 6:8; OMe, 15-2. C,H,,0,N,HCl 
requires N, 6-9; OMe, 15:-4%). This was shown to be the salt of a primary aromatic amine by 
the diazotisation test. 

3-A cetamidoacetophenone.—This product (yield, 50% of theoretical), which separated from 
a hot solution of 2 : 3-dimethylindoleninyl hydroperoxide in boiling water and was also formed 
slowly by treatment of the peroxide with cold aqueous sodium hydroxide, crystallised from 
light petroleum in yellow needles, m. p. 77—78° (Found: N, 8-0. Calc. for C,jH,,O,N: N, 
7:-9%) (Gevekoht, Ber., 1882, 15, 2086, records m. p. 76—77°). The oxime separated from light 
petroleum in colourless needles, m. p. 153° (Auwers and Meyenburg, Ber., 1891, 24, 2378, record 
m. p. 149—150°). 

3-Hydroxy- and 3-Hydroxy-5-methoxy-2 : 3-dimethylindolenine.—2 : 3-Dimethylindoleninyl 
hydroperoxide (0-75 g.) was agitated with a mixture of 2N-aqueous sodium hydroxide (10 ml.), 
sodium dithionite (1 g.), and ether (15 ml.) for 1 hr., the ether layer was separated, and the 
aqueous liquor was extracted with more ether. Evaporation of the combined, dried, ethereal 
extracts gave 3-hydroxy-2 : 3-dimethylindolenine as a cream crystalline solid (0-5 g.), m. p. 136— 
139°, which, on recrystallisation from ethyl acetate—light petroleum, formed colourless prisms, 
m. p. 143—144°, easily soluble in cold dilute hydrochloric acid but insoluble in cold 2N-sodium 
hydroxide (Found: C, 74:4; H, 6-8; N, 8-7. C,,H,,ON requires C, 74-5; H, 6-8; N, 8-7%). 

Similarly prepared from 5-methoxy-2 : 3-dimethylindolenine hydroperoxide, 3-hydroxy-5- 
methoxy-2 : 3-dimethylindolenine formed pale yellow plates, m. p. 124°, from benzene-—light 
petroleum (Found: N, 7-3; OMe, 16-7. C,,H,,0,N requires N, 7-3; OMe, 16-2%). 

2: 2-Dimethyl- and 5-Methoxy-2 : 2-dimethyl-p-indoxyl.—On being boiled with 2N-aqueous 
sodium hydroxide for 2—3 hr. 3-hydroxy-2 : 3-dimethylindolenine was converted into 2: 2- 
dimethyl--indoxyl which separated from light petroleum in pale yellow needles (75%), m. p. 
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89—90° (Found: C, 74-5; H, 7:1; N, 8-9. Cy9H,,ON requires C, 74:5; H, 6-8; N, 8-7%). 
5-Methoxy-2 : 2-dimethyl--indoxyl was prepared from 3-hydroxy-5-methoxy-2 : 3-dimethyl- 
indolenine by the same method, and on purification from light petroleum formed long yellow 
needles, m. p. 85—86° (40%) (Found: C, 69-1; H, 6-9; N, 7-3. C,,H,,;0,N requires C, 69-1; 
H, 6-8; N, 7-3%). Solutions of both products in methanol exhibited a strong green fluorescence. 
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The Bromination of Acridine. 


By R. M. Acueson, T. G. Hou tt, and (in part) K. A. BARNARD. 
[Reprint Order No. 5643.] 


Acridine and 5-phenylacridine with bromine in carbon tetrachloride give 
addition compounds, formulated as N-bromoacridinium bromides. In acetic 
acid acridine gives a mixture of 3-bromo- and 3 : 7-dibromo-acridine, identical 
with synthetic specimens of undoubted constitution. 


ACRIDINE has been reported (Senier and Austin, J., 1904, 1196) to react in chloroform 
with chlorine, bromine, and iodine to give a series of addition compounds. These com- 
pounds were inadequately characterised, and occasionally were formulated as acridans 
(I; R =H) on account of their non-fluorescence; attempts to prepare salts were stated 
to give the corresponding salts of acridine. Early accounts (Dunstan and Oakley, Ber., 
1906, 39, 981; Dunstan and Hilditch, J., 1907, 1659) of the bromination of 5-phenylacridine 
and derivatives are similar, and the addition compounds formed are stated to give N-methyl 
methosulphates of the original acridines with hot methyl sulphate. 

In order to clarify the situation, a carbon tetrachloride solution of acridine was treated 
with bromine. An orange addition compound was immediately precipitated, and a 
similar product was obtained from 5-phenylacridine. Analyses indicated that each 
acridine had combined with one mol. of bromine. The addition compounds did not 
fluoresce in chloroform, were unstable, and smelt of bromine; all the bromine was 
‘‘ available ’’ on treatment of these compounds with acidified potassium iodide. Attempted 
crystallisation of the phenylacridine addition product from ethanol gave 5-phenylacridine 
hydrobromide in good yield. The extreme solubility of acridine hydrobromide in ethanol 
doubtless precluded its separation in the case of the acridine adduct. However, bromine 
was evolved when the latter was boiled with dilute hydrochloric acid and basification then 
precipitated acridine. Only two structures (I and II) can easily account for these results. 
The ultra-violet absorption spectra are, however, consistent only with the N-bromo- 
acridinium bromide formulation (II). The spectrum of the acridine adduct is virtually 
identical with that of acridine hydrobromide (Fig. 1) while acridan is known to have only 
a flat maximum at ca. 2909 A and no appreciable absorption near 3500 A (Blout and Corley, 
J. Amer. Chem. Soc., 1947, 69, 763). Very similar results were obtained with the phenyl- 
acridine derivatives (Fig. 2); the small peak at 3600 A in the phenylacridan curve is almost 
certainly due to the presence of some phenylacridine formed by aerial oxidation. The 
existence of these N-bromoacridinium bromides lends some support to the hypothesis of 
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Lehmstedt and Dostal (Ber., 1939, 72, 1071) that 10-chloro-5-phenylacridinium chloride is 
an intermediate product in the reaction between 5-phenylacridine 10-oxide and hydrochloric 
acid. Similar compounds may exist in the quinoline series (cf. Meisenheimer, Ber., 1926, 
59, 1848; Bobranski, Ber., 1938, 71, 578), and N-bromopyridinium bromide may be the 
source of bromine cations in pyridine-catalysed brominations. 
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The substitutive bromination of acridine by N-bromosuccinimide in the presence of 
benzoyl peroxide, which presumably takes place by a free-radical mechanism, gives a 
mixture of two monobromoacridines and three dibromoacridines of unknown constitution 
among other products (Schmidt and Leutenegger, Helv. Chim. Acta, 1947, 30, 1965). 
Nitration of acridine (Lehmstedt, Ber., 1938, 71, 808), in agreement with electron-density 
calculations (Longuet-Higgins and Coulson, Trans. Faraday Soc., 1947, 48, 87), gives 
largely 3-nitroacridine and it was thought that cationoid bromination would effect substi- 
tution at the same position. Such was the case, and acridine with bromine in acetic acid 
gave a difficultly separable mixture of 3-bromo- (III; R =H) and 3: 7-dibromo-acridine 
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Fic. 1. A, 10-Bromoacridinium bromide. B, Acridine hydrobromide. 
Fic. 2. A, 10-Bromo-5-phenylacridinium bromide. B, 5-Phenylacridine hydrobromide. 
C, 5-Phenylacridan. D, 5-Phenylacridine. 


(III; R = Br), identical with authentic specimens. These acridines, which have almost 
the same melting points as two of those of Schmidt and Leutenegger, and 1:3:7: 9- 
tetrabromoacridine were prepared from the corresponding 5-chloroacridines by reaction 
with toluene-p-sulphonhydrazide and subsequent decomposition with alkali (cf. Albert 
and Royer, /., 1949, 1148). 

The reduction of phenylacridine to phenylacridan by sodium dithionite (hydrosulphite), 
a reagent used by Scholl and Neuberger (Monatsh., 1918, 39, 238) for the reduction of 
acridine, deserves comment as this procedure is much more convenient than the usual 
catalytic hydrogenation. 


EXPERIMENTAL 


All ultra-violet absorption spectra were measured in dry, ethanol-free chloroform. 

Acridine and Bromine.—(a) Bromine (2-0 g.) in carbon tetrachloride (10 ml.) was slowly 
added to acridine (2-0 g.) in carbon tetrachloride (25 ml.) at room temperature. The orange- 
yellow precipitate (3-6 g., 95%) of 10-bromoacridinium bromide was washed with carbon 
tetrachloride and, after drying im vacuo over potassium hydroxide and paraffin wax, had m. p. 
108° (Found: C, 45-8; H, 2-6; Br, 47-7. C,,H,NBr, requires C, 46-0; H, 2-7; Br, 47-2%). 
It showed Amax, 3410 and 3570 A (log ¢ 4-05 and 4-30 respectively). All operations on 10-bromo- 
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acridinium bromide were carried out with freshly prepared material as the compound was 
unstable. The “‘ available bromine ’’ was determined by dissolving a weighed portion in dilute 
acetic-sulphuric acid. The iodine liberated by the addition of potassium iodide was estimated 
by titration with standard sodium thiosulphate. The end-point (starch) of the titration was 
not very clear (Found: Br, 41-8, 42-0%). 

(b) Bromine (4-0 g.) was added to a solution of acridine (1-45 g.) in glacial acetic acid (70 ml.), 
and the mixture refluxed for 3 hr. Most of the solvent was then removed in vacuo, the residue 
poured into stirred aqueous ammonia, and the precipitate of bromoacridines (1-62 g.) collected 
and dried. It was almost completely soluble in chloroform, but chromatography from this 
solvent or benzene-light petroleum (b. p. 60—80°) over alumina effected little separation. The 
least soluble fraction obtained by repeated recrystallisation from ethanol was 3 : 7-dibromo- 
acridine, m. p. 247°, mixed m. p. 249° (see below) (Found: C, 46-7; H, 2-1%). The infra-red 
absorption spectra of the two samples were identical. 

The more soluble fraction had m. p. 167°, unchanged by further crystallisation. It was 
dissolved in the minimum volume of 2n-sulphuric acid and fractionally precipitated by aqueous 
sodium hydroxide. One fraction, after crystallisation from ethanol, had m. p. 172° and m. p. 
173° on mixture with authentic 3-bromoacridine (see below). The infra-red absorption spectra 
of the substances in paraffin paste were identical. Various attempts to obtain a more homo- 
geneous product from the bromination reaction by altering the conditions were unsuccessful. 

Refluxing acridine (1-0 g.) with a large excess (10 ml., in two portions) of bromine in acetic 
acid for 14 hr. gave only a gum (2-4 g.). A black tar was obtained when the bromination 
conditions of Derbyshire and Waters (J., 1950, 564) were applied to acridine. 

Acridine hydrobromide was prepared from acridine and hydrobromic acid (60%). It was 
extremely soluble in ethanol but separated from aqueous hydrobromic acid (15%) in yellow 
needles of the monohydrate, m. p. 267° (decomp.) (Found, after drying at room temperature : 
C, 56-1; H, 4:4; N, 4:8. C,,H,N,HBr,H,O requires C, 56:1; H, 4:3; N, 50%). It showed 
Amax, 0410 and 3575 A (log ¢ 4:10 and 4-36 respectively). 

3-Bromoacridine.—Hydrogen chloride gas was passed in a rapid stream through mixed 
saturated solutions of 3-bromo-5-chloroacridine (4-7 g.; m. p. 136°; Acheson and Robinson, /., 
1953, 232) and toluene-p-sulphonhydrazide (3-20 g.) in chloroform. Next day the yellow 
precipitate of the toluenesulphonhydrazide (6-45 g.) was collected, air-dried, and added to 
sodium hydroxide (10-9 g.) in water (81 ml.) and ethylene glycol (187 ml.). The mixture was 
heated on a steam-bath with intermittent stirring until no more nitrogen was evolved (3-5 hr.), 
poured into water (550 ml.), and refrigerated overnight. The precipitate of 3-bromoacridine 
separated from aqueous ethanol in yellow prisms (2-04 g., 49% overall yield), m. p. 175—175-5° 
(Found: C, 60-2; H, 3-1; Br, 30-9. C,,H,NBr requires C, 60-4; H, 3-1; Br, 31:0%). 

3: 7-Dibromoacridine.—This was prepared similarly from 3: 7-dibromo-5-chloroacridine 
(6-1 g.; Acheson and Robinson, /oc. cit.) and toluene-p-sulphonhydrazide (3-5 g.) in the minimum 
volume of boiling chloroform. The adduct (7-5 g.) was decomposed with sodium hydroxide 
(12-3 g.), water (93 ml.), and ethylene glycol (216 ml.) as before and the mixture poured into 
water (615 ml.).. The precipitate, on crystallisation from aqueous ethanol, gave 3 : 7-dibromo- 
acridine (3-07 g., 55%) as yellow plates, m. p. 249—250° (Found: C, 46-3; H, 2-4; N, 4-4, 
3-9. C,;H,NBr, requires C, 46-3; H, 2:1; N, 4:2%). 

1: 3:7: 9-Tetvabromoacridine.—The corresponding 5-chloroacridine (2-4 g.; Acheson and 
Robinson, Joc. cit.) was treated with toluene-p-sulphonhydrazide (0-95 g.) as before and the 
adduct (3-0 g.) decomposed by heating it with sodium hydroxide (4-0 g.), water (15 ml.), and 
ethylene glycol (35 ml.). The crude product (1-1 g., 49%) on crystallisation from benzene gave 
1:3: 7: 9-tetrabromoacridine as pale yellow rhombs, m. p. 286—287° (Found: C, 31-5; H, 1-1. 
C,,;H,;NBr, requires C, 31-5; H, 1-:0%). 

5-Phenylacridines (with K. A. BARNARD).—5-Phenylacridine (Cohen, ‘‘ Practical Organic 
Chemistry,’’ Macmillan, London, 1924, p. 305), very pale yellow needles, m. p. 184°, showed 
Amax, 2600 and 3600 A (log ¢ 4-49 and 4-01 respectively). 

10-Bromo-5-phenylacridinium bromide was prepared by mixing 5-phenylacridine (3-0 g.) and 
bromine (1-9 g.) in carbon tetrachloride (100 and 50 ml. respectively). The yellow precipitate, 
dried over paraffin wax and potassium hydroxide, had m. p. 116° (Found: C, 55:3; H, 3:3; 
Br, 38-1, 38-9. C,,H,,NBr, requires C, 54:9; H, 3-1; Br, 386%). The ultra-violet absorption 
spectrum showed Aa, 2650, 3425, 3600, and 3900 A (log ¢ 4-58, 4-09, 4-33, and 3-86 respectively). 
The “available bromine ’’ was estimated by addition of excess of aqueous potassium iodide 
and chloroform, followed by titration with thiosulphate until the chloroform changed from 
orange-red to yellow. The end-point was sharp and reproducible in contrast to that obtained 
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by using starch (Found: Br, 37:1, 37-4%). Attempted crystallisation of the acridinium 
bromide from aqueous ethanol, or aqueous dioxan, gave brilliant yellow needles of 5-phenyl- 
acridine hydrobromide, m. p. and mixed m. p. 296° (Found: C, 67-5; H, 4:1; Br, 24-3. 
C,,H,,N,HBr requires C, 67-9; H, 4:2; Br, 23-8%). Its ultra-violet absorption spectrum 
showed Amax, 2650, 3425, 3600, 3975, and 4100 A (log ¢ 4-58, 4-00, 4-25, 3-77, and 3-78 respectively). 

5-Phenylacridan.—Aqueous sodium dithionite (cf. Scholl and Neuberger, /oc. cit.) was added 
to 5-phenylacridine (3-0 g.) in refluxing ethanol (130 ml.) until the solution became colourless. 
On cooling, phenylacridan was precipitated, and on recrystallisation separated from ethanol in 
colourless prisms (2-75 g., 91%), m. p. 171° (Bergmann, Blum, and Christiani, Annalen, 1930, 
483, 80, give 170°). Its ultra-violet absorption spectrum showed dAmax. 2500, 2875, and 3600 A 
(log « 4-41, 4:15, and 3-42 respectively). 


We thank Mr. F. Hastings for some of the optical data which were obtained under the 
supervision of Dr. F. B. Strauss. 
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Studies in Spectroscopy. Part VII.* Spectroscopic Evidence for 
Molecular-compound Formation with Iodine Cyanide. 
3y R. N. HASZELDINE. 
[Reprint Order No. 5236.] 


Iodine cyanide acts as a weak Lewis acid and forms molecular compounds 
with neutral-molecule Lewis bases such as alcohols, ethers, nitriles, 
carbonates, ketones, amides, amines, and halogen compounds. Solvent-— 
solute interaction is demonstrated by ultra-violet and infra-red spectroscopic 
studies, and the nature of the molecular compound is discussed. The 
relative basicities of certain of the neutral-molecule bases towards iodine 
cyanide can be assessed. Both iodine and iodine cyanide produce distinct 
changes in the infra-red spectra of the stronger Lewis bases, but only weak 
complex formation takes place with cyanogen bromide. Compound form- 
ation cannot be detected between iodine or iodine cyanide and benzene or 
hex-1l-ene by infra-red spectroscopy although these solvents markedly change 
the ultra-violet spectra of iodine. 


THE formation of molecular complexes between iodine, bromine, iodine monochloride, or 
iodine monobromide (Lewis acids) and organic compounds such as aromatic hydrocarbons, 
ethers, alcohols, or ketones (Lewis bases) has been established by use of ultra-violet 
spectroscopy (see Benesi and Hildebrand, ]. Amer. Chem. Soc., 1949, 71, 2703; Mulliken, 
ibid., 1950, 72, 600; 1952, 74, 811); Glusker, Thompson, and Mulliken (J. Chem. Phys., 
1953, 21, 1407) interpreted small changes in the infra-red spectra of electron-donor solvents 
containing iodine as due to complex formation. Molecular-complex formation was recently 
postulated (Part V, J., 1953, 2622) to explain the marked effect of solvent on the ultra- 
violet spectra of polyfluoro-iodo-compounds such as heptafluoroiodopropane. The present 
paper presents ultra-violet and infra-red spectroscopic studies which indicate that complex 
formation or marked solvent-solute interaction occurs with iodine cyanide, a compound 
which contains iodine linked to carbon and shows distinct similarity to heptafluoroiodo- 
propane. 

Fairbrother (J., 1950, 180) presented clear evidence from measurement of dielectric 
polarisation that iodine cyanide undergoes a polarisation in an electron-donor solvent 
similar to that shown by molecular iodine. He found its dielectric polarisation to be 
substantially higher in dioxan, dizsobutylene, or benzene than in carbon tetrachloride. In 
these solvents it was substantially non-conducting and would thus be expected to have 
a normal molecular weight. Fairbrother also concluded that solvent-solute interaction 


* Part VI, J., 1954, 691. 
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occurred from the ultra-violet light absorption of iodine cyanide in carbon tetrachloride, 
ditsobutylene, and dioxan, since there was a displacement towards the shorter wave-lengths 
in the electron-donor solvents. These spectroscopic studies were limited by the type of 
apparatus used, since only absorption of long wave-length (>260 my) could be recorded. 
Gillam’s earlier study (Trans. Faraday Soc., 1933, 29, 1132) also showed no maximum in 
the absorption curve of iodine cyanide down to 240 mu. 

In the present work the ultra-violet spectra of solutions of iodine cyanide have been 
examined over a much wider range. In light petroleum or in cyclohexane solution, it shows 
a maximum near 242 my (Table 1, Fig. 1), and observation of the position or the 
disappearance of this when iodine cyanide is dissolved in other solvents enables complex 


TABLE 1. Ulztra-violet spectra of iodine cyanide. 
Solvent a "ey Amin. Emin. Solvent } 
Light petroleum... 242 150 214 65 subenssngnosicsinte. eae 
cycloHexane 241 170 215 70 225 
SUE Ra oeoke0 05s ose sceane 244 180 = — ° psaehovened 225 fT 
BUG. sisiccconany eee 240 _ — CF,;°CH,-OH 224 Tt 
* Saturated solution at 20°. t Minimum below 210 mz. 


Values of ¢ for A as named 

Solvent A = 260 250 240 230 220 
WN ic csctsnisnes 80 125 200 310 
SORE hihendvsy cure 90 140 225 340 
ae ee 110 165 250 360 
HO-CH,°CH,*‘OH ‘ 133 197 291 405 
CH,CI-CH,°OH ... lll 168 244 339 
seer 114 157 258 413 | — 
(CH;),CO, 87 122 188 237 | 240—248 
RPNORBR ein csecsanss 5 121 193 331 540 — 

~ 
CH,°CH-CH,’O .... 112 160 223 354 —_ — 
OY 2 eR See ee j 108 160 233 310 95 | — 
gS 130 170 219 280 — — 
i, & eee 154 215 274 310 a 


¢ These inflections are only slight. 


formation to be clearly demonstrated. By analogy with the results for heptafluoroiodo- 
propane and similar compounds recorded in Part V, the spectrum of iodine cyanide in light 
petroleum or cyclohexane is taken as essentially the same as that of iodine cyanide vapour, 
t.e., to be the spectrum when solvent-solute interaction is negligible. Silicon tetrachloride 
is a non-polar solvent similar to carbon tetrachloride, but with the advantage that it is 
transparent to ultra-violet light at much shorter wave-lengths; the spectrum of iodine 
cyanide in silicon tetrachloride is thus very similar to that in light petroleum. 

The other solvents used reveal solvent-solute interaction, and this is attributed to 
molecular-complex formation between iodine cyanide and a neutral-molecule base B, of the 
1: 1 or possibly the 1 : » donor-acceptor type. Iodine cyanide acts as a neutral-molecule 
Lewis acid by virtue of the incompletely satisfied electronegativity of its iodine atom, just 
as heptafluoroiodopropane, containing the strongly electronegative C,F, group, acts as a 
weak Lewis acid (cf. N=C ~«I and C,F,;-—~« I). The donated electron in the structure 
‘Y[B*-(ICN)~] is derived from a lone pair of electrons in B (ROH, OR,, RCI, RCN, R,CO), 
and it is suggested that the wave-functions are mainly of the {(ICN):(B)] van der Waals 
type [e.g., R,O*-(I-CN)~] with formation of a weak covalent bond between (ICN)~ and the 
odd electron of B*. Resonance in the excited state could involve structures similar to 
those suggested by Mulliken for iodine complexes and postulated in Part V for complexes 
involving heptafluoroiodopropane and other polyhalogeno-iodo-compounds. 

As the strength of the neutral-molecule base increases, the absorption maximum of 
iodine cyanide is shifted further to the blue, and in many cases lies below 200—210 my. 
which is the limit of the instrument used (Table 1, Fig. 1). In the relatively strong neutral- 
molecule bases, methanol, ethanol, and isopropanol, iodine cyanide shows only general 
absorption or an ill-defined inflection. Its solutions in ethylene glycol or 2-chloroethanol 
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similarly show only general absorption. Trifluoroethanol is distinctly less basic than 
ethanol (Haszeldine, J., 1953, 1757), and the spectrum in this solvent is displaced towards 
that in light petroleum (Table 1). Comparison of the shifts relative to the maximum in 
light petroleum gives an approximate measure of the relative basicities of 
the alcohols towards iodine cyanide: MeOH > EtOH > PriOH > CH,Cl-CH,-OH > 
HO-CH,°CH,°OH > CF,°CH,°OH. 

Ethers are powerful Lewis bases, and ethyl ether, dioxan, and propylene oxide displace 
the maximum of dissolved iodine cyanide to approximately the same extent as the alcohols. 
In a perfluoro-ether such as (C,F,),0 the electronegative perfluoroalkyl groups substantially 
prevent the lone pairs of electrons on the oxygen atom from being used in complex form- 
ation, t.e., the perfluoro-ether is a very weak Lewis base. Iodine cyanide is only slightly 
soluble in perfluoro-n-butyl ether, but a saturated solution shows a distinct maximum in 
the spectrum, showing that at best only extremely weak complex formation is taking place. 


Fic. 1. Ultra-violet absorption spectrum of iodine cyanide in: (a) light petroleum, (b) trifluoroethanol, 
(c) n-butyl chloride, (d) tert.-butyl chloride, (e) ethyl ether, (f) methanol, (g) isopropanol, and (h) silicon 
tetvachloride. 


400 


a A. AL = 


240 250 
Wave -length (mu) 


220 230 
The spectrum of iodine cyanide in ethyl ether shows no absorption maximum ; if a stronger 
Lewis acid than iodine cyanide is added to the ether it should displace the iodine cyanide 
from its ether complex and the spectrum of the solution should approach that of idoine 
cyanide in an inert solvent such as cyclohexane. This can be demonstrated by use of 
boron trifluoride, and iodine cyanide in boron trifluoride-ether shows a maximum at 
225 muy. 

Dimethyl carbonate shows complex formation with iodine cyanide, and here the 
complex could be either of two types, or both: involving the MeO groups as in the ether 
complexes, or the carbonyl group [e.g., (MeO),C=—O*t—(I-CN)~] 

As demonstrated earlier with heptafluoroiodopropane, the butyl chlorides can act as 
weak Lewis bases, and with iodine cyanide give weak complexes (Bu"Cl),(ICN) and 
(Bu‘Cl),(ICN), involving a lone pair of electrons on the chlorine atom. When dissolved 
in n- or tso-propyl chloride, iodine cyanide shows an inflection near 230 my, again suggesting 
weak complex formation through the chlorine atoms. 

The formation of a molecular complex between iodjne cyanide and acetonitrile may be 
inferred from the absence of an absorption maximum (Table 1). Here complex formation 
may occur through the nitrogen atom or, more plausibly, through the electrons of the 
triple bond. 
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Dilution of a solution of iodine cyanide in a Lewis-base solvent such as ethanol by light 


petroleum moves the absorption maximum back to the longer wave-length. 
shown in Fig. 2 and Table 2. 


This effect is 
The weak inflection observed with pure ethanol as solvent 


becomes a maximum whose intensity drops steadily as it moves to longer wave-length. 
There is an isosbestic point ca. 240 my, and these results are consistent with the formation 


400 


Ultva-violet spectrum of iodine cyanide 
in ethanol-light petroleum. 
Light 
Ethanol petroleum 
5 
10 
100 
200 
500 
100% 


s a 


230 240 250 260 
Wave-length (mp) 


of a molecular compound in solution; the marked effect of 0-2°% and 0-5% by volume of 

ethanol on the spectrum of iodine cyanide in light petroleum is particularly noteworthy. 
Infra-red Spectra.—The marked variation of the ultra-violet spectra of solutions of 

iodine or iodine cyanide might be expected to be reflected in the infra-red spectra of the 
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solutions. 


6 EtOH 
POOL. csiicubebanas 


TABLE 2. The effect of mixed solvents. 

Solvent 

Infl. 210—214 my, ¢ 380 

211—214 my, ¢ 370 

» 215 mp, € 360 

Max. 214 muy, € 365 
Max. 217 my, € 220 
Max. 224 my, € 170 
Max. 230 my, € 150 

Infl. 210—215 my, € 380 

Max. 242, ¢ 150; min. 214, ¢ 65 


” 


* Petrol = light petroleum, b. p. 60—80°. 


Ham, Rees, and Walsh (Nature, 1952, 169, 11; J. Chem. Phys., 1952, 20, 1336) 


failed to observe any change in the infra-red spectrum of benzene, mesitylene, or ethyl 
ether when these solvents were saturated by iodine, however, although very marked 


changes in ultra-violet spectra are well established. 


Ham et al. concluded that solvent 


[1954] Haszeldine: Studies in Spectroscopy. Part VII. 4149 


complexes did not exist in these cases, particularly since pyridine, which gives a well- 
defined crystalline compound with iodine, shows a marked change in infra-red spectrum 
when iodine is added. Glusker ef al. (/oc. cit.) in a recent preliminary note subsequently 
reported that pyridine and the picolines gave distinct new bands in the infra-red when 


Fic. 3. Infra-red spectra. (The upper curve of each pair represents the solution spectrum, and the 
lower the pure solvent spectrum.) 
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4) 
(a) Iodine in ethyl ether. 


(b—f) Iodine cyanide in (b) ethyl ether, (c) dioxan, (d) acetone, (e) ethyl methyl ketone, and (f) dimethyl- 
formamide. 


saturated by iodine; no change in spectrum could be detected when carbon disulphide, 
acetonitrile, benzene, toluene, or the xylenes were used as solvents. Small but definite 
effects were observed, however, when iodine was dissolved in ether, dioxan, tetrahydro- 
furan, ethyl acetate, or in certain ketones (e.g., acetone). Mention was also made of studies 
with iodine cyanide, but no details were given. 

The results of Ham et al. for benzene have also been confirmed during the present work 
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since, with the resolving power available with a sodium chloride prism, no change in infra- 
red absorption spectrum can be observed when benzene is saturated with iodine. This is 
somewhat surprising in view of the marked changes in ultra-violet spectrum of iodine when 
dissolved in benzene. Hex-l-ene solutions of iodine also failed to show changes in infra- 
red spectra. Solvent-solute interaction has been detected, however, with solutions of 
iodine in dry acetone, and this confirms the earlier observations by Glusker e¢ al. and their 
interpretation of them. Small but distinct changes are apparent (Fig. 3), and in particular 
the C:O stretching vibration at 5-81 » in pure acetone is moved to 5-83 » with a shoulder 
at 5-79 u in the spectrum of the iodine solution; this clearly reveals that the iodine, bonded 
to the carbonyl-oxygen atom, is modifying the C:O vibration. More detailed infra-red 
studies have been made with iodine cyanide, since this is more soluble in many organic 
solvents, and these also strongly support the concept of solvent-solute compound formation. 
Compound formation does not occur with carbon disulphide, chloroform, tetrachloro- 
ethylene, benzene, hex-l-ene, or formamide. It occurs with ethyl ether, dioxan, acetone, 
ethyl methyl ketone, and, particularly, dimethylformamide and n-butylamine. 

A solution of iodine cyanide in ethyl ether shows a strong new band at 9-08 yu clearly 
caused by modification of the C-O-C vibration at 8-90 uw (Fig. 3). Dioxan solutions 
similarly show new bands at 9-10 and 12-04 u (Fig. 3), again suggesting complex formation 
involving the oxygen and causing shifts in the normal C-O-C vibrations at 8-92 and 11-45 p. 
These observations support the conclusions based on ultra-violet spectra. 

Acetone solutions reveal complex formation particularly clearly, since the carbonyl 
stretching vibration at 5-81 yu splits into two with a shift to longer wave-length (5-83, 
5-86 uw), and a new band appears at 8-13 1. Complex formation involving carbonyl oxygen 
is also revealed by similar shifts in the CO bands of ethyl methyl ketone at 5-80 and 8-55 u. 
Complex formation between ketones and iodine cyanide cannot be shown by ultra-violet 
spectroscopic studies, since the solvent itself has too powerful an absorption in the region 
of interest. 

Complex formation cannot be detected with formamide, but dimethylformamide shows 
strong interaction with iodine cyanide. Band shifts and new bands are apparent in the 
infra-red spectrum (see Fig. 3), and in particular there is a marked change (0-08 u) in the 
position of the carbonyl band suggesting that complex formation involves the carbonyl- 
oxygen atom rather than the amide-nitrogen atom. 

In the examples given above the changes in infra-red spectra are minor though distinct, 
and the spectra are very similar to those of the pure solvent. An almost complete change 
in spectrum is produced when iodine cyanide is dissolved in butylamine and it is probable 
that the bond here tends to that of a true compound of the type [BuNH,I}*CN™ similar 
to that from pyridine and iodine. 

The position of the CIN stretching vibration changes only slightly. This supports the 
postulate that complex formation occurs through the iodine atom of iodine cyanide; so 
does the failure of cyanogen bromide to change the infra-red spectrum of acetone 
significantly at concentrations comparable with those used for iodine cyanide; some 
indications—much weaker—of complex formation are given also with cyanogen bromide in 
dimethylformamide. 

The infra-red and ultra-violet spectroscopic results reported above thus provide 
independent supporting evidence for the solvent-solute interaction with iodine cyanide 
first shown by Fairbrother. ' 


EXPERIMENTAL 

Iodine cyanide and iodine were purified by sublimation and thoroughly dried (P,Os) 
in vacuo. 

Ultra-violet Spectva—A Unicam Spectrophotometer was used adjusted to give maximum 
sensitivity at low wave-lengths. Solvents were specially dried and purified and were transparent 
(i.e., transmitted more than 40% of the light) at the wave-lengths studied. The light petroleum 
had b. p. 60—80° before purification. Matched 1-0, 0-5, or 0-1 cm. cells were used. The solvent 
ratios given in Table 2 are by volume. 
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Infra-red Spectra.—These were recorded with a Perkin-Elmer Model 21 with rock-salt optics. 
The pure dry solvent was first recorded for various cell thicknesses (usually 0-1 mm., 0-01 mm., 
and capillary film) so that both weak and strong bands could be observed. The spectrum of a 
saturated solution of iodine cyanide in the solvent was then recorded on the same sheet of paper 
with identical conditions and cell thicknesses as before. In this way minor shifts and changes 
in intensities could be detected and errors were reduced to a minimum. Shifts in wave-length 
of 0-01—0-02 » were then significant and reproducible. The experiments were repeated at 
least once to ensure that the changes observed were real. The absolute accuracy of the wave- 
length calibration is +0-01 p. 

The curves in Fig. 3 are diagrammatic and not to scale. To make the changes in spectra 
clearer, the curves of solution and solvent have been separated, since on the actual recording 
the bands often overlap. Unless stated, the intensities of bands are nearly the same for solvent 
and solution. 

A saturated solution of iodine in acetone shows the C:O stretching at 5-83 u (cf. pure acetone 
5-81 uw) with a shoulder at 5-79 u. New bands apear at 8-13 u (strong side band) and 8-81 pu. 

The positions of the C3N stretching vibration and the changes (new bands or shifts) in the 
infra-red spectra of various solvents when saturated with iodine cyanide are summarised below : 


CS,: 4:61. No change. 

CHCl,: 4-61. No change. 

C,Cl,: 461. No change. 

Nujol mull: 4-62. Iodine cyanide shows no other absorption in the region studied. 

H:CO’-NH,: 4:65. No change (low solubility). : 

C.H,: 4:63. No change. 

Hex-l-ene: 4-6ly. No change. 

Et,0: 4:62. New weak band at 4:03. Strong side band appears at 9-08». 9-75- band (medium) 
shifts to 9-77». 10-92-4 band shows a marked increase in intensity and is now stronger than the 
10-72-4 band. The shoulder at 12-00 u» changes to a distinct sharp band with increase of intensity. 

Dioxan: 4-63. 4-05-~1 band moves to 4-024. New band (medium) appears at 9-10. Distinct 
shifts of 9-22 and 9-52 uw bands to 9-25 and 9-544. New band (medium) appears at 9-86 pw in place 
of weak shoulder. 11-45-u band shifis to 11-47. Strong new band appears at 12-04 p. 

COMe,: 4:63. New bands (weak) at 3-80, 4:02 4. Carbonyl band at 5-81 yp splits to give two strong 
bands at 5-83 and 5-86. A new strong band appears at 8-13 y, on the side of the 8-18 » band. 

COMeEt: 4:64. 3-98 band moves to 4:05 ~. Carbonyl band at 5-80 » moves to 5-82 w and a strong 
side band appears at 5-87. 8-55-u band shifts to 8-52 wp. 

H:CO-NMe,: 4:64. New band (weak) at 3-85. 4-00-~ band shifts to 4:02. 4-32- and 4-40-p 
bands (weak) have reversed relative intensities and appear at 4-34 and 4:39. New band (weak) 
at 4-824. 4-88-u band decreases in intensity. 5-10-y band shifts to 5-064. New band (medium) 
at 5-66 ». Carbonyl band at 5-94 » moves to 6-02». 7-10-~ band shifts to 7-06. Band at 7-60 4 
disappears. 9-15-p band shifts to 9-07 ». New band (medium) at 9-87 p. 

Bu®NH,: 4-63. Marked change in spectrum. Sharp doublet (medium) of N-H at 2-96, 3-034 
becomes a single band at 3-174. New bands (medium) at 3-77, 3-97. 4-51-y band has increased 
intensity. 4-76- and 5-85-u bands disappear. 6-22-y band shifts to 6-15. New band (strong) at 
6-67 ». 7-92-4 bandsincreasedinintensity. New bandsat 8-55and 8-75. 8-90-y band disappears. 
9-20-n band shifts to 9:30 4. New bands (weak) at 9-57, 9-85. 10-00-, 10-35-~ bands disappear. 
New strong doublet at 10-85, 11-00 n. Broad band at 11-95 » disappears. New band at 12-45 yp. 


The following observations were made with cyanogen bromide : 


Nujol mull: C:N 4-58 p. 

COMe, solution: C:N 4:59. Carbonyl bands at 5-81 and 8-16 show no signs of broadening or of 
splitting. No new bands detected. 

H:CO-NMe;, solution: C:N 4-58. 4-00-~ band shifts to 3-93. Carbonyl band moves from 5-94 to 
5-97 w, and 9-15-n band moves to 9-11 x. 
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Cyanamides. Part VII.* Synthesis of Arenesulphonylmelamines 
and Arenesulphonylammelides. 


By FREDERICK KuRZER and J. Roy PowELt. 
[Reprint Order No. 5300.] 


The structure of triarenesulphonylmelamines, previously suggested on the 
evidence of degradation (Part VI *), is confirmed by the synthesis of these 
compounds from cyanuric chloride and sodium arenesulphonamides. Under 
suitable conditions, this reaction affords N-sulphonylammelides. The ultra- 
violet absorption spectra of the new derivatives are recorded. 


THE action of arenesulphonyl chlorides on N-aryl-N’-cyanoureas, N-arylbiurets, or 
N-arenesulphonyl-N’-cyanoguanidines yields trisulphonylmelamines (Kurzer and Powell, 
Chem. and Ind., 1953, 195; J., 1953, 2531), the structure (III) of which was established by 
hydrolytic degradation. The structural proof is now completed by an unequivocal 
synthesis of triarenesulphonylmelamines from a preformed triazine nucleus. 

A number of acylmelamines, including the tribenzoy] derivative, have been synthesised 
by treatment of melamine with acid anhydrides at high temperatures (Ostrogovich, 
Gazzetta, 1935, 65, 566; Cason, J. Amer. Chem. Soc., 1947, 69, 495; Emerson and Patrick, 
ibid., 1948, 70, 343). Our efforts to extend this method to the production of sulphonyl- 
melamines by employing arenesulphonic anhydrides under various conditions, however, 
were not successful. 

Arenesulphonamido-groups were introduced directly into the triazine ring by inter- 
action of cyanuric chloride with sodium salts of arenesulphonamides in non-ionising 
solvents. Phillips (J., 1941, 9) synthesised arenesulphonylpyrimidines by refluxing 
halogenopyrimidines with sulphanilamide in the presence of potassium carbonate and 
copper powder, and ascribed this condensation involving the sulphonamido- rather than 
the amino-group of sulphanilamide to the intermediate formation of its potassium salt. 
The present results are in agreement with this. 

In the temperature range 140—190°, the action of 6—7 mols. of sodium sulphonamide 
on 1 mol. of cyanuric halide (I) resulted in the replacement of all three halogen atoms, 
triarenesulphonylmelamines (III) being conveniently obtained as sole products in good 
yields. For example, cyanuric chloride in boiling xylene or decahydronaphthalene yielded 
tritoluene-p-sulphonylmelamine (III; R = p-C,H,Me:) as its sodium salt. The observ- 
ation that triarenesulphonylmelamines thus synthesised were identical with specimens 
obtained by the less obvious routes (loc. cit.) confirms the structures previously suggested. 

The interaction of cyanuric chloride with ammonia, amines, and alcohols may be 
controlled by a suitable choice of the reaction conditions in such a way that one, two, or 
all three halogen atoms are successively replaced (Fierz-David and Matter, J. Soc. Dyers 
and Col., 1937,58, 424; Kaiser, Thurston, and their co-workers, J. Amer. Chem. Soc., 1951, 
73, 2981, and subsequent papers). Attempts were therefore made to limit the replacement 
in the present reaction. Treatment, at lower temperatures, of cyanuric chloride with only 
2—2-5 equivalents of sulphonamide introduced one sulphonamido-residue and afforded 
N-monoarenesulphonylammelides (V). For example, the primary product on use of 
sodium toluene-p-sulphonamide in boiling benzene, though not obtained pure, was 
obviously the sodium salt of 2: 4-dichloro-6-toluene-p-sulphonamidotriazine (II; R= 
p-C,H,Me:), and when warmed in alkali afforded good yields of N-toluene-p-sulphony]l- 
ammelide. 

The structures of the N-arenesulphonylammelides (V) were confirmed by the methods 
that have proved reliable in the triarenesulphonylmelamine series (Part VI, loc. cit.). 
Hydrolysis by ethanolic hydrochloric acid afforded cyanuric acid and the sulphonamide ; 
treatment with concentrated sulphuric acid, on the other hand, gave appropriate 
proportions of ammelide and the sulphonic acid. 


* Part VI, J., 1953, 2531. 
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Attempts to establish the conditions for the replacement of two chlorine atoms in the 
triazine system were only partially successful. There was no doubt that diarenesulphonyl- 
ammelines (IV), arising from intermediate 2-chloro-4 : 6-diarenesulphonamidotriazines, 
were produced in the reaction with 4—6 equivalents of sodium arenesulphonamides in 
boiling benzene but they could not be separated completely from the monoarenesulphony]l- 
ammelides (V) formed simultaneously. Reaction at higher temperatures, ¢.g., in boiling 
toluene, followed by the usual treatment with alkali, gave mixtures of the three products 
(III, IV, and V). 
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In the formation of both triarenesulphonylmelamines and N-arenesulphonylammelides 
from cyanuric chloride, two molecules of sodium sulphonamide were required, in practice, 
for the replacement of one halogen atom, the products being obtained as sodium salts. 
Treatment of cyanuric chloride with 4 instead of 7 equivalents of the arenesulphonamide 
salt, for example, reduced the yield of arenesulphonylmelamine from 78 to 12%. Triarene- 
sulphonylmelamines (III) [and presumably also dichloroarylsulphonamidotriazines (II)] 
are stronger acids than the sulphonamides from which they are derived (cf. Table). The 
reaction does therefore not terminate with the production of the free acids (II or III), but 
immediately consumes a second equivalent of sulphonamide salt in the formation of sodium 
salts of the arenesulphonyltriazines (II or III). Similar observations were made in the 
synthesis of substituted melamines from 2 : 4-diamino-6-chlorotriazines and amines of 
different strengths (Kaiser, Thurston, Dudley, Schaefer, Hechenbleikner, and Holm-Hansen, 
J. Amer. Chem. Soc., 1951, 78, 2985). 


pH of 0-005M-solutions of sulphonamides and trisulphonylmelamines. 


Compound Me¢ Ph? p-C,H,Me?® 
R:SO,"NH, ac bde Seb sdu Sed bunceb eee aua 5-25 5-90 5-95 
(R- SO, ‘NH: CN); ‘(II) Rae AG Pages eine, 260 2°35 2-50 2-85 


* Measured in water. ° Measured in 33% aqueous ethanol. 


Attempts to prepare triarenesulphonylmelamines from melamine itself by several methods 
were unsuccessful. Melamine was recovered unchanged after treatment with toluene-f- 
sulphony] chloride in pyridine (in which the base, however, was only sparingly soluble) ; this 
differs from a claim by Anderson, Faith, Manson, Winnek, and Roblin (J. Amer. Chem. Soc., 
1942, 64, 2902) to have introduced one f-nitrobenzenesulphony] residue into melamine by 
this method. Melamine also failed to yield the desired products when treated with the 
acid halide in the presence of alkali in water or aqueous acetone. In this respect, amino- 
(or imino)-groups linked to the s-triazine nucleus differ therefore from those of the closely 
related 2-aminopyridine and 2-aminopyrimidine, both of which react readily with arene- 
sulphonyl chlorides under comparable conditions (Hinsberg and Kessler, Ber., 1905, 38, 
906; Ewins and Phillips, B.P. 530,187, 512,145; Roblin, Williams, Winnek, and English, 
J. Amer. Chem. Soc., 1940, 62, 2002). The analogous behaviour of hydroxy-groups was 
also observed : cyanuric acid, though readily soluble in pyridine, did not react with arene- 
sulphonyl halides in this solvent. The general chemical behaviour of hydroxy-, alkoxy-, 
amino-, and halogeno-s-triazines suggests their classification with acids, esters, amides, and 
acid halides rather than with aromatic (or, indeed, aliphatic) compounds bearing corre- 
sponding substituents (cf., for example, Ponomarev, Ber., 1885, 18, 3267; Hofmann, Ber., 
1886, 19, 2067; Thurston e¢ al., J. Amer. Chem. Soc., 1951, 73, 2995, 2999). 
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As the Figure (curves A, B, and C) shows, in agreement with general experience (Jones, 
Chem. Reviews, 1943, 32, 11), the introduction of methyl groups into the molecule has little 
effect on the general outline of the ultra-violet absorption curve of triarenesulphony]l- 
melamines, beyond causing a slight bathochromic displacement of the high-intensity 
maximum. For comparison, some data for triazines and arenesulphonamides are 
summarised in the annexed Table. In acid solution (but not in neutral solution, 
cf. curve E), melamine has a peak at 236 my (Klotz and Askounis, J]. Amer. Chem. Soc., 
1947, 69, 801). Methanesulphonamide is optically transparent in the near-ultra-violet 
range. The spectrum of trimethanesulphonylmelamine (curve D) contained a broad 
maximum of relatively low intensity at 263 my, but lacked the typical features of the 


Absorption spectra of melamine, triarenesul- 
phonylmelamines (III) and triarenesul- 
phonylammelides (V). Curve E, mela- 
mine. 


Compound Compound 
(V) 
DCI MO oii .snscovses d F 
Ph G 


H 


Wave-length (mz) 


absorption curves of the arenesulphonylmelamines. The absorption characteristics of 
the latter compounds are therefore not likely to be primarily due to the presence of the 
triazine nucleus. Doub and Vandenbelt (J. Amer. Chem. Soc., 1947, 69, 2714) have traced 
the progressive bathochromic displacement of the absorption bands of benzene as a result 
of substitution in the aromatic nucleus. It is suggested that the high-intensity band of 


loge Amax. (my) loge 

Benzenesulphonamide ¢ . 3-99 264-5 ¢ 2-87 
Toluene-p-sulphonamide ° - 4-12 262-5 2-73 
MOROMARIG Sosy oxi cccgunntsiciatdanse «vccbnenenan : 3-99 — — 
Cyanuric chloride? ......... ‘ 238 ~- a 
Measured in * water, ® 0-1 

1—2-8, and ¢ methanol (Klotz and Askounis, Joc. cit.). 

1949, 410. 


benzene (198 mu; ¢ 8000), already intensified and displaced towards the longer wave- 
lengths in sulphonamide (see Table) by the marked bathochromic influence of sulphonyl 
substituents (Bbhme and Wagner, Ber., 1942, 75, 606; Kumler and Strait, J]. Amer. Chem. 
Soc., 1943, 65, 2349), is further modified by additional electronic interaction with the 
triazine nucleus, so as to appear as the high-intensity maximum in triarenesulphonyl- 
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fee 


melamines. The less well-defined bands between 262 and 278 my may originate from the 
low-intensity benzenoid absorption near 255 my (cf. Gillam and Stern, “ Electronic 
Absorption Spectroscopy,”’ Arnold, London, 1954, pp. 116, 124). As with the triarene- 
sulphonylmelamines (III), differences in the absorption properties of aromatic and non- 
aromatic sulphonylammelides (V) (cf. Figure, broken curves) were very marked, 


EXPERIMENTAL 


Benzene and xylene were dried by azeotropic distillation. The stated yields were obtained 
only when the heterogeneous mixtures were rapidly stirred by means of a Hershberg stirrer 
(Org. Synth., 1943, Coll. Vol. 2, p. 117). Ultra-violet absorption measurements were made with 
a Unicam §S.P. 500 photoelectric spectrophotometer, absolute ethanol being used as solvent. 

Tritoluene-p-sulphonylmelamine.—A stirred suspension of the sodium salt of toluene-p- 
sulphonamide (6-75 g., 0-035 mole) in a solution of cyanuric chloride (0-93 g., 0-005 mole) in 
xylene (60 ml.) was refluxed during 3 hr. After several hours at room temperature the 
flocculent solid was collected (xylene filtrate A), air-dried, and dissolved in water (100 ml.) at 
60—80°, with addition of a few drops of aqueous sodium hydroxide if necessary. The cooled 
(25—35°) stirred solution was acidified (Congo-red) with concentrated hydrochloric acid (6 ml.). 
Much of the resulting precipitate redissolved when the suspension was slowly heated, with good 
stirring, to 80°; the aqueous phase (extract B) was readily decanted from the granular residue. 
The residue was stirred with water (3 x 30 ml., at 80—90°; washings added to extract B) and 
redissolved in aqueous sodium hydroxide (3% w/v; 100 ml.) at 60—70°. Acidification (Congo- 
red) of the filtered warm solution with 3N-hydrochloric acid gave a precipitate, which was 
collected at 0° and washed with water. Addition of the dried pale-yellow powder (2-75—3-5 g.) 
to boiling ethanol (50 ml.) gave a clear orange solution, which rapidly deposited a white crystalline 
solid. This was collected after 2 days at 0° (m. p. 274—277°; 2-1—2-3 g., 71—78%) (ethanolic 
filtrate C) and afforded, after further crystallisation from ethanol, prisms of tritoluene-p- 
sulphonylmelamine, m. p. 282—283° alone or mixed with material obtained by the interaction 
of toluene-p-sulphonyl chloride with (a) N-cyano-N’-toluene-p-sulphonylguanidine (cf. Part VI, 
J., 1953, 2531), (b) N-cyano-N’-phenylurea, or (c) 1-phenylbiuret (Chem. and Ind., 1953, 195) 
(Found: C, 49-0; H, 4:3. Calc. for C,4H,,O,N,S,: C, 49-0; H, 41%). 

The ethanol filtrate C, when evaporated to 10 ml., deposited further quantities of the 
triarenesulphonylmelamine (up to 0-2 g.). Complete removal of the solvent under reduced 
pressure gave an acidic resin which was dissolved in dilute aqueous sodium hydroxide, and 
reprecipitated with hydrochloric acid. When collected it formed an amorphous pale yellow or 
pink powder (0-4—0-6 g.) of indefinite m. p. The aqueous extract B, when cooled to 0°, 
deposited lustrous plates (2-60 g., 0-015 mole), which gave toluene-p-sulphonamide, m. p. and 
mixed m. p. 135—137°, on crystallisation from water. Evaporation of the xylene filtrate A 
under reduced pressure gave only traces of a residue consisting chiefly of toluene-p-sulphonamide. 

Reactions in boiling decahydronaphthalene (190°) gave substantially the same yields. Use 
of 5 or 4 mols. of sodium toluene-p-sulphonamide reduced the yields to 22 or 12%, respectively. 
Cyanuric chloride (0-01 mole) with toluene-p-sulphonamide (0-04 mole) in pyridine at 90—95° 
during 30 min. gave ill-defined products. 

Tribenzenesulphonylmelamine.—The sodium derivative of benzenesulphonamide (6-25 g., 
0-035 mole) and cyanuric chloride (0-93 g., 0-005 mole) in boiling xylene (60 ml.) afforded, as 
above, a crude product (2-5 g.) which was dropped into boiling chloroform (25 ml.). The clear 
solution rapidly deposited a crystalline solid (2-0 g.), which gave, on crystallisation from ethanol, 
prisms (1-65 g., 60%) of solvated tribenzenesulphonylmelamine, m. p. 149—152° undepressed 
on admixture with specimens prepared by methods (a), (b), and (c) (Found: C, 47-0; H, 4-1; 
N, 13-9; S, 15-9. Calc. for C,,H,,0,N,5;,,C,H,O: C, 46-6; H, 4:05; N, 14:2; S, 162%). 
Benzenesulphonamide (1-55 g., 0-01 mole; m. p. and mixed m. p. 151—153°) was recovered 
from the appropriate aqueous extracts (see above). 

Other Synthesis Attempts.—Melamine (0:01 mole) was recovered unchanged after treatment 
with toluene-p-sulphonyl chloride (0-04 mole) in pyridine (in which the base was very sparingly 
soluble) at 100° during 2—3 hr. It failed to yield the triarenesulphonylmelamine when 0-01 mole 
was treated with the acid chloride (0-04 mole) and potassium hydroxide in water or aqueous 
acetone (for details, cf. Part VI, Joc. cit.), or when refluxed with toluene-p-sulphonamide in 
phenol (cf. Thurston, U.S.P. 2,385,766/1945) during 3 hr. Fusion of melamine (0-001 mole) 
with toluene-p-sulphonic anhydride (0-006 mole) (Field, J. Amer. Chem. Soc., 1952, 74, 394) at 
175—200° during 4—1 hr. gave non-crystalline, sometimes infusible products. 
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N-Yoluene-p-sulphonylammelide.—A solution of cyanuric chloride (3-72 g., 0-02 mole) in 
benzene (150 ml.) containing suspended sodium toluene-p-sulphonamide (7-72 g., 0-04 mole) 
was refluxed during 3 hr. The voluminous white solid (test for chlorine positive) was collected 
at 5—10° (filtrate B), dried (10-25 g.), and dissolved in water (150 ml.) at 80°, and the solution 
acidified to Congo-red with concentrated hydrochloric acid. The resulting oily suspension was 
stirred at 90° during 5 min., and the aqueous phase decanted (extract A). The residual resin, 
after further washing with water (3 x 30 ml. at 80°), was converted into a white granular solid 
(4-85 g.; m. p. 195—200°) by dissolution in aqueous sodium hydroxide (50 ml., 5% w/v) and 
reprecipitation by 3n-hydrochloric acid at 0—5°. Crystallisation from boiling ethanol (15 ml.) 
gave a product (m. p. 245—248°; 2-85—3-60 g., 51—64%) which, after two further crystallis- 
ations from ethanol (20 ml. per g.; recovery per crystallisation, 50%) formed prisms of N-toluene- 
p-sulphonylammelide, m. p. 248—250° (decomp.) (Found: C, 43-3, 42-8; H, 3-5, 3-6; N, 20-3; 
S, 11-8. C4 9H,)O,N,S requires C, 42°55; H, 3-55; N, 19-85; S, 11-35%). The aqueous 
extract A deposited toluene-p-sulphonamide, m. p. and mixed m. p. 136—137° (2-55 g., 
0-015 mole, 75%), on cooling. Evaporation of the benzene filtrate B to small volume (10 ml.) 
gave only traces of toluene-p-sulphonamide. 

N-Benzenesulphonylammelide.—Sodium benzenesulphonamide (14-32 g., 0-08 mole) and 
cyanuric chloride (7-38 g., 0-04 mole) in boiling benzene (350 ml.) gave, as above (benzene- 
sulphonamide recovered: 5-25 g., 84%), a product which, after reprecipitation from alkaline 
solution, was dissolved in boiling ethanol (200 ml.)._ The clear liquid deposited a white solid 
(m. p. 263—266°; 4-82 g.,45%). Crystallisation from ethanol (70 ml. per g.) afforded platelets 
of N-benzenesulphonylammelide, m. p. 264—267° (decomp.) (Found: C, 39-9; H, 3-1; N, 20-7; 
S, 11-7. C,H,O,N,S requires C, 40:3; H, 3-0; N, 20-9; S, 11-99%). The compound was some- 
what soluble in water. 

N-Methanesulphonylammelide.—Sodium methanesulphonamide (4-68 g., 0-04 mole) [prepared 
by adding an equivalent of sodium dissolved in ethanol to a warm 40% solution (ethanol) of the 
sulphonamide, and rapidly drying the collected deliquescent salt in a vacuum over phosphoric 
oxide], when stirred in a boiling benzene solution (100 ml.) of cyanuric chloride (3-69 g., 
0-02 mole) gave, after 5 min., a suspended soft plastic mass which became increasingly viscous 
on continued heating. After 25 minutes’ refluxing, the benzene was decanted, and the residual 
material dissolved in N-sodium hydroxide (10 ml.). After this had been kept at 60° for 
20 min., the product was precipitated from the filtered solution at 0° with 3n-hydrochloric acid 
(dry wt.: 1-65 g., 40%). Two crystallisations from boiling 95% ethanol (70 ml. per g.) gave 
prisms of solvated N-methanesulphonylammelide, m. p. 272—274° (decomp.) after sintering at 
266° (Found : C, 20-6; H, 3-5; N, 24:8. C,H,O,N,S,H,O requires C, 21-4; H, 3-6; N, 25-0%). 
After being heated at 220—235° during 1 hr., the compound formed a white powder, m. p. 253— 
254° (decomp.) (Found: C, 22-7; H, 2:95; N, 26-9. C,H,O,N,S requires C, 23-3; H, 2-9; 
N, 27-2%). 

Hydrolysis of N-Toluene-p-sulphonylammelide.—(a) By concentrated sulphuric acid. The 
reactant (1-41 g., 0-005 mole) was added to concentrated sulphuric acid (2 ml.) in one portion. 
The resulting solution, the temperature of which rose spontaneously to 40°, was kept at 70— 
75° for 30 min. Addition of ice (15 g.) to the almost colourless liquid produced a white micro- 
crystalline precipitate; after storage at 0° for 2 days, this was collected (aqueous filtrate A), 
washed with cold water (2 x 2 ml.), and dissolved in hot aqueous sodium hydroxide (4% w/v; 
15 ml.). From the filtered warm solution, the material was reprecipitated with hydrochloric 
acid (1:1; 5 ml.), collected at 0° (0-52 g., 81%), and crystallised from boiling water (1 1. per g.), 
giving needles of ammelide (Found: C, 28-0; H, 3-2; N, 44-0, 43-2. Calc. for C,H,O,.N,: 
C, 28-1; H, 3-1; N, 43-75%). The greater part of the free acid in filtrate A was neutralised 
with aqueous sodium hydroxide (20% w/v; 10 ml.), and the liquid treated with a warm 
saturated solution of S-benzylthiuronium chloride (1-5 g.)._ The resulting crystalline precipitate, 
collected at 0°, was crystallised once from ethanol—water (1:1), giving benzylthiuronium 
toluene-p-sulphonate, m. p. and mixed m. p. 178—179° (1-22 g., 72%). N-Benzenesulphonyl- 
ammelide gave, under the same conditions, ammelide (Found: N, 43-5%) and _ benzyl- 
thiuronium benzenesulphonate in 84 and 86% yields, respectively. 

(b) By ethanolic hydrochloric acid. <A solution of N-toluene-p-sulphonylammelide (1-41 g., 
0-005 mole) in ethanol (80 ml.) was refluxed, a slow stream of dry hydrogen chloride being 
continuously passed through the liquid. A white crystalline precipitate appeared after 1 hr. 
and increased in quantity during subsequent refluxing (total time: 14 hr.). The suspension 
was evaporated under reduced pressure to one-third of its volume and the solid collected at 5° 
(0-605 g., 94%) (filtrate A). Crystallisation from water gave cyanuric acid (0-49 g., 75%), 
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identified as copper salt [Found: M (volumetrically; cf. Hantzsch, Ber., 1906, 39, 139), 127. 
Calc. for C,H,0,N,: M, 129]. Filtrate A was evaporated to small volume (8 ml.) and diluted 
with water (10 ml.); it then deposited toluene-p-sulphonamide, m. p. and mixed m. p. 136— 
137° (0-70 g., 82%). 

Di-N-arenesulphonylammelines.—Interaction of cyanuric chloride (1 mol.) and sodium 
toluene-p-sulphonamide or benzenesulphonamide (4—6 mols.) in boiling benzene gave (after 
the usual treatment) products, from which small yields (10—20%) of a compound of m. p. 188— 
192° (decomp.), or 220—226° (decomp.), respectively, were isolated as the most soluble fraction 
by repeated crystallisation from ethanol. (The less soluble fractions consisted of the 
appropriate N-arenesulphonylammelide.) The composition of these substances, and the 
results of their hydrolysis by ethanolic hydrochloric acid (80% yield each of cyanuric acid and 
sulphonamide) or by concentrated sulphuric acid [yield of ammeline (Found: N, 52-8. Calc. 
for C,H,ON,;: N, 55:1%) and benzylthiuronium arylsulphonate: 90 and 76%, respectively] 
are consistent with the view that the products were impure specimens of di-N-arylsulphonyl- 
ammelines. 

Interaction of the above reagents in boiling toluene gave varying yields of the mono- 
sulphonyl- (V) (~40%) and trisulphonyl-derivatives (III) (~20%) in addition to the above 
compounds. 


The writers are indebted to Messrs. Hickson and Welch Ltd., of Castleford, York, for a gift 
of cyanuric chloride, and to the Chemical Society for a grant from the Research Fund. One of 
them (J. R. P.) gratefully acknowledges the award of a Research Studentship by the Council of 
this School. 
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Continuous Electrophoresis on Paper. 
By G. Dicastro and M. SAN Marco. 
[Reprint Order No. 5421.] 


A new apparatus for continuous paper electrophoresis is described. ‘With 
this apparatus it is possible to obtain a considerable separation of the 
components of mixtures. 


PAPER electrophoresis has made rapid progress on account of its simplicity. Recently 
Tiselius and Flodin (Adv. Protein Chem., 1953, 8, 461) summed up its principles and 
applications. On the other hand continuous paper electrophoresis did not make the 
same progress, although it permits not only the separation of a mixture into its various 
components according to their electrochemical properties, but also their separate collection. 
We believe that this failure to make progress was caused by the fact that with no proposed 
apparatus is it possible to reproduce strictly the experimental conditions. The simplest 
apparatus is Durrum’s (J. Amer. Chem. Soc., 1951, 78, 4875) but in this the applied 
potential difference does not produce a uniform electric field because of the position of the 
electrodes in relation to the paper, the field being stronger in the lower part of the sheet. 
In this case the density of electric charge is not proportional to the applied potential 
difference. 

Grassmann and Hannig (Z. physiol. Chem., 1953, 292, 32) applied the two electrodes 
along the two lateral margins of the sheet. In this way the electric field is uniform, but 
the products from the electrolysis of the buffer solution diffuse directly on the paper causing 
pH variations which alter the experimental conditions. It is useless to wash the margins 
of the sheet where the electrodes are applied with a larger amount of buffer solution to 
remove these products. Svensson and Brattsten (Arkiv Kemi, 1949, 1, 401) washed the 
respective electrode zones with a basic and an acid solution to neutralise the electrolysis 
products but it is impossible to regulate the washing of these zones with exactly the 
calculated amounts of the solutions. However, with this aplication of the two electrodes 
it is possible to obtain a better separation of the various components because of the 
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uniformity of the electric field which causes the substances to take a straight path from 
the start. It is possible to determine, as a characteristic of every substance, the angle of 
its deviation, the tangent of which is the ratio between the velocities due to the electric 
field and to the gravitational falling of the solution. 

For continuous paper electrophoresis we used a new apparatus, with which it is possible 
to obtain a high uniformity of the electric field over most of the paper, and to retain the 
constancy of the pH and of the ionic concentration all over the sheet, so producing the 


greatest deviation of the substances. 


EXPERIMENTAL 


We used a sheet of paper with three strips at each side (Fig. 1). Each strip rests in the 
buffer contained in a Perspex cell through which there is a continuous flow of the buffer solution. 
Each cell (50 ml.) is divided into three compartments by two Perspex plates. The buffer 
solution is compelled to flow under the first plate (A, Fig. 2) to reach the electrode placed on the 


Fic. 2. Detail of one of the cells. 


lic. 1. Complete apparatus. 
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second plate (B). The three electrodes of the three cells on each side are joined to one of the 
poles of the electric supply. Fresh buffer solution drops from a capillary tube into the first 
compartment in which rests one of the three strips which provide the electric contact between 
the paper and the electrodes. An outlet tube in the third compartment removes the excess of 
the buffer solution and products from the electrolysis. 

The three cells on each side are mounted on a large Perspex plate. The distance between 
these plates can be varied to obtain different electric fields with the same applied voltage. All 
the apparatus is contained ina damp chamber. The buffer solution for the cells and the upper 
vessel is supplied through regulating stopcocks from a reservoir, the quantity flowing being 
measured by collecting the effluents in graduated cylinders. A rate of 40—50 ml. of buffer 
solution per hr. per cell is sufficient to remove all the electrolysis products even when a high 
current strength is used. 

With this apparatus, we tested a solution of bromophenol-blue in a phosphate buffer 
(pH 5:3; uw 0-4) and found that the deviation of bromophenol-blue (Plate 1) was almost twice 
that obtained with Durrum’s apparatus (Plate 2) under the same electrical conditions (450 v) 
and with a flow rate of 0-2 ml. per hr. Before performing continuous paper electrophoresis it 
is best to subject the mixture to flat paper electrophoresis. This makes it possible to establish 
the best conditions for the analysis of mixtures of amino-acids (Durrum, J. Colloid Sci., 1951, 
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6, 275), proteins (Turba and Enenkel, Naturwiss., 1950, 37, 93; Kunkel and Tiselius, J. Gen. 
Physiol., 1951, 35, 89), and mixtures containing substances sensitive to the electric field or which 
become so under certain conditions, e.g., sugars in borate buffers (Consden and Stanier, Nature, 
1952, 169, 783). 

The quantities which can be separated depend on many factors. We have separated 
mixtures of amino-acids in concentration 0-04m, and the proteins of dialysed human serum at 
300 mg. in 12 hr. 


MEDITAL LABORATORIES, RESEARCH DIVISION, ROME. [Received, May 27th, 1954.] 


Trifluoromethyl-substituted Benziminazoles. 


By R. Betcuer, A. Sykes, and J. C. TatLow. 
[Reprint Order No. 5491.] 


Some trifluoromethyl-substituted benziminazoles have been synthesised 
and their reactions with certain metals have been studied. Those with 
trifluoromethyl groups in both the glyoxaline and benzene rings are appre- 
ciably acidic. 


THE preparations of 4- and 5-trifluoromethylbenziminazole (Sykes and Tatlow, J., 1952, 
4078) and of 2-trifluoromethylbenziminazole (Smith and Steinle, J. Amer. Chem. Soc., 
1953, 75, 1292) have already been described. In this paper we report the syntheses of 
2:4- and 2: 5-bistrifluoromethylbenziminazole by Phillip’s method (J., 1928, 2393) from 
trifluoroacetic acid and 2:3- and 3:4-diaminobenzotrifluoride, respectively. 2-Tri- 
fluoromethylbenziminazole was also made by this process. 

3-Acetamido-2-nitrobenzotrifluoride (Rouche, Bull. Acad. roy. Belg., Cl. Sct., 1927, 18, 
346), by catalytic hydrogenation, gave 3-acetamido-2-aminobenzotrifluoride, which under- 
went ring closure, with the elimination of water, when refluxed with 4n-hydrochloric acid, 
forming 2-methyl-4-trifluoromethylbenziminazole. This was made also from 2: 3-di- 
aminobenzotrifluoride and acetic acid by Phillip’s method (loc. cit.). Diazotisation of 
3-acetamido-2-aminobenzotrifluoride gave 1-acetyl-4-trifluoromethylbenzotriazole. These 
cyclisations are normal for monoacetylated aromatic o-diamines (see, for example, Saunders, 
“The Aromatic Diazo-compounds and Their Technical Applications,’’ Arnold, London, 
1949, p. 247; Wright, Chem. Reviews, 1951, 48, 397). 

2-Phenyl-4-trifluoromethylbenziminazole was prepared from benzaldehyde and 2: 3- 
diaminobenzotrifluoride by Weidenhagen’s method (Ber., 1936, 69, 2263). 

Lane (Chem. and Ind., 1953, 798) has shown that 2-trifluoromethylbenziminazole reacts 
with o-phenylenediamine in 2-hydroxyethylamine to give 2: 2’-dibenziminazolyl. This 
reaction has been confirmed, but 2: 4- and 2 : 5-bistrifluoromethylbenziminazole did not 
so react. Though the fluoroalkyl group of 2-trifluoromethylbenziminazole shows this 
particular instability, it is not hydrolysed by 5N-sodium hydroxide, concentrated sulphuric 
acid, or sodium ethoxide in ethyl alcohol. 

It has also been shown by Lane (loc. cit.) that 2-trifluoromethylbenziminazole can be 
titrated with dilute sodium hydroxide in the presence of thymolphthalein as indicator. We 
have confirmed and extended this observation (see Figure). The 2: 4- and 2: 5-bistri- 
fluoromethyl compounds are quite acidic and may in fact be titrated with phenolphthalein 
as indicator. The 2-trifluoromethy] derivative is also appreciably acidic, though an end- 
point cannot be obtained with phenolphthalein. Whilst the 4- and 5-trifluoromethyl 
isomers give acidic reactions, they cannot actually be titrated even with thymolphthalein 
as indicator. 

The acidity of all the trifluoromethylbenziminazoles, as compared with benziminazole 
which gives an alkaline reaction in aqueous solution, can be attributed to the electro- 
negativity of the fluoroalkyl group. The greatest effect is exerted on the imino-function when 
the trifluoromethyl group occupies position 2 in the benziminazole nucleus; but even when 
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located in the benzenoid ring however it still has an appreciable effect. The introduction 
of a second fluoroalkyl group into the benziminazole nucleus gives rise to a further increase 
in acidity. Rabinowitz and Wagner (J. Amer. Chem. Soc., 1951, 78, 3030) have shown that 
the introduction of a nitro-group into the 4- or the 5-position of the benziminazole nucleus 
gives the resulting compounds an acidic character. The theories advanced by these 
workers to explain the differing acidities of the nitrobenziminazoles appear to be equally 
applicable to the corresponding trifluoromethylbenziminazoles. Similarly, the increased 
acidity of the 2-isomer can be attributed to the electronic effect of the fluoroalkyl group, 
which can be transmitted to the imide group in both tautomers so that it should be more 
pronounced than in the 4- or the 5-isomer. 

Benziminazole and substituted benziminazoles form salts with various metals, notably 
silver and mercury (see, for example, Welcher, “‘ Organic Analytical Reagents, ’’ D. Van 
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Curves were obtained by titration of aqueous-alcoholic solutions of benziminazoles with 0-0097N- (A and B), 
or 0:100N-sodium hydroxide (C, D, and E). 
A, 4-Trifluoromethyl-; B-, 5-trifluoromethyl-; C, 2-trifluoromethyl; D, 2: 5-bistrifluoromethyl-; 
E, 2: 4-bistrifiuoromethyl-benziminazole. 


Nostrand, Co. Inc., New York, 1947, Vols. 1—4). The fluoro-compounds described here 
gave precipitates with some metal ions, but did not exhibit outstanding properties in this 
respect. 

EXPERIMENTAL 

2-Trifluovomethylbenziminazole.—o-Phenylenediamine (5-0 g.), trifluoroacetic acid (5-7 g.), 
and 4N-hydrochloric acid (33 c.c.) were refluxed together for 3 hr. The solution was neutralised 
(aqueous ammonia) and the precipitate recrystallised from ethyl alcohol, to give 2-trifluoro- 
methylbenziminazole (5-5 g.), m. p. 209—210°, for which Smith and Steinle (/oc. cit.) gave m. p. 
210°. 

2:4- and 2: 5-Bistrifluoromethylbenziminazole.—2 : 3-Diaminobenzotrifluoride (Sykes and 
Tatlow, loc. cit.), treated as above, yielded 2: 4-bistrifluoromethylbenziminazole (29%; it was 
crystallised with difficulty from aqueous ethyl alcohol), m. p. 151° (Found: C, 42-6; H, 1:8; 
F, 45:3. C,H,N,F, requires C, 42:5; H, 1:6; F, 44-9%). 

3: 4-Diaminobenzotrifluoride similarly afforded 2: 5-bistvifluovomethylbenziminazole (48%, 
from ethyl alcohol), m. p. 197° (Found: C, 42:3; H, 1-8; F, 44:7%). 

2-Methyl-4-trifluoromethylbenziminazole.—3-Acetamido-2-nitrobenzotrifluoride (3-50 g.), ethyl 
alcohol (75 c.c.), and Raney nickel (ca. 0-5 g.) were shaken together at ca. 20°/1 atm. in hydrogen 
until the absorption was complete (1 hr.). The solution was filtered and evaporated in vacuo, 
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and the residue recrystallised from aqueous ethyl alcohol to give 3-acetamido-2-aminobenzotri- 
fluoride (2-10 g.), m. p. 137° (Found: C, 49-4; H, 4:0; F, 25-6. C,H,ON,F, requires C, 49-5; 
H, 4-2; F, 26-1%). 

When refluxed with 4N-hydrochloric acid, or with acetic anhydride-acetic acid, this product 
afforded, in almost quantitative yield, 2-methyl-4-trifluoromethylbenziminazole, m, p. 174° 
(Found: C, 54:0; H, 3-7; F, 28-3. C,H,N,F, requires C, 54:0; H, 3-5; F, 28-5%). 

2 : 3-Diaminobenzotrifluoride (3-20 g.), glacial acetic acid (1:15 c.c.), and 4N-hydrochloric 
acid (18-1 c.c.) were refluxed together for 45 min., the solution was neutralised with ammonia, 
and the resultant precipitate filtered off and recrystallised from water (charcoal). The same 
product (1-85 g.), m. p. and mixed m. p. 174°, was obtained. 

1-A cetyl-4-trifluoromethylbenzotriazole.—Diazotisation at 0° of 3-acetamido-2-aminobenzo- 
trifluoride (0-10 g.) in 2N-hydrochloric acid (4-0 c.c.), with sodium nitrite (0-032 g.) in water 
(1:0 c.c.), gave a solid. Recrystallised from ethyl alcohol, this afforded 1-acetyl-4-trifluoro- 
methylbenzotriazole (0-056 g.), m. p. 100° (Found: C, 47-5; H, 2:3; N, 18-4. C,H,ON,F, requires 
C, 47-2; H, 2-6; N, 18-3%). 

2-Phenyl-4-trifluoromethylbenziminazole.—2 : 3-Diaminobenzotrifluoride (3-5 g.), copper 
acetate (8-0 g.), benzaldehyde (2-4 g.), methyl alcohol (75 c.c.), and water (50 c.c.) were refluxed 
together for 90 min. The solution was cooled, and the brown deposit filtered off, suspended in 
aqueous ethyl alcohol (3: 1, v/v; 100 c.c.) and decomposed by hydrogen sulphide. The solution 
was filtered and evaporated im vacuo, and the residue was recrystallised from aqueous ethyl 
alcohol to give 2-phenyl-4-trifluoromethylbenziminazole (4:2 g.), m. p. 175° (Found: C, 64-0; 
H, 3-7; F, 21-3. C,,H,N,F; requires C, 64-1; H, 3-5; F, 21-7%). 

Reactions of 2-Trifluoromethyl-substituted Benziminazoles with o-Phenylenediamine.—Equi- 
molecular proportions of the iminazole and o-phenylenediamine were refluxed together for 4 hr. 
in 2-hydroxyethylamine (5 ml. /0-25 g. of solids). The solution was poured into water. In the 
cases of 2: 4- and 2: 5-bistrifluoromethylbenziminazole, dilute acetic acid was added slowly to 
give a precipitate, which was filtered off and recrystallised to give the unchanged iminazole 
(ca. 80%), identified by m. p. and mixed m. p. 

From the reaction of 2-trifluoromethylbenziminazole a white fluorine-free precipitate (65%) 
was obtained, which shrank but did not melt at ca. 400°. Lane (J., 1953, 2238) observed a 
similar effect at 395—400°. 

Formation of Precipitates —1% Solutions of the substituted benziminazoles in ethyl alcohol 
were used throughout the tests. Aqueous solutions (0-4 mg./ml.) of the following ions were 
prepared; bismuth, cadmium, cobalt, copper(I), copper(m), gold(11), lead(1), mercury(t11), 
silver, and thallium. The reagent solution (0-5 ml.) and the metal solution (2-0 ml.) were mixed 
and dilute aqueous ammonia was added to give an alkaline solution. Other tubes, containing 
solutions of the metal but no reagent, or the reagent solution but no metal ions, were similarly 
treated and used to study the behaviour of the reagent or metal ions alone. These tests were 
repeated for each reagent with each metal. 

2-Trifluoromethylbenziminazole reacted with copper(11) and silver. The 4- and the 5- 
isomer gave precipitates with mercury(1) and silver. The 5-isomer formed with silver a 
gelatinous precipitate which did not crystallise. Only silver was precipitated by 2: 4- and 
2: 5-bistrifluoromethylbenziminazole. 2-Methyl- and 2-phenyl-4-trifluoromethylbenziminazole 
reacted with lead(11), mercury(11), and silver. The latter compound also precipitated copper(11). 

No precipitates were formed by these compounds in acid solution. 


We thank Professor M. Stacey, F.R.S., for his interest, Miss Diane Leather for carrying out 
the carbon, hydrogen, and fluorine analyses, and the Department of Scientific and Industrial 
Research for the award of a maintenance grant to one of us (A. S.). 
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Synthetical Applications of the Desulphurisation Reaction. Part I. 
The Synthesis of Fatty Acids. 
By G. M. Bapcer, H. J. Roppa, and W. H. F. SAsse. 
[Reprint Order No. 5500.] 


Desulphurisation of alkylthienylbutyric acids (III and IV) with Raney 
nickel gives long-chain fatty acids in excellent yield. Some acylthiophens 
and thenoylpropionic acids (I and II) have also been desulphurised. 


BouGAULT, CATTELAIN, and CHABRIER (Bull. Soc. chim., 1938, 5, 1699; 1940, 7, 780, 781) 
showed that organo-sulphur compounds are readily desulphurised by Raney nickel and 
this has since often been confirmed. The reaction has found extensive application in the 
study of naturally occurring sulphur compounds, such as biotin (du Vigneaud e¢ al., J. 
Biol. Chem., 1942, 146, 475; Mozingo et al., J. Amer. Chem. Soc., 1943, 65, 1013). On 
the other hand, the potentialities of desulphurisation as a synthetic method seem to have 
been largely unrecognised. The present paper (for a preliminary report see Chem. and 
Ind., 1954, 308) records a synthesis of long-chain fatty acids involving desulphurisation of 
an acidic derivative of an alkylthiophen as the final step; desulphurisation of some 
acylthiophens and of some thiophen keto-acids has also been examined. 

The Raney nickel desulphurisation of 2-acetylthiophen has been reported to yield 
ethanol, acetaldehyde, and hexan-2-one (Hurd and Rudner, J. Amer. Chem. Soc., 1951, 
73, 5157); but it has now been found that the experimental conditions are critical. Under 
somewhat different conditions, with W-6 catalyst (Billica and Adkins, Org. Synth., 1949, 
29, 24) acetaldehyde, hexan-2-one, and dodecane-2 : 11-dione were detected among the 
products. When W-7 catalyst was used, however, no hexan-2-one seemed to be formed 
and acetaldehyde and dodecane-2 : 11-dione were isolated. The formation of the dione 
is of interest as it involves dimerisation. The cleavage of carbonyl groups with Raney 
nickel (in this case yielding acetaldehyde) is by no means unknown (Metayer, Compt. rend., 
1948, 226, 550); but it does not always occur, for 2-ethyl-5-heptanoylthiophen was 
desulphurised to tridecan-7-one in 90% yield. 

' ee QP ener: Et,;— T| CO:[CH,)},°CO,H 
X\ _ |!-CO-[CH,]},°CO,H Me\ . /Me 
(I) i (II) 
_lLycu,),-co,H mel} on r-col |_ceme,U Teo-r 
(III) ~ RR) - 


RY 


Desulphurisation of keto-acids has also been shown to proceed without difficulty. 
For example, $-2-thenoylpropionic acid (I; X =H) gave 4-oxo-octanoic acid,* and 
8-(4-ethyl-2 : 5-dimethyl-3-thenoyl)propionic acid (II) yielded 5 : 6-diethyl-4-oxo-octanoic 
acid. However the method has limitations for it was not found possible to desulphurise 
8-(2-bromo-5-thenoyl)propionic acid (I; X = Br) without removing the bromine. In 
some circumstances 4-oxo-octanoic acid was obtained; but under other conditions a 
different acid, probably 4 : 13-dioxohexadecanedioic acid, was isolated. Such a product 
would be expected if dimerisation occurred following elimination of the bromine to give 
a free-radical intermediate. 

The preparation of long-chain fatty acids by the desulphurisation of alkylthienyl 
butyric acids (III and IV) proceeds very smoothly, the results being summarised in the 
Table. As alkylated thiophens are easily synthesised this method may find further 
application for the synthesis of branched-chain acids which are difficult to obtain by other 
methods. Dithienylpropanes may also be used, for 2 : 2-di-(5-carboxy-2-thienyl)propane 
(V; R = OH) was desulphurised in excellent yield. 

The alkylthienylbutyric acids required for this investigation were prepared by standard 


* Geneva nomenclature, CO,H = 1. 
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methods. The reaction of thiophen (or of 2: 5-dimethylthiophen) with an acyl chloride 
in the presence of stannic chloride gave an acylthiophen, which was then reduced to an 
alkylthiophen with hydrazine hydrate. The corresponding $-(2-alkyl-5-thenoyl)propionic 
acids were prepared from the alkylthiophens by using succinic anhydride and aluminium 
chloride, and reduction [better by the Huang-Minlon modification of the Wolff—Kishner 


Desulphurisation of acidic derivatives of alkylthiophens. 


Thiophen derivative Product Method * Yield (%) 
¢ Rew Bo. eieviidtnscsiantenencs, Octednic.acia C Te 
5) Be et TER i ays dean redconaniptensaness Decanoic acid 
DV. sccootsnathensdbaclenctashaaasiesssnccdsse) | Oe kGRPOOUMIONG CUE 
III; R = -heptyl .................... Pentadecanoic acid 
II; R = m-undecyl ..................... | Nonadecanoic acid 
III; R = 5’-ethyloctyl ................ 13-Ethylhexadecanoic acid 
Vi 5: Bile GRE ccrincwctwcasnceusesause 6 : 6-Dimethylundecanedioic acid 


* See experimental section. 


procedure (J. Amer. Chem. Soc., 1946, 68, 2487) than by the Clemmensen method] 
gave the y-(2-alkyl-5-thienyl)butyric acids (III). However, 8-(3-ethyl-2 : 5-dimethyl-4- 
thenoyl)propionic acid (II) could not be reduced by either method : steric hindrance may 
be a factor here, for §-(2 : 5-dimethyl-3-thenoyl)propionic acid was reduced without 
difficulty to y-(2 : 5-dimethyl-3-thienyl) butyric acid (IV). 

For the preparation of 2: 2-di-(5-carboxy-2-thienyl)propane (V; R = OH), acetone 
was condensed with thiophen to give 2 : 2-di-2’-thienylpropane (Schick and Crowley, /. 
Amer. Chem. Soc., 1951, 73, 1377), which was then acylated with acetic anhydride in the 
presence of a trace of iodine to 2: 2-di-(5-acetyl-2-thienyl)propane (V; R = Me). 
Oxidation with hypobromite then gave the desired biscarboxythienylpropane. 


EXPERIMENTAL 


Petroleum X3B is a light petroleum, b. p. 95—135°, containing 33% of aromatic compounds. 

Acylthiophens.—A mixture of 2 : 5-dimethylthiophen (110 g.), acetyl chloride (73-2 g.), and 
carbon disulphide (935 c.c.) was cooled in ice-salt, and finely powdered anhydrous aluminium 
chloride (163 g.) added in 6 portions during 10 min. The mixture was then carefully warmed 
until a vigorous reaction occurred. Cooling was necessary to control the reaction. The 
mixture was worked up in the usual way. Distillation gave 3-acetyl-2 : 5-dimethylthiophen 
(114 g., 75%), b. p. 119°/16 mm., 128°/39 mm. This method is better than that of Buu-Hoi 
and Nguyen-Hodan (Rec. Trav. chim., 1948, 67, 319). 

To freshly distilled heptanoyl] chloride (22 g.), thiophen (12-5 g.), and anhydrous thiophen- 
free benzene (150 c.c.) at 0° stannic chloride (16-5 g.) was added dropwise, with stirring, during 
40 min. (cf. Johnson and May, Org. Synth., Coll. Vol. 2, p. 8). After 1 hour’s stirring at room 
temperature the mixture was decomposed with 10% hydrochloric acid. The benzene layer was 
washed with 10% hydrochloric acid, water, 5° sodium carbonate, and water, then dried (CaCl,) 
and evaporated. 2-Heptanoylthiophen (24-4 g., 84%) had b. p. 170—171°/22 mm. (Cagniant 
and Deluzarche, Compt. rend., 1947, 225, 455, give b. p. 152°/13 mm.). The same ketone was 
prepared (60% yield) from thiophen and heptanoic acid with phosphoric oxide (cf. Hartough 
and Kosak, J. Amer. Chem. Soc., 1947, 69, 3098). 

In the same way, heptanoyl chloride and 2-ethylthiophen (King and Nord, J. Org. Chem., 
1949, 14, 638), in the presence of stannic chloride, gave 2-ethyl-5-heptanoylthiophen, b. p. 
102—104°/0-05 mm. (90%). The oxime had m. p. 39° (Schleicher, Ber., 1886, 19, 660, gives 
m. p. 37—38°). 

2-Undecanoylthiophen was prepared from thiophen and undecanoy] chloride as above (SnC],) 
except that a longer reaction time was beneficial. The stannic chloride was added to the 
reaction mixture at —5° during 20 min. After a further 30 min. at this temperature the 
mixture was warmed to 25° during 2 hr. and kept at that temperature for 30 min. 2- 
Undecanoylthiophen (80% yield) had b. p. 136—137°/0-05 mm. (Cagniant and Deluzarche, 
loc. cit., give b. p. 205-5°/15-5 mm.). 

The acid chloride (b. p. 123°/32 mm.) was prepared from 5-ethyloctanoic acid with thiony] 
chloride. Stannic chloride was added during } hr. with ice-cooling. After a further 4} hr. 
at 25°, working up in the usual way gave 2-5’-ethyloctanoylthiophen (87%), b. p. 105°/0-04 mm. 
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(Found: C, 71-0; H, 9-5; S, 13-3. C,,H,sOS requires C, 70:7; H, 9:3; S, 13:56%). The 
2: 4-dinitrophenylhydrazone separated from ethanol as orange-red plates, m. p. 96° (Found: 
C, 57-7; H, 64; N, 13:1. C,gH,,O,N,S requires C, 57-4; H, 6-3; N, 13-4%). The semi- 


- See’ es 
carbazone crystallised from ethanol as colourless plates, m. p. 143° (Found: N, 14-4. 


C,;H,;ON,5 requires N, 14-2%). 

Alkylthiophens.—3-Acetyl-2 : 5-dimethylthiophen (77 g.) and 50% aqueous hydrazine 
(170 c.c.) in ethylene glycol (400 c.c.) were heated at 170° (cf. King and Nord, Joc. cit.). When 
no more water and hydrazine hydrate distilled, the mixture was cooled to 80° and potassium 
hydroxide (100 g.) added. On slow heating the evolution of nitrogen began at 110° and was 
fast at 135—145°. At this temperature most of the reduced product distilled as a yellow oil, 
and after 1 hr. at 145° no further distillation took place. After purification in the usual way, 
3-ethyl-2 : 5-dimethylthiophen (59 g., 85%) had b. p. 80°/28 mm. (Buu-Hoi and Nguyen-Hodan 
report b. p. 182—184°/760 mm. for the compound prepared in 44% yield by Clemmensen 
reduction of the ketone). 

Preparation of 2-n-heptylthiophen required use of diethylene glycol for the reduction. 
When 2-heptanoylthiophen (10 g.), 60% aqueous hydrazine hydrate (18 c.c.), and diethylene 
glycol (155 c.c.) were heated to 180°, all the water and excess of hydrazine hydrate distilled 
The mixture was cooled below 100°, potassium hydroxide (9-7 g.) was added, and 
When isolated in the usual way, 2-n-heptyl- 

C, 72:7; H, 10-05; S$, 17-7. C,,HgS 


off in 2 hr. 
the temperature was then kept at 180° for 2 hr. 


thiophen (9 g., 97%) had b. p. 120°/20 mm. (Found: C, 72-7; 
requires C, 72-5; H, 9-95; S, 17-6%). 
2-Undecanoylthiophen (44 g.), 60° aqueous hydrazine hydrate (68-5 c.c.), and diethylene 


glycol (580 c.c.) were heated at 195° for 2 hr. After cooling, potassium hydroxide (36-6 g.) 
was added, and the reaction was completed at 155° (2 hr.). 2-n-Undecylthiophen (37-5 g., 
91%) had b. p. 104°/0-:06 mm. (Found: C, 75-8; H, 11°1; S, 13-3. C,;H_.S requires C, 
75:6; H, 10-9; S, 13-5%). 

Reduction of 2-5’-ethyloctanoylthiophen was effected with hydrazine hydrate as described 
for 2-heptylthiophen. 2-5’-Ethyloctylthiophen, obtained in 88% yield, had b. p. 78—79° /0-05 mm. 
(Found: C, 75-2; H, 11:0; S, 14:0. (C,,H,,S requires C, 74-9; H, 10-8; S, 14-3%). 

Preparation of §-2-Thenoylpropionic Acids.—Succinic anhydride (1 mol.) and anhydrous 
aluminium chloride (2-2 mol.) were dissolved in nitrobenzene (1 1.) and the solution cooled in 
ice. A solution of the thiophen derivative (1 mol.) in nitrobenzene (500 c.c.) was then added 
dropwise, with stirring, during 4 hr. Cooling was continued for a further $ hr., and the 
mixture was then stirred at room temperature for 5 hr. After decomposition with 20% 
hydrochloric acid and ice, the solvent was removed in steam. The supernatant liquid was 
decanted and 10% aqueous sodium carbonate (1500 c.c.) added to the residue, and the resulting 
solution treated with steam to remove the last traces of volatile matter. The alkaline solution 
was then treated with charcoal and the crude acids were precipitated with hydrochloric acid. 
The yield of purified product was between 55 and 63%. 

(i) After recrystallisation from water (charcoal), §-2-thenoylpropionic acid had m. p. 
118—119° (Fieser and Kennelly, J. Amer. Chem. Soc., 1935, 57, 1615, give m. p. 119—120°). 

(ii) After recrystallisation from petroleum X3B, and from toluene, (-(2-ethyl-5-thenoyl)- 
propionic acid had m. p. 95° (Buu-Hoi, Hoan, and Khoi, J. Org. Chem., 1950, 15, 959, give 
m. p. 96°). 

(iii) After recrystallisation from water, and then from petroleum X3B, §-(2 : 5-dimethyl- 


3-thenoyl)propionic acid had m, p. 111° in agreement with Steinkopf, Poulsson, and Herdey 


(Annalen, 1938, 536, 132). 

(iv) After recrystallisation from benzene-light petroleum (b. p. <40°) B-(4-ethyl-2: 5- 
dimethyl-3-thenoyl)propionic acid formed plates, m. p. 92°. An analytical specimen of the 
same m. p. was prepared by sublimation at 80°/0-01 mm. (Found: C, 59-9; H, 6-7; S, 13-5. 
C,.H,,0,5 requires C, 60-0; H, 6-7; S, 13-3%). Its p-bromophenacyl ester crystallised from 
petroleum X3B in blades, m. p. 89° (Found: C, 55:3; H, 5:1; Br, 18-3. C. H,,BrO,S 
requires C, 55:2; H, 4-9; Br, 18-4%). 

(v) After recrystallisation from petroleum X3B, and from benzene, (-(5-heptyl-2-thenoyl)- 
propionic acid formed plates, m. p. 102° (Found: C, 63-8; H, 7:9; S, 11:5. C,5H,.0;S 
requires C, 63-8; H, 7-9; S, 11-4%). 

(vi) After recrystallisation from benzene, §-(5-undecyl-2-thenoyl)propionic acid formed 
plates, m. p. 108—109° (Found: C, 67:7; H, 8-9; S, 9:7. Cy ,H390,S requires C, 67-4; 
H, 8-9; S, 95%). The sodium salt was sparingly soluble in water. 

(vii) Recrystallisation from light petroleum (b. p. 40—100°) gave §-(5-5’-ethyloctyl-2- 
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thenoyl)propionic acid as plates, m. p. 70° (Found: C, 66-8; H, 8-7; S, 9:5. C,gH,,0,S 
requires C, 66-8; H, 8-7; S, 9-9%). 

(viii) Crude 8-(5-bromo-2-thenoyl) propionic acid was extracted with boiling water (Soxhlet), 
and the resulting product recrystallised from xylene. The acid had m. p. 141° (Buu-Hoi, 
Hoan, and Xuong, Rec. Trav. chim., 1950, 69, 1108, give m. p. 142°). 

Reduction of the 8-Thenoylpropionic Acids.—Reduction of the keto-acids was effected by 
the Huang-Minlon procedure (J. Amer. Chem. Soc., 1946, 68, 2487), the following relative 
quantities being used : keto-acid (1 mol.), hydrazine hydrate (3-62 mols., as 50 or 60% aqueous 
solution), potassium hydroxide (3-38 mols.), and diethylene glycol (2130 c.c.). The mixture 
was heated at 180—190° for 3—4 hr., excess of hydrazine hydrate and water being allowed to 
distil. When worked up in the usual way the reduced acids were obtained by distillation and 
purified by crystallisation (when possible). -(4-Ethyl-2 : 5-dimethyl-3-thenoyl)propionic acid 
was not reduced by this method, and the Clemmensen method likewise failed with this acid. 

(i) y-2-Thienylbutyric acid, obtained in 95% yield, had b. p. 120°/0-5 mm. (Fieser and 
Kennelly, Joc. cit., give b. p. 130—134°/1-5 mm.). Its p-bromophenacy] ester had m. p. 57—58° 
(Papa, Schwenk, and Ginsberg, J. Org. Chem., 1949, 14, 723, give m. p. 58—59°). 

(ii) y-(5-Ethyl-2-thienyl) butyric acid, obtained in 80% yield, had b. p. 150°/0-5 mm. (Buu- 
Hoi, Hoan, and Khoi, Joc. cit., report b. p. 190—192°/18 mm.). 

(ili) y-(2 : 5-Dimethyl-3-thienyl) butyric acid, b. p. 124°/0-04 mm., was obtained in 88% 
yield. It was recrystallised from light petroleum (b. p. <40°) and then had m. p. 55—56°, 
in agreement with Steinkopf, Poulsson, and Herdey (Joc. cit.). The same acid was also obtained 
(in 50% yield) by Clemmensen reduction of the keto-acid. 

(iv) y-(5-n-Heptyl-2-thienyl)butyric acid, obtained in 88% yield, had b. p. 152°/0-04 mm. 
and formed blades, m. p. 39—40°, from light petroleum (b. p. <40°) (Found: C, 67-2; H, 
9:0; S, 11-9. C,,;H,,0,S requries C, 67:1; H, 9-0; S, 11-95%). 

(v) y-(5-n-Undecyl-2-thienyl)butyric acid, obtained in 83% yield, had b. p. 200°/0-07 mm. 
After recrystallisation from light petroleum (b. p. <40°) (using solid carbon dioxide), it formed 
blades, m. p. 32° (Found: C, 70-6; H, 9:9; S, 9-9. C,,H;,0,S requires C, 70-3; H, 9-9; 
S, 9-9%). 

(vi) y-(5-5’-Ethyloctyl-2-thienyl)butyric acid, obtained in 89% yield, had b. p. 192°/0-1 mm., 
180°/0-04 mm. (Found: C, 69-8; H, 9-7; S, 10-5. C,sH3,0,5 requires C, 69-6; H, 9-7; 
S, 10-3%). 

2 : 2-Di-2’-thienylpropane.—The following procedure was superior to that of Schick and 
Crowley (J. Amer. Chem. Soc., 1951, 78, 1377). Acetone (19-5 g.) was added dropwise to a 
well-stirred mixture of thiophen (42 g.) and sulphuric acid (72%; 63 g.) during 5 min., at 
60—65°, but when the addition was complete the temperature was raised to 70° for 4 hr. 
Water was added and the organic material extracted with chloroform. The combined extracts 
were washed with 10% aqueous sodium carbonate, then water, and dried (CaCl,). Distillation 
gave 2: 2-di-2’-thienylpropane (29-5 g., 57%), b. p. 74—76°/0-05 mm. (Schick and Crowley, 
loc. cit., give b. p. 86°/0-3 mm., and 47% yield). 

2 : 2-Di-(5-acetyl-2-thienyl)propane.—To 2: 2-di-2’-thienylpropane (10-4 g.) and acetic 
anhydride (25-6 g.) at 100° a solution of iodine (0-2 g.) in ether (20 c.c.) was added drop- 
wise during 5 min. (cf. Cairns, McKusick, and Weinmayr, J. Amer. Chem. Soc., 1951, 78, 
1270). Heating was continued for 2 hr., the reaction then being stopped by the addition of 
sodium hydrogen sulphite (0-25 g.) in water (20 c.c.). The organic material was extracted with 
chloroform, and the extract washed with 7:5°%% aqueous sodium hydroxide, 5% hydrochloric 
acid, 5% aqueous sodium carbonate, and water. The chloroform was evaporated, and the 
residue purified by chromatography on alumina in petroleum X3B. A yellow band was eluted 
with petroleum X3B, benzene then being used to elute the main product. Concentration of 
the benzene solution, followed by addition of a little petroleum X3B, gave the desired ketone 
(8-8 g., 60%). After recrystallisation from petroleum X3B and then from ethanol 2: 2-di- 
(5-acetyl-2-thienyl)propane was obtained as plates, m. p. 75—75-5° (Found: C, 62-0; H, 5-6; 
S, 22:0. C,;H,,0,S, requires C, 61-6; H, 5:5; S, 21-9%). 

2: 2-Di-(5-carboxy-2-thienyl)propane.—Bromine (4:6 g.) was added slowly to an ice-cold 
solution of sodium hydroxide (3-17 g.) in water (27 c.c.). 2: 2-Di-(5-acetyl-2-thienyl) propane 
(1-4 g.) was then added and the mixture stirred for 10 hr., the temperature being allowed to 
rise gradually to 15°. The reaction was completed by heating on a water-bath for 30 min. 
Excess of hypobromite was removed with sulphur dioxdie, and the mixture was steam-distilled 
to remove carbon tetrabromide and bromoform. [The residue was extracted with ether, 
whereby some ketone (0-11 g.) was recovered.] The desired product was obtained by acidifi- 
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cation of the alkaline solution, and after re-solution in sodium hydrogen carbonate solution 
and precipitation with hydrochloric acid 2: 2-di-(5-carboxy-2-thienyl)propane (0-88 g., 62%) 
was obtained as a colourless powder which darkened at 260° and had m. p. 275—277° (decomp.) 
(Found: C, 52-8; H, 43; S, 21-5. C,3H,,0,S, requires C, 52-7; H, 4:1; S, 216%). It 
could not be recrystallised. 

Desulphurisation of 2-Acetylthiophen.—(i) 2-Acetylthiophen (20 g.) was added to W-7 Raney 
nickel catalyst (prepared from 125 g. of nickel-aluminium alloy; Billica and Adkins, loc. cit.) 
in toluene (500 c.c.) which had previously been refluxed over W-7 catalyst. Nitrogen was 
passed through the apparatus while the mixture was refluxed, with vigorous stirring, for 8} hr. 
The escaping gases were passed through 2 flasks containing ice-cold water, and the resulting 
solution was shown to contain acetaldehyde. It was identified by preparation of the 2: 4- 
dinitrophenylhydrazone, m. p. 167—168°, the dimedone derivative, m. p. 141°, and the 
anhydride of the latter, m. p. 173—-174°, and comparison with authentic specimens. 

The catalyst was filtered off and washed with boiling toluene (3 x 100 c.c.). The filtrate 
and washings were combined, the toluene removed by fractionation, and the residue fractionated 
under reduced pressure. Three fractions were collected: (a) b. p. 58—60°/20 mm. (0-1 g.); 
(6) b. p. 48—50°/0-1 mm. (8 g.); and (c) b. p. 98—100°/0-1 mm. (1-0 g.). Fractions (a) and 
(b) consisted essentially of 2-acetylthiophen (identified as the 2: 4-dinitrophenylhydrazone, 
m. p. 244°). After several recrystallisations from light petroleum fraction (c) gave dodecane- 
2:11-dione as blades, m. p. 66—67° (lit., m. p. 67-4—67-8°) (Found:: C, 73-0; H, 11-0. 
Calc. for C;,H,,O,: C, 72:7; H, 11:1%). A haloform reaction (Hawkins and Young, J., 1950, 
2804) gave sebacic acid, identified by comparison with an authentic specimen. 

(ii) 2-Acetylthiophen (20 g.) was added to W-6 Raney nickel catalyst (prepared from 
125 g. of nickel-aluminium alloy; Billica and Adkins, Joc. cit.) in ethanol (350 c.c.) which had 
been distilled from potassium hydroxide and previously refluxed over W-6 catalyst. Other 
experimental details were as above. The ice-water absorbed acetaldehyde (1-2 g.), isolated 
as the dimedone derivative, corresponding to 3-34 g. of 2-acetylthiophen. 

After separation of the catalyst the alcohol was removed by distillation through a jacketed 
fractionating column (2 x 60 cm.) filled with multi-turn glass helices and carrying a variable 
take-off head. A reflux ratio of 1:15 was used. The residue was fractionated through a 
Vigreux column and yielded 5 fractions: (a) b. p. 60—128° (2 g.); (b) b. p. 129° (4 g.); 
(c) b. p. 90°/10 mm. (5-4 g.); (d) b. p. <84°/0-03 mm. (0-2 g.); (e) b. p. 84°/0-03 mm. (1-2 g.). 
Fraction (a) was a mixture of ethanol and 2-hexanone [2: 4-dinitrophenylhydrazone (3 g., 
corresponding to 0-94 g. of ketone)]. Fraction (b) was hexan-2-one [2 : 4-dinitrophenylhydrazone, 
orange-red rods, m. p. 105° (lit., 104—-105°) ; semicarbazone had m. p. 121° (lit., 121—122-5°)]. 
Fraction (c) was 2-acetylthiophen, and fraction (e) dodecane-2 : 11-dione. 

Desulphurisation of 2-Ethyl-5-heptanoylthiophen.—2-Ethyl-5-heptanoylthiophen (20 g.) was 
desulphurised with W-6 Raney nickel (from 125 g. of nickel-aluminium alloy) in ethanol, for 
6 hr. The mixture was worked up as described above. Distillation gave tridecan-7-one 
(15-8 g., 90%), m. p. 31—32° (lit., 31°) (Found: C, 78-9; H, 13-4; O, 8-2. Calc. for C,;,H,,0: 
C, 78-7; H, 13-2; O, 8-1%). The p-nitrophenylhydrazone (from ethanol) had m. p. 96° (lit., 
97°). 
Desulphurisations of Acidic Derivatives of Thiophen.—_(A) Desulphurisation of y-2-thienyl- 
butyric acid according to the method of Papa, Schwenk, and Ginsberg (loc. cit.) gave octanoic 
acid (39%), 44% of the starting material being recovered. After two distillations the octanoic 
acid had m. p. 15—16° (lit., 16°), and the #-bromophenacy]l ester (from aqueous ethanol) had 
m. p. 66—67° (lit., 67°). 

(B) Raney nickel alloy (63 g.) was dissolved in aqueous sodium hydroxide, and digested 
at 50° + 2° as described by Billica and Adkins (loc. cit.). The supernatant liquid was then 
decanted and y-2-thienylbutyric acid (12-4 g.) in 10% aqueous sodium hydroxide (40 c.c.) 
added. The total volume was adjusted to 200—250 c.c. and the mixture kept at 80—110° 
for 4 hr., with stirring. The nickel was filtered off and washed with hot 10% sodium hydroxide 
solution. The combined washings and filtrate were added to concentrated hydrochloric acid 
(150 c.c.) and water (150 c.c.) with stirring. After extraction with ether (dried with MgSO,), 
the product was distilled and yielded starting material (2-5 g., b. p. 120°/0-5 mm.) and octanoic 
acid (4:8 g., 48%; b. p. 86°/0-5 mm.). After two further distillations the octanoic acid had 
m. p. 16°. 

(C) Raney nickel alloy (125 g.) was dissolved and digested at 50° + 2° as described by 
Billica and Adkins (loc. cit.). The catalyst was then carefully washed by decantation with 
distilled water (6 x 500c.c.). +y-2-Thienylbutyric acid (8 g.) in 10% aqueous sodium carbonate 
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was added to a suspension of the catalyst in distilled water (600 c.c.). After 1-75 hours’ 
stirring on a steam-bath the catalyst was filtered off and washed with hot sodium carbonate 
solution. The filtrate and washings were then worked up as in method B. Distillation gave 
octanoic acid (5-0 g., 73%; b. p. 78°/0-05 mm.), m. p. 16°. 

(D) Raney nickel catalyst was prepared as described in method B and washed by decant- 
ation with distilled water (5 x 120 c.c.). y-(5-Ethyl-2-thienyl)butyric acid (10 g.) in 10% 
aqueous sodium carbonate was added to the catalyst, the total volume being adjusted to ca. 
300 c.c. The mixture was then heated on a steam-bath, with stirring, for 3 hr. Fractionation 
of the product gave decanoic acid (4-5 g., 51%; b. p. 116—120°/0-1 mm.) and starting material 
(1-3 g., 138%; b. p. 143°/0-1 mm.). After two distillations the decanoic acid had m. p. 30° 
(lit., 31°). The p-bromophenacyl ester had m. p. 67° (Found: C, 58-6; H, 6-9; Br, 21-4. 
Calc. for C,;,H,;0O,Br: C, 58-7; H, 6-8; Br, 21-6%). 

(E) y-(5-Ethyl-2-thienyl) butyric acid (7-9 g.) was desulphurised by W-6 Raney nickel (ca. 
63 g.) in boiling toluene, for 4 hr. Excessive frothing occurred. The catalyst was filtered 
off and washed with hot toluene, the filtrate and washings being combined. After removal 
of the solvent the product was distilled and gave decanoic acid (2-6 g., 38%; b. p. 120°/0-1 mm., 
m. p. 31°). 

Desulphurisation of y-(2 : 5-dimethyl-3-thienyl) butyric acid was effected similarly but with 
benzene instead of toluene. 5-Ethyloctanoic acid was obtained, in 41% yield, having b. p. 
83—84°/1-05 mm. (Found: C, 69-9; H, 11-75; O, 18-4. Cy HO, requires C, 69-7; H, 11-7; 
O, 18:-6%). The p-bromobenzylthiuronium salt (cf. Dewey and Shashy, J. Amer. Chem. Soc., 
1941, 68, 3526), recrystallised from aqueous ethanol and then from toluene, formed plates, 
m. p. 142—143° (Found: C, 52-1; H, 7-1; N, 6-4. C,gH,O,N,SBr requires C, 51-8; 
H, 7:0; N, 6-7%). 

(F) Desulphurisation of y-(2 : 5-dimethyl-3-thienyl) butyric acid was also effected by method 
C except that a volume of 900 c.c. was used instead of 600 c.c. Under these conditions, 
5-ethyloctanoic acid was obtained in 93% yield. 

In some experiments the products were strongly adsorbed on the catalyst and were 
recovered by extraction with boiling ethanol or by dissolution of the nickel in hydrochloric 
acid. 

Pentadecanoic Acid.—Desulphurisation of y-(5-heptyl-2-thienyl)butyric acid by method 
F gave pentadecanoic acid, b. p. 138—139°/0-05 mm., m. p. 52—53° (lit., 52-5—53-5°), in 
55% yield. However, after the catalyst had been washed with several lots of boiling ethanol, 
a further 27% yield of pentadecanoic acid was obtained. The p-bromophenacy]l ester (from 
ethanol) had m. p. 77-5° (Found: C, 63-1; H, 8-0; Br, 18-5. Calc. for C,,H,,0,Br: C, 62-9; 
H, 8-0; Br, 18-2%). The p-bromophenacyl ester (from ethanol) had m. p. 91—91-5° (lit., 
91-3—91-8°). 

Nonadecanoic Acid.—Desulphurisation of y-(5-undecyl-2-thienyl)butyric acid was carried 
out according to method F, but to avoid excessive frothing, the temperature was kept at 80°. 
The catalyst was dissolved in hydrochloric acid and the product extracted with ether and 
added to that obtained from the alkaline filtrates. In this way nonadecanoic acid, m. p. 
67—68-5° (lit., 66-5°; 69—70°) was obtained in 99% yield. The p-phenylphenacyl ester, 
recrystallised from ethanol and from acetone, formed leaflets, m. p. 98—98-5° (Found: C, 
80-7; H, 10-0; O, 9-5. C,,;H,,0O, requires C, 80-6; H, 9:7; O, 9:7%). The p-bromophenacyl 
ester separated from ethanol in leaflets, m. p. 87—87-5° (Found: C, 65-2; H, 8-4; Br, 16-0. 
C,,H,,0,Br requires C, 65-4; H, 8-75; Br, 16-1%). 

13-Ethylhexadecanoic Acid.—y-(5-5’-Ethyloctyl-2-thienyl) butyric acid (10 g.) was desulphur- 
ised by method F. After being washed with three lots of boiling ethanol the catalyst was found 
(by dissolution in hydrochloric acid) to be virtually free from adsorbed fatty acid. Worked 
up in the usual way, 13-ethylhexadecanoic acid was obtained, in 88% yield, as a colourless oil, 
b. p. 156°/0-1 mm. (Found: C, 76:3; H, 12-45; O, 11-2. C,gH,,O0, requires C, 76-0; H, 
12-8; O, 11-25%). The p-phenylphenacyl ester, recrystallised from ethanol, had m. p. 70° 
after softening at 35° (Found: C, 80-45; H, 9-75. C,,H,,O, requires C, 80-3; H, 9-7%). 
The p-bromophenacyl ester had m. p. 40-5° (from aqueous ethanol) (Found: C, 64:7; H, 8-3; 
O, 10:0. C,,H,,O,Br requires C, 64:85; H, 8-6; O, 10-:0%). 

6 : 6-Dimethylundecanedioic Acid.—Desulphurisation of 2 : 2-di-(5-carboxy-2-thienyl) propane 
(10 g.) was carried out by method F. After recrystallisation from benzene-light petroleum, 
6 : 6-dimethylundecanedioic acid (93%) was obtained as leaflets, m. p. 71° (Found: C, 64-2; 
H, 9:7; O, 26:0. C,,H,,0O, requires C, 63-9; H, 9-9; O, 26-2%). Its bis-p-bromophenacyl 
estey separated from ethanol in leaflets, m. p. 136° (Found: C, 54:7; H, 53; Br, 25-3. 
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C,,H,,0,Br, requires C, 54-6; H, 5-4; Br, 25-0%). Its bis-p-phenylphenacyl ester crystallised 
from ethanol in plates, m. p. 100° (Found: C, 77-8; H, 6-8. C,y,H,,O, requires C, 77-8; H, 
70%). 

4-Oxo-octanoic Acid.—8-2-Thenoylpropionic acid was desulphurised according to method F 
except that only half the quantity of catalyst was used. 4-Oxo-octanoic acid (57% yield) 
had b. p. 168—170°/15 mm., m. p. 53-5—54° (Papa, Schwenk, and Ginsberg, /oc. cit., give m. p. 
54—54-5°). 

5 : 6-Diethyl-4-oxo-octanoic Acid.—Method C was used to desulphurise §-(4-ethyl-2 : 5- 
dimethyl-3-thenoyl)propionic acid. 5 : 6-Diethyl-4-oxo-octanoic acid was obtained as a colour- 
less oil, b. p. 120—121°/0-06 mm., which became brown in light and air (Found: C, 67-65; 
H, 10-1; O, 22-8. C,,H,.O, requires C, 67-25; H, 10-35; O, 22.4%). The thermally unstable 
p-bromobenzylthiuronium salt separated from aqueous ethanol in plates, m. p. 138—139° 
(Found: C, 52-7; H, 6-6; Br, 17-9. C,,)H;,O,N,BrS requires C, 52-3; H, 6-8; Br, 17-4%). 
This acid could not be reduced by the Wolff—Kishner method under conditions described above 
for the reduction of thenoylpropionic acids. 

Desulphurisation of 8-(5-Bromo-2-thenoyl)propionic Acid.—Desulphurisation by method C 
gave 4-oxo-octanoic acid in 25% yield. In another experiment the catalyst was prepared 
and washed by decantation as usual and kept suspended in water (300 c.c.) on a steam-bath 
for 1 hr. before addition of the bromothenoylpropionic acid in sodium carbonate solution. 
The total volume was kept at 500 c.c. No immediate precipitate was formed, but a white 
solid separated after strong cooling. After recrystallisation from ethanol this product, which 
seems to be 4: 13-dioxohexadecanedioic acid, was obtained in prisms, m. p. 152—153° (yield 
3:5%) (Found: C, 61-1; H, 8:2; O, 30-1. C,,H,,O, requires C, 61-1; H, 8-3; O, 30-5%). 

Attempts to desulphurise the bromothenoylpropionic acid without elimination of the 
bromine, by using deactivated catalyst (Spero, McIntosh, and Levin, J. Amer. Chem. Soc., 


1948, 70, 1907), were unsuccessful. 
Microanalyses were carried out by the C.S.I.R.O. Microanalytical Laboratory, Melbourne. 
We also thank the Socony-Vacuum Laboratories, New Jersey, for a generous gift of thiophen. 
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Carotenoids and Related Compounds. Part V.* Synthesis of 
Corticrocin. 


By B. C. L. WEEDON. 
[Reprint Order No. 5535.] 


Syntheses of the pentaene and hexaene members of the polyenedi- 
carboxylic acid series are described. The hexaene is identical with natural 
corticrocin. 


UntTIL a few years ago all known natural polyene pigments were of the carotenoid type 
possessing an isoprenoid carbon skeleton. However the occurrence of a class of pigments 
with polyene chains devoid of the usual methyl substituents is now recognised (Erdtman, 
Acta Chem. Scand., 1948, 2, 209; Gripenberg, ibid., 1952, 6, 580; Schenck, Hargie, 
Tarbell, and Hoffman, J. Amer. Chem. Soc., 1953, 75, 2274). The first representative of 
this group was corticrocin, the bright yellow pigment in the mycorrhiza found on the roots 
of the Norway spruce, Scots pine, and whortleberry, growing on poor acid soil. The studies 
now reported were undertaken to confirm the structure (XIIa) assigned by Erdtman 
(loc. cit.) to corticrocin, and to develop synthetical methods of possible application in the 
carotenoid field. 

Over ten years before the discovery of corticrocin, Kuhn and Grundmann (Ber., 1936, 
69, 1757, 1979; 1937, 70, 1318, 1894) developed a general procedure for the synthesis of 
polyenedicarboxylic acids from polyenemonoacids, but did not prepare the hexaene later 
found in Nature. Recently both the Débner (Parts I and III, J., 1953, 3286, 3299) and 
the Reformatsky reaction (Inhoffen, Isler, Bey, Raspé, Zeller, and Ahrens, Annalen, 1953, 

* Part IV, J., 1953, 3815. 
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580, 7) have been used in the synthesis of diacids of the carotenoid type. Attention has 
now been given to the preparation of polyenediacids by the nitrile and malonate routes 
which have proved so successful in the fatty acid and other fields (cf. Gunstone, Quart. 
Reviews, 1953, 7, 175). 

Oxidative coupling of the pentenynol (I) occurred readily, as reported by Heilbron, 
Jones, and Sondheimer (/., 1947, 1586), and the resulting glycol (II) with phosphorus 
tribromide furnished the crystalline dibromide (III) in 60% overall yield. The structure 
of (III) was confirmed by its light absorption (discussed below), and by conversion into 
dodecanedioic acid (see below). Reaction of the dibromide with cuprous cyanide gave 
(46°) the dinitrile (IV) which was converted (54°%) by methanolic hydrogen chloride into 
the corresponding diester (Vb). Acidic hydrolysis of the latter readily yielded (95°) the 
diacid (Va). This, on catalytic hydrogenation, absorbed 6 mol. of hydrogen to give the 
known dodecanedioic acid. 

The ultra-violet light absorptions of these substituted decadienediynes are summarised 
in Table 1. Compared with the parent hydrocarbon (Bruun, Christensen, Haug, Stene, 
and Sérensen, Acta Chem. Scand., 1951, 5, 1244) the various derivatives all exhibit a 
bathochromic displacement of the bands of long wave-length. This may be attributed to 
hyperconjugation of the terminal substituents with the dienediyne chromophore. Similar 
effects have been noted earlier with substituents such as OH, Cl, Br, in both allylic (Braude 
and Timmons, J., 1950, 2000; Braude and Coles, J., 1951, 2085; Ahmad, Sondheimer, 
Weedon, and Woods, J., 1952, 4089) and propargylic systems (Armitage and Whiting, 
J., 1952, 2005) but no previous observations seem to have been made with CO,H, CO,Me, 
or CN groups. The large shift (12 my) with the dibromide (III) is consistent with findings 
in other series (Table 2). 

Attempts to hydrolyse the diester (Vb) and the dinitrile (IV) with alkali did not give 
the diacid (Va), but showed that the dienediyne chromophore was unstable under the 
conditions employed. The behaviour of the diacid (Va) to alkali was therefore examined. 
After the acid had been kept in 5° aqueous potassium hydroxide at room temperature, 


(I) HCiC-CH:CH-CH,-OH (-C?C-CH:CR-CH:CH:CO,R), (IX) 


Y 


(-C3C-CH:CH-CH,:OH), —» (‘CiC-CH:CR-CHO), (VIII) 


Y Y 


(-C?C-CH:!CH-CH,Br), ——> [-CiC-CH!CH-CH,°CH(CO,But),],  (X) 


Y Y 


(-C3C-CH:CH-CH,CN), (-C3C-CH:CH-CHy°CH,°CO,H), — (XI) 


Y Y 


(*C:C-CH:CH-CH,'CO,R), (*CH:CH:CH:CH:CH:CH:CO,R), (XII) 


Y 


(}C-CH:!CH-CH:CH-CO,R), 


Y 


(VII) (‘CH-CH:CH:CH:CH:CO,Me), (*C:C-CH,*CH,°CH:CH:CO,H), (XIII) 
(2, R= H; 6, R = Me.) 


spectroscopic examination of the solution showed the presence of an absorption band at a 
longer wave-length than those of the starting material. Isolation and esterification of the 
product gave a diester isomeric with (Vb), in 5% overall yield. By catalytic hydrogen- 
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ation, followed by hydrolysis, it was converted into dodecanedioic acid. Its light 
absorption (Table 3) was that expected for a dodecatetraenynedioate, and, of the three 
possibilities, the symmetrical structure (VId) is tentatively suggested. 

The isomerisation of (Va) to a fully conjugated isomer is clearly related to the alkali- 
induced prototropic rearrangements recently observed with other acetylenic systems 
(Gensler and Thomas, J. Amer. Chem. Soc., 1951, 73, 4601 ; Oroshnik, Mebane, and Karmas, 
ibid., 1952, 74,295; 1953, 75, 1050; Celmer and Solomons, ibid., 1952, 74, 3838; Whiting, 
Chem. and Ind., 1953, 239; Shaw and Whiting, Joc. cit., p. 409), and opens up a new 
approach to polyenes. This is exemplified by the partial reduction of the dodecatetra- 
enynedioate over a lead—palladium catalyst to give, after irradiation of the initial product 
with diffuse sunlight, the known methyl dodecapentaenedioate (VII) (Kuhn and 
Grundmann, Ber., 1936, 69, 1979) in 49% yield. 

To prepare the next higher member of the polyene diacid series two routes were 
examined. Oxidation of the glycol (II) with manganese dioxide gave the dialdehyde 
(VIIIa), but attempts to condense this with malonic acid yielded none of the diacid (IXa) 
from which it was hoped to prepare corticrocin by partial reduction. Under conditions 
used successfully to prepare the dimethyl derivative ([Xd) (Part I; J., 1953, 3286) only 
polymeric products were obtained. Attention was therefore directed to the following 
alternative method to synthesise corticrocin. 

Condensation of the dibromide (III) with ethyl sodiomalonate occurred readily, but 
hydrolysis of the resulting crude tetra-ester with alkali gave a mixture. As this was 
attributed to instability of the dienediyne chromophore under the alkaline conditions, 
the condensation was repeated with ¢ert.-butyl potassiomalonate. When the resulting 
tetra-ester (X) was heated in glacial acetic acid with a trace of toluene-p-sulphonic acid 
(cf. Fonken and Johnson, J. Amer. Chem. Soc., 1952, 74, 831), a vigorous evolution of 
isobutylene and carbon dioxide occurred, and the required diacid (XI) was isolated in 
6% overall yield. Heating this acid with 20° potassium hydroxide caused prototropic 
rearrangement, and the potassium salt of corticrocin separated from the boiling solution. 
Liberation of the free acid, and esterification with diazomethane, gave the methyl ester 
(XITbd) in 13% overall yield from (XI). Its light absorption agreed well with that reported 
for the ester of natural corticrocin (see Table 3), and it was identified with the latter by 
direct comparison with an authentic specimen kindly supplied by Professor H. Erdtman. 
Although acetylenic intermediates are used in this synthesis, no reduction of a triple bond 
is involved. 

While this work was in progress, Shaw and Whiting (Chem. and Ind., 1953, 409) outlined 
a synthesis of corticrocin from dipropargyl. The final stage, the isomerisation of the diacid 
(XIII) to corticrocin, is very similar to that employed in the above route, which was 
briefly reported elsewhere (Chem. and Ind., 1953, 1388). 


EXPERIMENTAL 


Whenever possible, operations were carried out in an inert atmosphere. 

Light absorption data were determined in alcohol unless otherwise stated. 

M. p.s marked (K) were determined on a Kofler block and are corrected. 

1 : 10-Dibromodeca-2 : 8-diene-4 : 6-diyne (III).—A rapid stream of air was aspirated through 
a vigorously stirred mixture of pent-2-en-4-yn-l-ol (17 g.) (Heilbron, Jones, and Sondheimer, 
J., 1947, 1583), ammonium chloride (120 g.), and cuprous chloride (75 g.) in water (300 c.c.) at 
50° for 2 hr. (cf. idem, loc. cit., p. 1586). The mixture was cooled, 2N-hydrochloric acid was 
added to dissolve the copper salts which had been deposited, and the mixture was extracted 
thoroughly with ethyl acetate. The extract was washed with water, saturated aqueous sodium 
hydrogen carbonate, again with water, and then dried (Na,SO,) and evaporated under reduced 
pressure. The residual crude deca-2 : 8-diene-4 : 6-diyne-1 : 10-diol (17 g.), m. p. 150—156°, 
was suspended in benzene (175 c.c.; dried over sodium), and phosphorus tribromide (12 c.c.) 
was added to the well-stirred suspension during 5 min. After 1 hr. a homogeneous solution was 
obtained, but stirring was continued for a total of 5—7 hr. The mixture was then poured on 
ice, and the benzene layer was washed with saturated sodium hydrogen carbonate, dried 
(Na,SO,), and evaporated. Crystallisation of the solid residue from light petroleum (b. p. 60— 


4172 Weedon: Carotenoids and Related Compounds. Part V. 


80°) gave the dibromide as plates (18 g.), m. p. 74—75° (Found: C, 41-85; H, 3-0. C,,H,Br, 
requires C, 41-7; H, 2-8%). Light absorption: see Table 1. 

Similar bromination of the pure glycol, m. p. 155°, gave the dibromide in 65% yield. 

Bromination of Oct-3-en-5-yne-2 : 7-diol—Phosphorus tribromide (18 c.c.) was added during 
45 min. to a stirred and cooled (0°) suspension of oct-3-en-5-yne-2 : 7-diol (23 g.) (Ahmad, 
Sondheimer, Weedon, and Woods, J., 1952, 4089) in benzene (150 c.c.). Stirring was continued 
for a further 30 min. at 0° and then for 2 hr. at 20°. The mixture was poured on ice, and the 
product was isolated with benzene; this dibromide (29-6 g.) had b. p. 67°/3 x 10° mm., nu? 
1:5658 (Found: C, 36-7; H, 3-7. C,H,)Br, requires C, 36-1; H, 3-8%). Light absorption : 
max. 251 and 256 my; ¢ = 15,000 and 15,000. 

1 : 10-Dicyanodeca-2 : 8-diene-4 : 6-diyne (IV).—A mixture of the dibromodecadienediyne 
(III) (12-6 g.) and cuprous cyanide (10-7 g.) in acetonitrile (55 c.c.) was boiled under reflux for 
1 hr. (a dark homogeneous solution was obtained after the mixture had been heated for a few 
minutes). The mixture was cooled slightly and then poured into ether. The copper salts thus 
precipitated were filtered off, and the filtrate was evaporated. Crystallisation of the residue 
from benzene gave the dinitrile (3-6 g.) as leaflets, m. p. 130° (Found: C, 80-05; H, 4-75; N, 
15-25. C,,H,N, requires C, 80-0; H, 4:5; N, 15-55%). Light absorption: see Table 1. 

Methyl Dodeca-3 : 9-diene-5 : T-diynedioate (Vb).—The preceding dinitrile (730 mg.) was 
added at 0° to saturated methanolic hydrogen chloride (10 c.c.). The mixture was shaken 
occasionally until homogeneous and then set aside overnight. The solution was evaporated 
under reduced pressure, the residue was triturated with water, and the solid was collected. 
Crystallisation from aqueous methanol gave the diester (540 mg.) as pale yellow leaflets, m. p. 
56° (Found: C, 68-2; H, 5-75. C,,H,,O, requires C, 68:3; H, 5-75%). Hydrogen number : 
44-4, equiv. to 5-5 double bonds. Light absorption: see Table 1. 

Dodeca-3 : 9-diene-5 : 7-diynedioic Acid (Va).—A solution of the preceding diester (1-76 g.) 
in dioxan (36 c.c.) and N-hydrochloric acid (i8 c.c.) was boiled under reflux for 1 hr. and then 
evaporated under reduced pressure. ‘Trituration of the residue with water, and filtration, gave 
the diacid (1-5 g.) which crystallised from a large volume of boiling water in needles, m. p. 
ca. 194° (decomp.) (Found: C, 66:2; H, 4-8. C,.H,,O, requires C, 66-05; H, 4-6%). 
Hydrogen number: 37-0, equiv. to 5-9 double bonds. Light absorption: see Table 1. 

A solution of the diacid (26 mg.) in dioxan (10 c.c.) was shaken with Adams catalyst in an 
atmosphere of hydrogen until absorption was complete (18 c.c. at 20°/760 mm.). Removal of 
catalyst and solvent, and crystallisation of the residue from water, gave dodecanedioic acid 
(17 mg.) as plates, m. p. 129—131° (K), undepressed on admixture with the specimen described 
by Baker, Kierstead, Linstead, and Weedon (/J., 1954, 1804). 

Methyl Dodeca-2 : 4: 8 : 10-tetraen-6-ynedioate (VIb).—A solution of dodeca-3 : 9-diene-5 : 7- 
diynedioic acid (1-4 g.) in 5% potassium hydroxide solution (50 c.c.) was kept at room 
temperature for 64 hr. The solution was cooled, acidified to pH 4 with dilute (1 : 1) phosphoric 
acid, and the solid diacid (282 mg.) thus precipitated was filtered off and dried in a vacuum- 
desiccator. The crude product exhibited light absorption maxima at 352 and 365 mu; E}%, = 
1100 and 1020 respectively. 

A suspension of the crude diacid (270 mg.) in ether was treated at 0° with an excess of ethereal 
diazomethane for 15 min. The mixture was evaporated under reduced pressure and the residue 
was extracted repeatedly with boiling light petroleum (initially with the fraction of b. p. 80— 
100°, and finally with that of b. p. 100—120°). Evaporation of the extracts and crystallisation 
of the residue from methanol yielded the diester (80 mg.) as yellow needles, m. p. 151—152° (K), 
which sublimed in rectangular plates at > ca. 130° (Found : C, 68-0; H, 6-0. C,,H,,0, requires 
C, 68:3; H, 5-75%). Light absorption: see Table 3. 

This diester (4-145 mg.) in glacial acetic acid (5 c.c.) was shaken with Adams catalyst in an 
atmosphere of hydrogen until absorption was complete (2-145 c.c. at N.T.P., equiv. to 
5-7 double bonds). The catalyst was filtered off, and the solvent was evaporated under reduced 
pressure. The residue was boiled with 2n-hydrochloric acid (2 c.c.) for} hr. The mixture was 
cooled and the solid which separated was crystallised from water giving dodecanedioic acid, 
m. p. and mixed m. p. 130—131° (K). 

Methyl Dodeca-2 : 4: 6: 8: 10-pentaenedioate (VII).—A solution of the methyl dodecatetra- 
enynedioate (46-6 mg.) in ethyl acetate (6 c.c.), containing 1 drop of quinoline, was shaken with 
a lead-poisoned palladium catalyst (100 mg.) (Lindlar, Helv. Chim. Acta, 1952, 35, 446) in an 
atmosphere of hydrogen. After 1-1 mol. of hydrogen had been absorbed (4:59 c.c. at N.T.P.) the 
reaction was interrupted and the catalyst was filtered off. On being kept in daylight for some 
hours, the filtrate deposited the diester which was collected and had m. p. 224—225° (K). The 
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mother-liquors were evaporated and the residue was extracted with boiling methanol. The 
residual solid, and that slowly deposited by the methanol extracts on exposure to daylight, were 
crystallised from chloroform—methanol, giving the diester as deep yellow prisms, m. p. 224-5— 
225-5° (KK), which sublimed in prisms at temperatures above ca. 150° (Kuhn and Grundmann, 
Ber., 1936, 69, 1979, give m. p. 223°). The total yield of diester was 23 mg. (Found: C, 68-0; 
H, 7-0. Calc. for C,4H,,0,: C, 67-75; H, 65%). Light absorption : see Table 3. 

Deca-2 : 8-diene-4 : 6-diynedial (VIIIa).—A solution of deca-2 : 8-diene-4 : 6-diyne-1 : 10- 
diol (2-0 g.) (Heilbron, Jones, and Sondheimer, Joc. cit.) in acetone (200 c.c.; ‘‘ AnalaR’’) was 
shaken with manganese dioxide (40 g.) at 20° for 2 hr. (cf. Ahmad, Sondheimer, Weedon, and 
Woods, loc. cit.). Removal of oxide and solvent and crystallisation of the residue (1-4 g.) from 
aqueous methanol gave the dialdehyde (0-9 g.) as yellow plates, m. p. 144° (decomp.) (Found : 
C, 75:95; H, 4:1. C,)H,O, requires C, 75-95; H, 3-8%). Light absorption in chloroform : 
max. 251, 270, 280, 310, 330, and 353 mu; ¢« = 12,500, 23,500, 27,000, 20,000, 25,500, and 
23,500 respectively. In EtOH: max., 227, 238, 248, 264, 280, 295, 315, and 326 (inflexion) mu; 
e = 22,000, 22,000, 22,000, 20,500, 16,000, 16,500, 19,000, and 15,000 respectively. The dioxime 
crystallised from aqueous methanol in plates which decomposed without melting at ca. 220— 
225° (Found: C, 64:0; H, 4:8; N, 15-2. C,,H,O,N, requires C, 63-8; H, 4:3; N, 14-9%). 
Light absorption: max. 268, 280, 291, 312, 336, and 362 mu; ¢« = 23,000, 25,000, 26,000, 
23,000, 34,500, and 31,000 respectively. 

When the glycol was oxidised in 1-0-g. batches, the yield of dialdehyde was raised to 60%, 
but longer reaction times resulted in extensive decomposition of the product. 

Attempts to condense the dialdehyde with malonic acid, under the conditions used success- 
fully with its dimethyl homologue (VIIIb) (Ahmad and Weedon, /J., 1953, 3286), gave only 
polymeric products. Condensation of the dialdehyde with acetone, in the presence of 
aluminium isopropoxide in benzene, gave a product which exhibited absorption maxima in 
chloroform at 365 and 387 my; £}%, == 1080 and 920 respectively, indicating an 
appreciable content of hexadeca-3: 5: 11 : 13-tetraene-7 : 9-diyne-2: 15-dione. This crude 
product polymerised rapidly. 

Methyl Tetradeca-2: 4:6: 8:10: 12-hexaenedioate (XIIb).—A warm solution of 1: 10-di- 
bromodeca-2 : 8-diene-4 : 6-diyne (3-0 g.) in fert.-butanol (30 c.c.) was added rapidly to a well- 
stirred suspension of fert.-butyl potassiomalonate (from 1-65 g. of potassium and 13-5 g. of 
tervt.-butyl malonate) in ¢ert.-butanol (35 c.c.). After the exothermic reaction had subsided, 
the mixture was stirred rapidly for 20 hr. and then poured into 2N-sulphuric acid. The mixture 
was extracted thoroughly with ether, and the extract was washed with water, dried (Na,SO,; 
trace of K,CO,), and evaporated. The residue was extracted with light petroleum (b. p. 40— 
60°), and the extract was washed thoroughly with saturated sodium hydrogen carbonate, dried 
(Na,SO,), and evaporated under reduced pressure. After removal of the excess of fert.-butyl 
malonate at 100°/1 mm., a viscous yellow liquid (5-9 g.) was obtained which exhibited light 
absorption maxima at 251, 266, 280, 296, and 315 mu; El%, = 250, 100, 165, 250, and 200 
respectively. 

A solution of the crude product and toluene-p-sulphonic acid (0-5 g.} in acetic acid (25 c.c.) 
and acetic anhydride (0-5 c.c.) was heated under reflux for 45 min.; a vigorous evolution of gas 
occurred during the first 5 min. The resulting dark solution was cooled and poured into water 
(200 c.c.), giving a colourless solid precipitate. The mixture was concentrated under reduced 
pressure to remove the acetic acid, and the product was extracted with ethyl] acetate. The 
acidic fraction was isolated in the usual way by extraction with saturated sodium hydrogen 
carbonate, acidification of the alkaline extract, extraction with ethyl acetate, etc. Trituration 
with acetone yielded crude tetradeca-4 : 10-diene-6 : 8-diynedioic acid as a colourless solid 
(158 mg.), which decomposed at ca. 230—260° and exhibited light absorption maxima at 228, 
237, 248, 266, 278, 294, and 313 mu; £}%, = 1200, 1050, 870, 230, 550, 800, and 330 
respectively. 

A solution of the crude diacid (60 mg.) in 20° aqueous potassium hydroxide (2-5 c.c.) was 
boiled under reflux for 1 hr.; golden-yellow crystals of the potassium salt of corticrocin began 
to separate soon after heating had been commenced. The mixture was cooled in ice, and the 
yellow solid was then collected. Acidification with dilute (1 : 1) phosphoric acid gave corticrocin 
(14 mg.) which was filtered off and dried in vacuo. 

The diacid was treated with excess of ethereal diazomethane (cf. Erdtman, loc. cit.), and the 
resulting mixture was evaporated under reduced pressure. Sublimation of the residue at 
180°/10-* mm. gave the diester as a yellow solid (7 mg.), m. p. 224° (K), which crystallised from 
glacial acetic acid in golden-yellow plates, m. p. 229—230° (K), undepressed on admixture with 
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a specimen, m. p. 229—230° (K), derived from natural corticrocin (idem, loc. cit., gives m. p. 
230—232°). Light absorption: see Table 3. A further quantity (2 mg.) of the diester was 
obtained by acidification of the mother-liquors of the potassium salt, esterification of the crude 
diacid, and purification as described above. 


Analyses and light-absorption measurements were carried out in the microanalytical 
(Mr. F. H. Oliver) and spectrographic (Mrs. A. I. Boston) laboratories of this Department. 
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Studies in the Baker-Venkataraman Transformation. The Auwers 
Synthesis of 2-Acyleowmaran-3-ones. 


By (Mrs.) E. M. Parcpin, W. I. A. O’SULLIVAN, and T. S. WHEELER. 
[Reprint Order No. 5579.] 


The Auwers synthesis of 2-acylcoumaran-3-ones (III) from the corre- 
sponding o-acyloxy-w-chloroacetophenones (I; X= Cl) is shown almost 
certainly to involve an internal Claisen condensation of the Baker—Venkatara- 
man type. This result confirms an earlier suggestion by Robertson and his 
collaborators (J., 1949, 562). Some quaternary chlorides related to w-chloro- 
acetophenones are described. 


Jones, MACKENZIE, ROBERTSON, and WHALLEY (/., 1949, 562) recalled a statement by 
Auwers (Ber., 1910, 43, 2196) that his synthesis of 2-acylcoumaran-3-ones (III) by the 
action of potassium carbonate in boiling benzene on 0-acyloxy-w-chloroacetophenones 
(I; X = Cl) involved the transformation of (I) into an o-hydroxy-diketone (II; X = Cl) 
which immediately cyclised. They pointed out that support was lent to Auwers’s view 
because stage (I) —» (II) of his synthesis is analogous to the Baker-Venkataraman 
transformation (Baker, J., 1933, 1381; Mahal and Venkataraman, Current Sct., 1933, 2, 
\v°Ncor ON /N ao 
ico-cH,x —P |co-cHx-CoR a Ho Mel l_ lloBz 
~ (II) (111) (IV) 


—— 


Z™ O-COR \ou é 


ls 


214) of o-aroyloxyacetoarones (I; X = H) into o-hydroxydibenzoylmethanes (II; X = H). 
Wheeler and his collaborators in a series of papers (e.g., Current Sct., 1938, 7, 280; /., 1950, 
1925) have shown that this transformation involves an internal, base-catalysed, Claisen 
condensation between an ester and a ketone. It has now been found that, although no 
intermediate diketone of type (II) can be isolated, 2-acetyl-5-methylcoumaran-3-one (III; 
R = Me; Meat 5) is formed from 2-acetoxy-w-chloro-5-methylacetophenone (I; R = Me; 
X = Cl; Me at 5) at room temperature in dioxan in the presence of one of the following 
Claisen condensation bases (percentage yields are given in brackets): NaH (70); KOH 
(45) ; NaOMe (26); NaOPh (23); Na,O, (9); Me*C(ONa):CH-CO,Et (7) ; CPh,Na (in ether, 
35). Attempts to transform the chloro-ketone thermally, alone or in liquid paraffin, at 
150° for up to 2 hours, were unsuccessful. A similar negative result was obtained on use of 
boron trifluoride in ether. As in the normal Baker—-Venkataraman reaction the yields 
depend to some extent on the strength of the base (Doyle, Gégan, Gowan, Keane, and 
Wheeler, Sci. Proc. Roy. Dublin Soc., 1948, 24, 291); weak bases such as potassium car- 
bonate or acetate do not react at room temperature. Sodium hydride is particularly 
effective, and by its use a number of 2-acylcoumaran-3-ones have been prepared from the 
corresponding 0-acyloxy-w-chloroacetophenones in yields of about 70%. Powdered 
potassium hydroxide gives yields of up to 50%. These results confirm the view of Jones 
et al. (loc. cit.) that the Auwers synthesis constitutes the first known example of a Baker— 
Venkataraman transformation. 

Attempts to replace dioxan by pyridine as a solvent in the acylcoumaranone synthesis 
gave unsatisfactory results owing to the formation of quaternary chlorides of the type 
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(ArCO-CH,*NC,H;)*Cl- ; a number of these compounds are described in the Experimental 
section. It was found impossible to effect a Baker-Venkataraman migration of the benzoyl 
group in 2-acetyl-3-benzoyloxy-5-methylbenzofuran (IV). This compound (Auwers, Ber., 
1910, 43, 2200; 1912, 45, 985) is the benzoyl derivative of the enol form of (III; R = Me; 


Me at 5). 


EXPERIMENTAL 


Ethanol was used for crystallisation if no solvent is mentioned. 

Preparation of Esters of w-Chloro-2-hydroxyacetophenones.—tThe esters listed below (numbered 
for reference) were, unless otherwise stated, prepared by heating the phenol and acid chloride 
at 160° for 4 hr. (Auwers, Annalen, 1909, 364, 167): 2-Benzoyloxy-w-chloroacetophenone (1) 
had m. p. 82—83°. Auwers and Jordan (J. pr. Chem., 1924, 107, 354) give m. p. 75—82° (Found : 
C, 65-9; H, 4:2; Cl, 12-4. Calc. for C,;H,,0,Cl: C, 65-6; H, 4-0; Cl, 129%); w-chloro-2-a- 
naphthoyloxyacetophenone (2) crystallised in prisms, m. p. 102—103° (Found: C, 70-0; H, 4-2; 
Cl, 11-1. C,,H,,0,Cl requires C, 70-3; H, 4:0; Cl, 109%); «-chloro-2-8-naphthoyloxyaceto- 
phenone (3) formed prisms, m. p. 103—104° (Found: C, 70-6; H, 4:0; Cl, 11-1%); w-chloro-4- 
methoxy-2-8-naphthoyloxyacetophenone (4) separated in needles, m. p. 124—125° (Found: C, 
68:3; H, 4:4; Cl, 10-7; OMe, 9-2. .C,,H,,;0,Cl requires C, 67-7; H, 4:2; Cl, 10-0; OMe, 8-7%); 
2-acetoxy-w-chloro-5-methylacetophenone (5) (Auwers, Ber., 1910, 43, 2197) was prepared by 
using acetic anhydride with perchloric acid; 2-benzoyloxy-w-chloro-5-methylacetophenone 
(6) was previously prepared by Auwers (Annalen, 1909, 364, 167) as was 2-p-anisoyloxy-w- 
chloro-5-methylacetophenone (7) (Auwers, Ber., 1910, 43, 2197); w-chloro-5-methyl-2-p-nitro- 
benzoyloxyacetophenone (8), which was prepared by the pyridine-acid chloride method (yield, 
less than 50%), crystallised in pale yellow prisms, m. p. 141—142° (Found: C, 57-7; H, 3-5; 
N, 4:3; Cl, 10-3. C,,H,,0;NCl requires C, 57-6; H, 3-6; N, 4-2; Cl, 10-6%); «-chloro-2- 
cinnamoyloxy-5-methylacetophenone (9) separated from ligroin in prisms, m. p. 96—97° (Found : 
C, 69:0; H, 4:6; Cl, 11-3. C,,H,,0,Cl requires C, 68-7; H, 4:8; Cl, 11-3%); «w-chloro-5- 
methyl-2-8-naphthoyloxyacetophenone (10) formed prisms, m. p. 129—130° (Found: C, 70-8; H, 
4-4; Cl, 10-8. C,,H,;0,Cl requires C, 70-9; H, 4-4; Cl, 10-5%). 

Base-catalysed Conversion of Esters of w-Chlovo-2-hydroxyacetophenones into 2-Acylcoumaran- 
3-ones.—A mixture of the ester, dioxan (10 parts), and a base (more than 1 equiv. per mol. of 
ester) was shaken at room temperature for 2—5 hr., and acidified with dilute sulphuric acid. 
The acylcoumaranone formed was recovered by filtration or by extraction with ether. The 
ethereal solution was shaken with saturated aqueous cupric acetate, and the cupri-acylcou- 
maranone obtained was crystallised, and decomposed by dilute sulphuric acid. 

The following 2-acylcoumaran-3-ones were thus prepared; the numbers are those 
assigned to the parent esters. The bases used and the yields of products are discussed in the 
introduction : 2-Benzoylcoumaran-3-one (1) crystallised in brown-yellow needles, m. p. 82—83°, 
which gave a brown ethanolic ferric colour (Found: C, 75-7; H, 4:2. C,;H 0; requires 
C, 75-6; H, 4:2%); 2-a-naphthoylcoumaran-3-one (2) formed pale yellow needles, m. p. 173— 
175°, exhibiting a green ethanolic ferric colour (Found: C, 79-2; H, 4:4. C,,H,,0O, requires 
C, 79:1; H, 4:2%); 2-8-naphthoylcoumaran-3-one (3) crystallised in orange-yellow plates, m. p. 
153—154°, which produced a green-brown colour with ethanolic ferric chloride (Found: C, 
79-2; H, 4:5%); 6-methoxy-2-8-naphthoylcoumaran-3-one (4) separated from ligroin in yellow 
cubes, m. p. 116—117°, giving a green ethanolic ferric colour (Found: C, 75-9; H, 4:7; OMe, 
9-8. C,9H,,0, requires C, 75-4; H, 4:4; OMe, 9-7%); 2-acetyl-5-methylcoumaran-3-one (5) 
(Auwers, Ber., 1910, 43, 2200; 1912, 45, 984) (Found: C, 69-5; H, 5-3. Calc. for C,,H,,O; : 
C, 69-4; H, 5-3%) formed a cupric derivative which separated from benzene in green needles, 
m. p. 270—276° (decomp.) [Found: C, 59-9; H, 4:2; Cu, 14-3. (C,,H,O,),Cu requires C, 
59-8; H, 4-1; Cu, 14-49%]. When this acylcoumaranone was prepared by using as base ethyl 
sodioacetoacetate, its copper derivative by reason of its insolubility in ethanol was readily 
separated from ethyl cupriacetoacetate, which is soluble in that solvent. The technique of 
Hauser and Hudson (Org. Reactions, 1942, 1, 284) was used in the application of triphenyl- 
methylsodium to the preparation of this acylcoumaranone (No. 5); 2-benzoyl-5-methylcou- 
maran-3-one (6) (Found: C, 76-8; H, 4:9. Calc. for C,,H,,0,: C, 76:3; H, 4-8%) had pre- 
viously been synthesised by Auwers (Ber., 1910, 48, 2197; see also Auwers and Auffenberg, 
Ber., 1919, 52, 105), as had 2-p-anisoyl-5-methylcoumaran-3-one (7) (Ber., 1910, 48, 2199) 
(Found: C, 72-0; H, 5-0. Calc. for C,,H,,0O,: C, 72:3; H, 4:9%); 5-methyl-2-p-nitrobenzoyl- 
coumaran-3-one (8) separated from benzene in yellow crystals, m. p. 213—214°, exhibiting a 
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brown ethanolic ferric colour (Found: C, 64:3; H, 3-8; N, 4:4. C,,H,,O;N requires C, 64-6; 
H, 3-7; N, 4:7%); the m. p. of 2-cinnamoyl-5-methylcoumaran-3-one (9), which was obtained 
from the corresponding ester (9), was not depressed by addition of an authentic sample prepared 
by Auwers’s method (Ber., 1912, 45, 985) by condensation of benzaldehyde with 2-acetyl-5- 
methylcoumaran-3-one (5); 5-methyl-2-8-naphthoylcoumaran-3-one (10) crystallised in yellow 
needles, m. p. 125—126°, ethanolic ferric colour brown green (Found: C, 79-5; H, 4:7. Cy9H,,0, 
requires C, 79-5; H, 46%). 

Action of Tertiary Bases on w-Chloroacetophenones.—A solution of w-chloro-2-hydroxy-5- 
methylacetophenone in pyridine was heated at 60° for 30 min. .The precipitated 1-(2-hydroxy-5- 
methoxyphenacyl) pyridinium chloride separated from ethanol—ether in needles, m. p. 235°. This 
compound gave a purple colour with ethanolic ferric chloride, and its aqueous solution contained 
ionic chlorine (Found: C, 63-4; H, 5-4; N, 5-5; Cl, 13:5. C,,H,,O,NCl requires C, 63-8; 
H, 5:3; N, 5:3; Cl, 13:5%); 1-(2-acetoxy-5-methylphenacyl)pyridinium chloride, which was 
similarly prepared in a yield of over 70% from ester No. 5, crystallised from ethanol-ether in 
needles, m. p. 258—260°. This compound did not give a colour with ethanolic ferric chloride, 
but produced ionic chlorine in aqueous solution (Found: C, 62-8; H, 5-5; N, 4:5; Cl, 10-9. 
C,gH,,0,NCl requires C, 63-0; H, 5-2; N, 4-4; Cl, 11-6%); N-(2-acetoxy-5-methylphenacyl)- 
dimethylanilinium chloride precipitated from a solution of the corresponding ester (5) in the 
base, after the mixture had been heated at 100° for 8 hr. and kept at room temperature for 14 
days. The product crystallised from ethanol-ether in needles, m. p. 162—163°. The ethanolic 
ferric reaction was negative, and the aqueous solution contained chloride ions (Found: C, 65-1; 
H, 6-1; N, 4:0. C,,H,.0,NCI requires C, 65-6; H, 6-3; N, 4-:0%). 

In an experiment on the preparation of w-chloro-2-x-naphthoyloxyacetophenone (ester 
No. 2), a mixture of the ketone (3 g.), «-naphthoyl chloride (3-4 g.), and pyridine (15 ml.) was 
kept at room temperature for 25 min. and acidified. Extraction of the resulting precipitate 
with hot ligroin removed the required ester (1-7 g.). The residual 1-(2-«-naphthoyloxyphenacyl)- 
pyridinium chloride separated in plates (1-1 g.), m. p. 190—191°, which did not exhibit an ethanolic 
ferric reaction. The aqueous solution contained ionic chlorine (Found: C, 68-7, 68-2; H, 4-8, 
4-7; N, 3-4; Cl, 8-6. C,,H,,0,;NCI,H,O requires C, 68-3; H, 4-7; N, 3-3; Cl, 8-4%). 
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Dehydration of Lycorine.* 


By J. W. Cook, J. D. Loupon, and P. McCLoskKEy. 
[Reprint Order No. 5603.] 


Dehydration of lycorine yields 9: 10-methylenedioxy-7H-dibenzo[ f,hz]- 
pyrrocoline (V) and its 4: 5-dihydro-derivative (IV). These compounds, 
which were identified by synthesis through N-4’: 5’-methylenedioxy-2’- 
nitrobenzoylindoline, readily undergo aerial oxidation forming the 7-oxo- 
derivatives (VI) and (III) respectively. 


ForMUuLA (I), proposed for lycorine by Kondo and Katsura (Ber., 1940, 78, 1424), represents 
the alkaloid by a structure which should readily undergo dehydration to a more highly 
aromatic form. Dehydration is certainly known to occur in course of degradative reactions 
but the independent process has not been described and relevant information available is 
both scanty and obscure (cf. survey by Cook and Loudon, ‘“‘ The Alkaloids,’’ Ed. Manske 
and Holmes, Academic Press Inc., New York, 1952, Vol. II, p. 331). It was from this 
point of view that the experiments here described were initiated some years ago. 

Lycorine was isolated from Narcissus pseudonarcissus L., essentially in the manner 
described by Ewins (J., 1910, 97, 2406). It was characterised as its hydrochloride, picrate, 
and dihydro-derivative but its specific rotation was much lower than that usually recorded 
although, curiously enough, the value for the derived hydrochloride agreed with that 
recorded (Ewins, Joc. cit.; cf. Asahina and Sugii, Arch. Pharm., 1913, 251, 357; Gorter, 

* After this paper had been written, a preliminary notice of work in the same field, and embracing 


(without experimental data) some of the compounds now described, was published by Taylor, Thomas, 
and Uyeo (Chem. and Ind., 1954, 929). 


(1954) Dehydration of Lycorine. 4177 


Bull. Jard. Bot. Buttenzorg, 1920, [ii], I, 352; II, 331; Yurashevsku, J. Gen. Chem. 
U.S.S.R., 1938, 8, 949; Greathouse and Rigler, Amer. ]. Bot., 1941, 28, 702; Hunger 
and Reichstein, Helv. Chim. Acta, 1953, 36, 824). Lycorine distilled unchanged in a high 
vacuum, a behaviour which denotes a fair degree of thermal stability. On the other 
hand, similar distillation from a mixture with alumina yielded dehydration products. 
These proved to be highly sensitive compounds, difficult to purify or characterise. The 
principal product was a rather feeble base for which the formula, C,,H,,0,N, was preferred 
to C,,H,,O,N on the basis of analyses of its picrate and methiodide. Moreover, under 
quantitative hydrogenation conditions the base evolved one mol. of gas, and by simple 
heating with palladium in methanol it afforded a product, C,gH,,O,N. This same dehydro- 
compound was also detected as a by-product of the dehydration experiments on lycorine. 
From colour tests it appeared that the new compounds might well be related as an 
indoline to the corresponding indole. Neither of the compounds was stable, each on 
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A, Phenanthridone derivative (111). C, Degradative and, D, synthetic sample of (V1). 
B, Phenanthridone derivative (V1). E, Compound (V). 


fusion and also in hot solvents yielding higher-melting materials which are referred to 
later (see also Experimental Section). 

Concurrently with the degradative study synthetic work designed to yield the indoline 
derivative (IV) was undertaken. To this end N-2’-amino-4’ : 5’-methylenedioxybenzoyl- 
indoline (II) was prepared and diazotised, and the diazonium solution was heated in 
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order to form the phenanthridone (III). It has recently been shown that this type of 
reaction, when applied to 2-amino-N-methylbenzanilides which contain an o-substituent, 
may lead to abnormal results (Hey and Turpin, Chem. and Ind., 1954, 216, 219). In the 
present case a gum was formed and afforded a crystalline constituent, C,,H,,O,N, which 
was immediately suspect because of its relatively low melting point. It was not identical 
with 4’ : 5’-methylenedioxybenzoylindoline (C,,H,,;0,N) and is regarded as 4’ : 5’-methyl- 
enedioxybenzoylindole since on attempted reduction with lithium aluminium hydride it 
gave much indole. On the other hand, when the diazonium solution from (II) was 
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decomposed in a neutral environment or, better, in presence of precipitated copper, there 
was formed—albeit in poor yield—another product, C,,H,,0O,N, which appears to be 
the phenanthridone (III). The ultra-violet absorption spectrum of this product is given 
in Fig. 1 and is comparable with that of N-methylphenanthridone (Karrer, Szabo, Krishna, 
and Schwyzer, Helv. Chim. Acta, 1950, 38, 295). Reduction of (III) with lithium 
aluminium hydride gave the dihydrophenanthridine (= indoline) derivative (IV) and this 
compound was essentially identical with the dehydration product of lycorine. 

Because of the instability of (IV) it was not easy to establish the absolute identity of 
the two samples as obtained by degradation and synthesis respectively. Their melting 
behaviour was similar and their ultra-violet absorption spectra are given in Fig. 2. The 
absorption curve for the synthetic sample generally resembles that of authentic dihydro- 
N-methylphenanthridine (Karrer et al., loc. cit.), and the curve for the degradative 
material may be brought into conformity on the plausible assumption that this particular 
sample is contaminated with the indolic compound, C,,H,,O,N, already recognised as a 
by-product of degradation. _ The ultra-violet absorption spectrum of the latter compound 
is also shown in Fig. 2. The infra-red spectra of the samples (IV) were kindly measured 
by Dr. L. A. Duncanson who reported that although the spectra (of the solids in Nujol) 
were not identical, the similarity between them was such as could hardly be fortuitous. 
Methiodides prepared from the two samples had virtually identical ultra-violet absorption 
spectra. Moreover, on dehydrogenation the samples afforded the same dehydro-com- 
pound, now formulated as (V), of which the respective specimens were identical in m. p., 
in ultra-violet (Fig. 2) and in infra-red spectra. 

The two degradation products, thus identified by synthesis as (IV) and (V), are clearly 
accountable in terms of Kondo and Katsura’s formula for lycorine but they neither establish 
this formula nor rule out more recently proposed alternatives (Robinson et al., Chem. and 
Ind., 1953, 946, 1317 : Govindachari and Thyagarajan, 7b1d., 1954, 374; Kelly, Taylor, and 
Wiesner, J., 1953, 2094). Their further transformations as observed during the present 
investigation relate to their instability when heated in solvents or in air. Thus their 


melting behaviour was frequently complicated by the formation of cloudy melts in which 
higher-melting material developed fairly rapidly. This was eventually traced to oxidation 
whereby the phenanthridone (III) was produced from (IV) and its dehydro-analogue (VI) 
was formed from (V). The ultra-violet absorption spectra of these phenanthridone 
derivatives are shown in Fig. 1. 


EXPERIMENTAL 


Extraction of Lycorine.—Washed bulbs (35 kg.) of Narcissus pseudonarcissus L. were sliced, 
dried at room temperature, and disintegrated to a coarse powder (10 kg.) which was extracted 
with ethanol under reflux (24 hr.). The cold, filtered extract deposited (12 hr.) a colourless 
solid which was removed before the solution was concentrated. The clarified concentrates 
(750 c.c.) were treated with water (750 c.c.) and, after 12 hr. at 0°, filtered from a sludge 
which was washed with 40% ethanol and then with a little cold 5n-hydrochloric acid. The 
combined filtrate and washings were concentrated (to 750 c.c.) under reduced pressure, cooled, 
clarified, and extracted with ether (6 x 250 c.c.). The ethereal solution was washed with 
20% hydrochloric acid (2 x 100 c.c.), and the combined aqueous phases were treated with an 
excess of a saturated solution of sodium carbonate. After 12 hr. at 0° the partly crystalline 
solid was collected, washed with sodium carbonate (which removed some amorphous acidic 
material), and repeatedly extracted with hot dilute hydrochloric acid (wherein a dark, resinous 
acid remained undissolved). Crude lycorine, liberated from the acid solution by aqueous 
sodium carbonate, was partly purified by renewed dissolution in hot acid (charcoal), recovery, 
and washing with small quantities of cold methanol (which removed some yellow solid). It 
(20 g.) was now converted into the hydrochloride, which was repeatedly crystallised from 
n-hydrochloric acid and (twice) from 90% ethanol, affording colourless needles, m. p. 212—214° 
(decomp.), [a]?* +44-9° (c, 2-94 in H,O). The recovered lycorine formed colourless prisms, 
m. p. ca. 270° (decomp.) (from ethanol), [«]}! —72-7° [c, 0-612 in pyridine—ethanol (1 : 1 v/v)], [a]? 
—83-8° (c, 0-1432 in 98% ethanol) (Found: C, 66-45; H, 6-0; N, 5-0. Calc. for Cy,H,,0,N : 
C, 66-9; H, 6-0; N, 4.9%). It was distilled at 175—185°/2 x 10° mm. without change in 
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m. p. or [a]p, and afforded the picrate as yellow leaflets, m. p. 196—197° (decomp.; heated at 
rate of 2°/min.) (Found: C, 51-4; H, 4-1. Calc. for C,,H,,0,N,C,H,O,N; : C, 51-2; H, 3-9%). 

Dehydration of Lycorine.—In a series of experiments lycorine (0-5 g.) was intimately mixed 
with powdered alumina (1-7—2 g.) and, after careful evacuation to remove air-pockets, the 
mixture was heated in a sublimation tube at 175—185°/4 x 10° mm., for periods ranging 
from 8 to 24 hr. In general there was formed a solid sublimate accompanied by varying 
quantities of gum. The latter could be removed by preferential dissolution in warm ethanol 
but in most cases the total sublimate was dissolved in a mixture of peroxide-free ether (20 c.c.) 
and 0-1n-sulphuric acid, and the water-washed, dried, ethereal layer (which had a blue 
fluorescence) was evaporated to afford a crystalline solid. The acid layer usually contained 
unchanged lycorine (isolated as the hydrochloride) together with amorphous basic material 
which was not investigated. 

The main crystalline product was unstable and deteriorated in air, in hot solvents, or during 
attempted chromatography (even under nitrogen) in light petroleum (b. p. 60—80°) on alumina. 
It was best purified by rapid crystallisation from ethanol and thereby formed colourless or 
pale brown leaflets, considered to be 4: 5-dihydro-9 : 10-methylenedioxy-7H-dibenzo[f,hi]pyrro- 
coline (IV), which melted variously within the range 112—123° (corr.) (Found, in sample of 
m. p. 122—123°: C, 76-65; H, 4:95. C,,H,,0,N requires C, 76-5; H, 5:2; N, 56%. Other 
samples of m. p. 119—120° had C, 77:3, 77-45, 77-4; H, 4-9, 5-2, 5-5; N, —, —, 5-55. 
Calc. for C,gH,,O,N: C, 77-1; H, 4:4; N, 56%). Light-absorption max. in EtOH: 217, 
249, 281—289, 342, 352, 357 mu; log « 4-48, 4-21, 3-76, 4-02, 3-99, 4-00. With picric acid in 
cold methanol it afforded the picrate as brownish-red needles, m. p. ca. 250° (decomp.; bath pre- 
heated to 230°) (Found: C, 55-2; H, 3-2; N, 11-6. C,,H,;0,N,C,H,O,N, requires C, 55-0; H, 
3-3; N, 11:7%), and with methyl iodide (18 hr. at room temperature) it gave the methiodide 
as flattened needles (from ethanol), m. p. 216—217° (decomp. and cloudy melt in a capillary 
tube; single crystals when unenclosed became opaque at ca. 230° but were unmelted even up 
to 253°) (Found: C, 51-9; H, 4-4. C,,H,,0,NI requires C, 51-9; H, 4:1%). Light-absorption 
max. of the methiodide in EtOH: 300, 318 mu; log « 4-03, 4-10: inflexion at 236—245 my; 
log « 4-25. . 

Dehydrogenation of (IV) to (V).—A solution of the dehydration product (IV) (20 mg.) in 
methanol (2 c.c.) was heated under reflux (3 hr.} with palladium black (20 mg.). The hot 
filtered solution deposited 9: 10-methylenedioxy-7H-dibenzo[f,hi]pyrrocoline (V) as colourless 
needles (10 mg.), m. p. 159—161° (corr.) (from methanol) (Found: C, 77-2; H, 4:5. C,,H,,0O,N 
requires C, 77-1; H, 4:-4%). Light-absorption max. in ethanol: 226, 258, 277, 286, 342, 358 
mu; log ¢ 4:47, 3-79, 3-73, 3-67, 4-18, 4-17: inflexions at 232, 269, and 300—305 mu; log « 
4-41, 3-70, and 3-73. The compound gave a well-marked Ehrlich reaction and afforded a 
picrate as reddish-brown needles, m. p. 143—145° (decomp.). The same compound (V) had 
earlier been encountered (a) on a single occasion as by-product in the dehydration of lycorine 
and (b) as contaminant of the methiodide prepared from a much-crystallised sample of (IV). 

4’ : 5’-Methylenedioxy-2’-nitrobenzoylindoline.—Indoline, b. p. 226—230°, characterised as 
the picrate of m. p. 177—178° (from ethanol) (Found: C, 48-4; H, 3-6; N, 16-1. Calc. for 
C,H,N,C,H,O,N,: C, 48-3; H, 3-45; N, 16-1%), was prepared from 2-0-aminophenylethanol 
and benzenesulphonyl chloride in presence of sodium hydroxide as described by Bennett and 
Hafez (J., 1941, 287), the yield being increased through hydrolysis of the incidentally formed 
benzenesulphonylindoline by heating the latter under reflux with 70% sulphuric acid. Indoline 
(7-2 g.) in ether (25 c.c.) was added with cooling to an ethereal solution (25 c.c.) of 4: 5- 
methylenedioxy-2-nitrobenzoyl chloride, prepared from the acid (12-6 g.) (Bedi and Narang, 
J. Indian Chem. Soc., 1936, 18, 253) and thionyl chloride. Powdered potassium carbonate 
(12-5 g.) was then added, and the whole shaken for 15 hr. at room temperature, heated under 
reflux for 2 hr., and freed from ether. The residue, washed with water, N-hydrochloric acid, 
and again with water, afforded 4’ : 5’-methylenedioxy-2’-nitrobenzoylindoline as greenish-yellow 
prisms (10-5 g.), m. p. 219—220° (corr.), from ethanol (charcoal) (Found: C, 61:5; H, 4:2; N, 
8-8. C,.H,.0;N, requires C, 61:5; H, 3-85; N, 9-0%). 

2’-Amino-4’ : 5’-methylenedioxybenzoylindoline (II), m. p. 143—144° (from methanol), was 
obtained when a solution (formed by heating and rapid cooling) of the foregoing nitro-com- 
pound (4-5 g.) in ethyl acetate (350 c.c.) was hydrogenated (6 hr.) over palladised strontium 
carbonate (5 g. of 1:5%) (Found: 68-1; H, 4:8; N, 10-1. C,,H,,0,N, requires C, 68-1; H, 
5-0; N, 99%). It afforded the picrate as golden-yellow needles, m. p. ca. 218° (decomp.) 
(from methanol) (Found: C, 51:7; H, 3-7. C,,H,,0,;N,,C,H,;O,N, requires C, 51-7; H, 
3-3%), and the hydrochloride as slender needles, m. p. ca. 245° (decomp.), from dilute hydro- 
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chloric acid (Found: C, 60-2; H, 4:35; N, 8-8. C,,H,,O,;N,,HCl requires C, 60-4; H, 4-7; 
N, 8:8%). 

Pschorr-type Cyclisation of (I1).—(a) The amine (II) (0-5 g.) dissolved in 0-5N-sulphuric 
acid (30 c.c.) was treated at 0° with sodium nitrite (0-17 g.) in water (1 c.c.) and the mixture, 
in which orange-coloured crystals had separated, was slowly heated to 100°. The solid 
dissolved, gas was evolved, and a tar separated. After 10 min. the whole was cooled and 
extracted in ether containing a little benzene from which a yellow gum was recovered and 
was chromatographed on alumina in the same solvent, affording colourless leaflets, m. p. 90— 
92°, from methanol (charcoal) (Found: C, 72:3; H, 4:25; N, 5-4. ©C,,H,,0O,N requires C, 
72-45; H, 4:15; N, 5:3%). This compound is regarded as 4’ : 5’-methylenedioxybenzoylindole 
since (i) it was not identical with 4’ : 5’-methylenedioxybenzoylindolihe, m. p. 120—122° (from 
ethanol) which was prepared from the corresponding acid chloride in reaction with indoline 
(Found: C, 72-15; H, 5:3; N, 5:1. C,gH,,0,N requires C, 71-9; H, 4-9; N, 5-2%), and (11) 
it yielded indole, recovered as a low-melting solid (picrate, m. p. 178—179° raised to 180—181° 
by admixture with indole picrate) from the water-washed reaction solution after reduction 
(9 hr.) with lithium aluminium hydride in anhydrous ether. 

(t) The suspension, cbtained by diazotising the amine (II) (] g.) in 2n-sulphuric acid 
(25 c.c.) with aqueous sodium nitrite (0-26 g. in 1-6 c.c.) at 0°, was diluted with water (25 c.c.), 
neutralised (methyl-red) with sodium carbonate, and heated to 100° during 1 hr. The solid 
obtained from the cooled mixture was heated with charcoal in methanol, recovered as a brown 
powder (0-62 g.), and separated by rubbing with cold benzene (3 c.c.) into a soluble fraction 
(0-4 g. of m. p. 90°, from methanol) and a residue (0-07 g. of m. p. 228—232°). The combined 
residues from several preparations afforded 4 : 5-dihydro-9 : 10-methylenedioxy-7-ox0-7H-d1benzo- 
f,hi]pyrrocoline (III) as colourless needles, m. p. 246—247°, from ethanol (charcoal) (Found : 
C, 72-8; H, 4:4; N, 5-4. C,,H,,0,N requires C, 72-4; H, 4:2; N, 5-3%). Light-absorption 
max. in EtOH: 242, 249, 275, 303, 327, 343 mu; log « 4-66, 4-62, 4-32, 4-03, 3-84, 3-86. 

(c) To the faintly turbid diazonium solution, prepared from (II) (0-5 g.) in 2N-sulphuric 
acid (25 c.c.) by treatment at 0° with sodium nitrite (0-135 g.) in water (1-35 c.c.), was added 
freshly precipitated copper powder (0-25 g.), and the whole was shaken for 15 hr. at room 
temperature. After a further 10 hr. the mixture was slowly heated to 70—85° whereupon a 
pale-brown solid gradually separated (10 min.); this was dissolved in benzene which was 
added to the hot suspension. The benzene extract was washed with dilute aqueous sodium 
hydroxide, dried, and concentrated (to 2 c.c.), affording the phenanthridone (III) (0-066 g.) 
which was purified from ethanol (charcoal). The benzene mother-liquor contained the lower- 
melting product. 

4 : 5-Dihydro-9 : 10-methylenedioxy-7H-dibenzo[f,hi]pyrrocoline (IV).—A suspension of the 
phenanthridone (III) (0-455 g.) and lithium aluminium hydride (0-7 g.) in dry ether (100 c.c.) 
was heated under reflux for 24 hr. before being cooled and treated with fragments of ice. The 
ethereal solution (which had a blue fluorescence), combined with ethereal washings of the 
aluminium hydroxide, was dried and evaporated, affording a yellowish mass (0-414 g.) of 
stout needles which softened at 80° and had (micro-)m. p. 108—111° (forming a melt in which 
some crystals survived and became centres for the subsequent growth of tiny needles; the 
latter began to sublime at ca. 200° and melted at 210°). Crystallisation from methanol 
afforded colourless leaflets (0-371 g.) which softened at 100°, (micro-)melted at 110—115°, 
re-solidifying and re-melting at 225—230°. Moreover, except that the values were slightly 
higher, this melting behaviour was reproduced when simultaneously examined with a mixture 
of this compound and a sample of (IV) obtained by dehydration of lycorine. Attempts to 
purify the material further failed because of the tendency of the compound to deteriorate. 
Light-absorption max. in EtOH: 217, 251, 282, 349 mu; log ¢« 4-45, 4:29, 3-82, 3-89. The 
compound formed a methiodide as straw-coloured needles which, when crushed, gave a cloudy 
melt at 216—218° (decomp.) (corr.), undepressed by admixture with the methiodide of the 
degradation product (IV) (Found: C, 52-05; H, 4-2; N, 3-9%). Light-absorption max. of 
the synthesised methiodide in EtOH: 301, 318 my; log ¢ 4-08, 4:1: inflexion, 238—244 my; 
log « 4-26. 

Dehydrogenation of synthetic (IV) was conducted as described for the specimen of (IV) 
obtained by degradation and afforded the indole derivative (V) as colourless needles, m, p. 
(after softening at 153°) 160—163° (corr.), and mixed m. p. with the specimen from degradation, 
159—-161° (Found: C, 77:3; H, 4:4; N, 56%). Light-absorption max. in EtOH: 226, 
258, 276, 287, 300, 341, 358 mu; log ¢ 4-45, 3-77, 3-71, 3-65, 3-72, 4-18, 4-16: inflexions 233, 
269—270 mu; log ¢ 4-395, 3-68. The compound gave a positive Ehrlich reaction even in the 
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cold. On continued heating above the m. p. the melt (and mixed melt) developed into a mass 
of tiny needles which remelted at ca. 210—218°. The picrate, prepared from the components 
in hot methanol, formed dark-red needles, m. p. (and mixed m. p. with the degradation 
specimen) 144—145° (decomp.) (corr.). 

Aerial Oxidation of (IV) and (V).—({a) Small quantities (10—60 mg.) of (IV), obtained from 
lycorine, were heated as thin films, first at 140° and then gradually (30 min.) to 200°, whereupon 
a vacuum (0-1 mm.) was applied and caused sublimation of a yellowish solid. Combined 
sublimates were re-sublimed and fractionally crystallised from methanol, affording first the 
phenanthridone (III) which was identified by m. p. and by its ultra-violet and infra-red 
absorption spectra (Found: C, 72-05; H, 4:6; N, 5-3%). The concentrated mother-liquor 
gave a second crystalline material which, from its m. p. (140—145°) and positive Ehrlich 
reaction, is regarded as the indole (V). 

(b) Compound (V) (14 mg.), slowly heated in a sublimation tube to 200—230°, gave a 
partly crystalline sublimate which afforded 9 : 10-methylenedioxy-7-ox0-7H-dibenzo[f,hi|pyrro- 
coline (VI) as almost colourless needles, (micro-)m. p. 216—218° (from methanol) depressed 
by admixture with (III). Light-absorption max. in EtOH: 238, 248, 300, 348 mu; log e 
4-51, 4-57, 4:36, 4-01: inflexions at 232, 245, 292, 339 mu; log ¢« 3-94, 4-49, 4-22, 3-96. The 
infra-red absorption of the solid in Nujol showed a carbonyl band at ca. 1670 cm.-! (Found 
in a second specimen of slightly lower m. p. : C, 72:6; H, 4-0. C,sH,O,N requires C, 73-0; 
H, 34%). When mixed with picric acid in methanol the compound afforded a yellow 
crystalline substance of rather indefinite (micro-)m. p. appearing to ‘‘ dissociate ’’ at 115—120° 
and finally melt at 155—157°; there was insufficient for further examination. 

(c) Mixtures of the phenanthridones (III) and (VI) were also encountered when the crude 
dehydration product of lycorine was subjected to much heating in solvents (light petroleum or 
ethanol) in presence of air. The high-melting product in such cases gave an ultra-violet 
absorption curve which was a composite of those shown in Fig. 1. 

Miscellaneous Experiments.—Attempted quantitative hydrogenation of the dehydration 
product of lycorine gave varying results. When treated in acetic acid solution under hydrogen 
and with palladium as catalyst, different samples of the compound evolved 0-9 and 0-6 mol. of 
gas, while with a third sample evolution appeared to be followed by absorption of gas In 
one case (0-9 mol. evolved) evaporation of the filtered solution im vacuo and washing of the 
residue with hot benzene afforded a water-soluble substance—apparently the acetate of a 
base—which with picric acid in ethanol gave a picrate as orange-yellow prisms, m. p. 267° 
(from methanol) (Found: C, 55:1; H, 3-3); but in other experiments, although the m. p., 
267—268°, was constant, analyses varied (Found, after intensive drying: C, 56-0, 55-7; H, 
3-9, 3:0%). Attempts to isolate the free base failed since it rapidly changed in non-acidic 
media, and the only product identified (by m. p., and ultra-violet and infra-red spectra) was 
the phenanthridone (III). 

Dihydrolycorine, m. p. 244° (decomp.), prepared from lycorine by hydrogenation in acetic 
acid with palladium as catalyst and purified via the nitrate, m. p. 247—-248° (decomp.), sublimed 
unchanged at 160—165°/5 x 10mm. _ For dehydration it was mixed with alumina and under 
sublimation conditions slowly heated (4-5 hr.) to 210°/5 x 10-4 mm. and then (18 hr.) at 
200—215°/5 x 10% mm. At this stage the sublimate obtained was dissolved in 0-1N-sulphuric 
acid, and the solution was extracted with ether from which, when washed and dried, a gum 
was recovered. With picric acid in ethanol the gum formed a brick-red, crystalline picrate, 
m. p. ca. 247°. A later sublimate, obtained after further heating (8 hr.) at 250°/4 x 10° mm., 
was similarly treated, affording (from the ether-soluble fraction) a picvate as yellow-orange 
needles, m. p. 262—265° (from ethanol) (Found: C, 54-6; H, 3-7%). A mixture of the two 
picrate fractions had m. p. 249° and admixture of the higher-melting picrate with the picrate 
(m. p. 267°) mentioned in the preceding paragraph gave m. p. 265°. 


We are indebted to Dr. Duncanson for determination of infra-red spectra and to Mr. 
J. M. L. Cameron and his assistants for microanalyses. 
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Chemistry of the Coprosma Genus. Part IX.* The Constitution 
of Asperuloside. 


By Linpsay H. Brices and B. F. Cain. 
[Reprint Order No. 5288.] 


Asperuloside, C,,H,,0,;,H,O, is shown to be the 8-glucoside of the enolic 
form of a 8-ketonic 8-enolic lactone. This structure (XII) accounts for the 
unusual properties of the compound. Anomalous results in the infra-red 
spectra are discussed. 


ASPERULOSIDE (see Part VIII * for references) has unusual properties, notably that acid 
hydrolysis produces a clear blue colour, quickly changing to green, followed by the formation 
of a brownish-black precipitate in a clear supernatant solution. When first prepared, the 
precipitate dissolves in glacial acetic acid with a green colour and in alkali with a red 
colour, but when its solution is boiled in air (oxidation) a black, insoluble polymer is formed. 
Aucubin gives a similar black polymer and is known (Karrer and Schmid, Helv. Chim. Acta, 
1946, 29, 525) to be a furan derivative. This similarity and the fact that asperuloside 
apparently gives the Ehrlich and other reactions typical of furans led Trim and Hill 
(Biochem. J., 1952, 50, 310) to suggest a furan structure for asperuloside. However, their 
furan colour reagents are acidic or potentially acidic so that the colours could be those 
produced by asperuloside with the acid alone. 

Trim and Hill have suggested a formula, C,,H,,0,,, for asperuloside but our results 
with the free compound and its derivatives support the formula of a monohydrate, 
C,3H..0,,,H,O. It has been extremely difficult to obtain consistent analytical results to 
determine the molecular formula and especially the water of crystallisation. Analyses of 
air-dried asperuloside agree with the molecular formula, C,,H,,0;.. On heating im vacuo, 
decomposition occurs before drying is complete. The combined results support formulation 
as a monohydrate [the Karl Fischer method gave variable results (1-9—-3-5%), suggesting 
that the reagent reacted with asperuloside (cf. Mitchell, Analyt. Chem., 1951, 28, 1069)). 
Anhydrous asperuloside also could not be obtained crystalline after azeotropic removal of 
water. 

Asperuloside may be readily characterised as a tetra-acetate (cf. Trim and Hill, 
loc. cit.), tribenzoate (Part VIII), and tri-f-nitrobenzoate. Although the formulation as a 
tetra-acetate is proved by elementary combustion, acetyl values indicated the presence of 
six acetyl groups. Asperuloside itself contains an acetyl group and the sixth molecule is 
produced by hydrolytic break-down (see below). The infra-red spectrum of the acetyl 
derivative contained no hydroxyl bands, indicating that all free hydroxyl groups had been 
acetylated. Since asperuloside is a glucoside (Juillet, Susplugas, and Massa, J. Pharm. 
Chim., 1938, 27, 56; Part VIII), the four acetyl groups must have entered the glucose 
portion of the molecule. The benzoyl and the #-nitrobenzoyl derivative exhibit a 
hydroxyl band in the infra-red. The acylated derivatives are all acid-labile, giving the 
same colour changes as asperuloside. 

Acid hydrolysis of asperuloside affords glucose as well as the black polymer. Neither 
colour nor polymer is formed by boiling dilute acid in absence of oxygen. The hydrolysis 
yields also 1 mol. of carbon dioxide and more than 1 mol. of acetic acid. One mol. of 
acetic acid results from the hydrolysis of an acetyl group and the further mol. is liberated 
by hydrolytic break-down (see below). No other acid could be identified after the hydrolysis 
by paper chromatography by use of Brown’s (Biochem. J., 1950, 47, 598) and Kennedy and 
Barker’s solvent systems (Analyt. Chem., 1951, 28, 1033). 

Before the true nature of the tetra-acetyl derivative was realised it was considered that 
periodate oxidation might yield valuable information. Asperuloside consumed 2-67 mols. 
of periodate with the liberation of 1-00 mol. of formic acid (Fig. 1). The glucose portion of 
the molecule would account for 2 mols. of periodate and 1 mol. of formic acid and the 
excess of 0-67 mol. of periodate would indicate a further glycol group. As no further 


* Part VIII, J., 1954, 3940. 
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hydroxy] groups are present this represents an anomalous reaction of asperuloside : perhaps 
the methylene group of the $-ketonic lactone group (see below) is oxidised (cf. Huebner, 
Ames, and Bubl, J. Amer. Chem. Soc., 1946, 68, 1621). 

Aqueous solutions of asperuloside, when treated with cold sodium hydroxide, carbonate, 
or hydrogen carbonate solution, more slowly with the weaker alkalis, become yellow 
and finally reddish-brown, two equivalents of alkali being consumed (Fig. 2). Trim and 
Hill (loc. cit.) observed that 1-3—1-4 mols. of alkali were consumed but that more acid was 
liberated on standing. In our experiments hydrolysis was extremely rapid—a 0-0075m- 
solution of asperuloside was completely hydrolysed by 0-1N-sodium hydroxide at 25° in 
three minutes. Potentiometric titrations showed that asperuloside was neutral, that the 
two acidic groups set free on hydrolysis were of comparable strength (pK, ~4-9), and that 
no phenolic groups were liberated. From these results asperuloside must contain two 
ester groupings or an anhydride linkage. The very rapid hydrolysis suggested the latter 
and this appeared to be supported by sodium methoxide titrations. Smith and Bryant 
(J. Amer. Chem. Soc., 1936, 58, 2452) have shown that esters undergo methanolysis without 
uptake of sodium methoxide (R°-CO,R’ + NaOQMe —» R’CO,Me + NaOR’) while acid 
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anhydrides consume 1 mol. of sodium methoxide (R*CO-O-CO-R’ + NaOQMe —» 
R-CO,Na + R’CO,Me). Both asperuloside and its tetra-acetate consume 1 mol. of 
sodium methoxide when so titrated. This apparently is a further anomalous reaction 
since no normal anhydride derivatives could be prepared from asperuloside, and under 
much milder conditions (Fig. 2) the two acid fragments were liberated at different rates, 
facts which could not be accommodated by an anhydride group. 

Back-titration of hydrolysed solutions of asperuloside, however, gave rather indefinite 
end-points characteristic of lactones. Further degradation has shown that there is indeed 
a lactone ring in the molecule and this could explain the anomalous sodium methoxide 
titrations. Fittig (Annalen, 1891, 267, 191) noted that y-lactones on treatment with 
sodium alkoxides gave the corresponding y-alkoxy-acid. Smith and Bryant (loc. cit.) also 
noted that some lactones behave anomalously, glucono-8-lactone, for example, consuming 
1 mol. of sodium methoxide. 

Acetyl values of asperuloside itself were also anomalous, lying between those required 
for one and two acetyl groups. 

The presence of two “‘ester’”’ groups in asperuloside can be accommodated by the 
presence of one lactone and one acetyl group and some explanation must be sought for the 
formation of the other molecule of acetic acid produced on hydrolysis. No crystalline 
compounds could be isolated after complete or partial hydrolysis, or after methanolysis of 
asperuloside but acetylation of the hydrolysed product afforded a small yield of tetra- 
acetylasperuloside. The partial formula, C,H,O(O-C,H,,0;)(OAc)(-O-CO-), can then be 
assigned to asperuloside, leaving one oxygen atom to be accounted for. 
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Asperuloside and its tetra-acetate failed to react with the normal carbonyl reagents and 
gave no benzylidene derivative. Trim and Hill (loc. ctt.), however, have shown that asperu- 
loside gives a positive reaction with Duke’s test (Ind. Eng. Chem., Anal., 1944, 16, 110), 
with a value approximating to one carbonyl group. The presence of a keto-group has been 
confirmed by the properties of some of its degration products (see below) and is supported 
by the infra-red spectrum. Asperuloside and its tetra-acetate each exhibit three bands in 
the carbonyl region, at 1786, 1748, 1701 and 1773, 1748, 1706 cm. respectively. The 
bands at 1701 and 1706 are assigned to the lactone group, those at 1748 to the acetyl group 
or groups, and those at 1786 and 1773 to the carbonyl group. The inactivity of asperuloside 
towards carbonyl reagents is probably due to steric hindrance since it will be shown below 
that the carbonyl group is ««’-substituted. The partial formula for asperuloside can now 
be expanded to CgH,(O*C,H, ,O;)(OAc)(*O-CO*)(CO), derived from a parent hydrocarbon 
C,)H,, and thus requiring the presence of three double bonds, three rings, or some combin- 
ation of the two. 

Asperuloside and its tetra-acetate gave a negative test with tetranitromethane and 
there was only a slow uptake of bromine from the usual solvents. Both were recovered 
quantitatively after 24 hours’ contact with perbenzoic or monoperphthalic acid. Bromine 
in anhydrous methyl alcohol, however, yielded an acid-stable dibromomethoxide, 
C,gH,.,0,,(OMe),Br,. Tetra-acetylasperuloside yielded with the same reagent under 
slightly more vigorous conditions a monobromo-methoxide, C,gH,,0,,;Ac,(OMe)Br, which 
reacted further with bromine in acetic acid to give a bromo-acetoxy-derivative, 
C,gH,.O,,Acy(OMe)(OAc)Br,. Similarly, tetra-acetylasperuloside with bromine in acetic 
acid yielded additively a monobromo-acetoxy-derivative, C,gH,,0,,;Acy(OAc)Br. Anal- 
ogous reactions noted in the literature are usually only side-reactions under the above 
experimental conditions. One exception is plumieride (Schmid, Bickel, and Meijer, 
Helv. Chim. Acta, 1952, 35, 415) which resembles asperuloside in giving a polymer on acid 
hydrolysis and similar anomalous bromination products. The above results indicate the 
presence of two double bonds of unusual type and therefore one ring besides that of the 
lactone. 

Asperuloside and its tetra-acetate, even in high concentration, exhibit maximum 
ultra-violet absorption at one point only, 234-5 mu with e 6800 and 8300 respectively, this 
being characteristic of a diene system (Braude, Ann. Reports, 1945, 42, 105) which is con- 
firmed by the fact that asperuloside couples with diazotised #-nitroaniline. Neither 
compound, however, reacted with maleic anhydride or #-benzoquinone, indicating a 
trans-diene system. From the position of the maxima in the spectra, Woodward's hypothesis 
(J. Amer. Chem. Soc., 1942, 64, 72) requires that the two double bonds shall not be in the 
same ring. As expected, none of the bromine addition products exhibits a maximum absorp- 
tion in the ultra-violet. The conjugation of the two double bonds also explains the non- 
reactivity to per-acids. 

The Kuhn-Roth estimation on asperuloside indicates the presence of one C-Me group 
not included in the acetoxy-group, and this completes the functional groups present in the 
molecule. 

Now, the instability of asperuloside to acids is even greater than indicated above: the 
characteristic colour changes are brought about by boiling n/10,000-hydrochloric acid. 
Such sensitivity is typical of enolic glucosides (Karrer and Schmid, Helv. Chim. Acta, 1946, 
29, 525), suggesting that one of the substituents of the diene system may be the -O-Glucose 
moiety. This is in line with the effect of such a system on the infra-red spectrum. Conjug- 
ated dienes usually absorb between 1639 and 1600 cm.-!. The electron-donating property 
of an oxygen atom directly attached to a diene system will create a greater dipole and so 
increase the rigidity of the system. This in turn increases the vibrational frequency, and 
lowers the wave-length and increases the strength of the absorption band. Both asperulo- 
side and its tetra-acetate exhibit an extremely strong band at 1661 cm.~! due, we suggest, to 
the above causes (it will be seen below that this effect is duplicated). 

The band at 814 cm." indicates that one of the double bonds is trisubstituted (Sheppard, 
Quart. Reviews, 1952, 6, 1). The absence of other characteristic bands indicates that both 
double bonds are trisubstituted or that one is tri- and the other tetra-substituted. 
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The results of hydrogenation were complex. On hydrogenation asperuloside absorbed 
4-6 mol. of hydrogen with palladium-charcoal and slightly larger amounts with platinum 
catalysts. Tetra-acetylasperuloside absorbed 3-5 mols. with palladium and again slightly 
more with platinum catalysts. Hydrogenation of asperuloside with palladium catalysts 
gave 1 mol. acetic acid and a small amount of glucose, but no other crystalline material. 
Hydrogenolysis of glucose under mild conditions is another characteristic of enolic gluco- 
sides (cf. aucubin; Karrer and Schmid, Joc. cit.). Acetylation of the crude hydrogenated 
product gave the same product as was obtained by hydrogenation of tetra-acetylasperulo- 
side. Acetic acid was also liberated on hydrogenation of tetra-acetylasperuloside with 
palladium or platinum catalysts, the major product of the reaction being an acid (A), which 
gave no colour on hydrolysis with acids. From the analysis of the acid (A), 
CgH ,,0[0°C.H,0,;(Ac),4]*CO,H, it is apparent that hydrogenolysis of both the acetoxy- and 
the lactone group has taken place. The infra-red spectrum of this compound contains 
bands at 1757, 1715, 1706 and a medium band at 1650 cm.~!, assigned to acetyl-carbony], 
carboxyl-carbonyl, and carbonyl groups, and a double bond, respectively. The band at 
814 cm."! in asperuloside and its tetra-acetyl derivative disappears on hydrogenation, 
indicating that the trisubstituted double bond has been reduced. Compound (A) reacted 
slowly with bromine in methyl alcohol, acetic acid, or chloroform, but no crystalline pro- 
ducts could be obtained. Its ultra-violet spectrum exhibited no selective absorption, thus 
indicating the absence of conjugation of double bonds. No band other than the medium 
band at 1650 cm."!, characteristic of double bonds, appeared in the infra-red spectrum, 
suggesting the presence of a tetrasubstituted double bond, in keeping with its resistance to 
hydrogenation. However, normal tetrasubstituted double bonds, owing to their sym- 
metrical nature, give rise to very weak absorption, if any. The explanation of the anom- 
alous result is that compound (A) is also an enolic glucoside, being hydrolysed by n/1000- 
hydrochloric acid. The substituent, -O—Glucose, would be expected to increase the dipole 
of the double bond, and so produce a band of greater intensity than that usually found in 
a tetrasubstituted double bond. 

With diazomethane the acid (A) afforded the methyl ester with the expected properties 
and infra-red spectrum. 

The acid (A) was decarboxylated above its melting point (at 200°) or, better, with a trace 
of copper in quinoline at 180°. The compound formed, (B), C,,H;.0,,, was that expected 
from a simple loss of carbon dioxide. The infra-red spectrum exhibited the double-bond 
absorption band of moderate intensity at 1650 cm.! and only two carbonyl bands (1770 
and 1715 cm."!), the carbonyl band of the carboxyl group having disappeared. Acid 
hydrolysis of the product (B) gave a steam-volatile diketone (C), Cg,H,,0,, proving con- 
clusively that the parent compounds are enolic glycosides. The diketone, obtained directly 
or by regeneration from its 2 : 4-dinitrophenylhydrazone, gave a positive iodoform test, 
indicating the presence of aCOMe group. Since the compound (B) failed to give the test 


before hydrolysis it must contain the grouping, Glucosyl-O-CMerC<e, including the tetra- 


substituted double bond, to agree with the infra-red spectrum. 

Compound (A) on acid hydrolysis also afforded the diketone (C), with loss of carbon di- 
oxide. This contrasts with the more violent conditions required for thermal decarboxyl- 
ation, indicating that (A) is a potential $-ketonic acid. There is then only one way of 
placing the carboxyl group in a non-conjugated position to the double bond as required by 
the ultra-violet spectrum, namely, (I). 


‘G > O-G 
(I) edeeeviséow Cc-CC- =C-CH,'CO,H (II) 
(G = glucosyl) R,H 


In apseruloside there is a further trisubstituted double bond, conjugated with that in 
(I), so that asperuloside must contain the partial skeleton (II). 

Trim and Hill (loc. cit.) observed various colour reactions when asperuloside was treated 
with a variety of amines. These have been confirmed in that it has been found that 
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asperuloside reacts with primary aliphatic or aromatic amines to give yellow solutions, 
rapidly changing through orange to red and finally yielding deep blue to greenish-blue 
water-soluble pigments, from which, however, no crystalline product could be isolated. 
The reaction is not concerned with the keto-group (as suggested by Trim and Hill) since the 
hydrogenated product (A) failed to give the colours with primary amines. These colour 
reactions, we suggest, are due to the presence of an enolic lactone grouping, since Walton (/., 
1940, 438) observed similar colour reactions with compounds of this type. 

An aqueous solution of asperuloside, originally neutral, becomes acid to litmus when boiled 
for 4 hour. No volatile acid could be distilled, showing that only the lactone group was 
involved. This property is also characteristic of enolic lactones, since enolic lactones in 
boiling water afford some keto-acid (Kuehl, Linstead, and Orkin, /J., 1950, 2213) while 
normal esters, lactones, or even «$-unsaturated lactones do not react as rapidly or as readily. 

Hydrogenation of asperuloside or its tetra-acetate yielded the corresponding deoxy-acid, 
another feature of enolic lactones (Jacobs and Scott, J. Biol. Chem., 1930, 87, 60). It 
appears, therefore, that asperuloside contains the partial skeleton (III) or, much less 
probably, (IV). On to this structure must be fitted a carbon ring and a carbonyl group, 

¥ OG ¢ OG 
(III) phases C =CH-C=C-CH, (IV) 
o--~—€0 oa, 


placed in a position non-conjugated with the double bonds (ultra-violet spectrum), together 
with a methyl and an acetoxy-substituent. There are thus only two partial structures, 
viz., (V) and (VI). The latter doubly contravenes Bredt’s rule (Fawsett, Chem. Reviews, 
1950, 47, 219) and may be eliminated. Thus asperuloside has one of the partial structures 
(VII) or (VIII). 

On these formulations, the diketone (C), formed on hydrolysis of the hydrogenated 
derivatives, must be (IX) or (X). On phytochemical grounds, the former, related to 
p-menthane, is to be preferred. This ketone has been prepared by Wallach and Schrader 


co-CH, cO-CH, COMe 


-O Me 
) Me-CO 5 
a 
(VII) (VIII) (IX) (X) 


(Annalen, 1894, 279, 377) as a minor oxidation product of dihydrocarvone. It has now 
been prepared by the ozonolysis of dihydrocarvone, and its bis-2 : 4-dinitrophenylhydraz- 
one has been prepared. The melting point, 242°, is different from that, 225°, of the diketone 
(C) and depresses its melting point. The infra-red spectra of the two compounds, however, 
were practically identical, exactly in the intensities and positions of the absorption bands in 
the valency region (2—7 u) and only slightly different in the higher regions; the main 
difference was a weak band at 857 cm." for the product from dihydrocarvone which did not 
appear in the other. However, neither product is optically pure. That obtained from 
dihydrocarvone by reaction (a) is asymmetric at Cj, but racemic at C,,. And if our 
assumption on the structure of the diketone (C) is correct the hydrogenated tetra-acetyl- 
asperuloside must have formula (XI), leading by reaction (b) to the diketone asymmetric 
at C,,, and racemic at Cy. This difference would account for the physical differences 
observed. Attempts to racemise either ketone by acid or alkali led to decomposed pro- 
ducts. The structure was confirmed by oxidation of hydrogenated tetra-acetylasperuloside 
(A) under vigorous conditions with alkaline permanganate and nitric acid to a-methyl- 
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glutaric acid, which could not be obtained from any isomeric structure for the diketone. 
The rotation of this acid could not be obtained owing to the small amount isolated. 


Zn-KOH 


Sr AN. 


(XI) I 
Fe . 
(OAc),C,H,0,-0° CH,-CO,H oO} 


The final problem was the position of the acetoxy-group. If it were attached to a 
tertiary carbon atom, this would explain its ready hydrogenolysis (cf. andrographolide ; 
Kleipool and Kostermans, Rec. Trav. chim., 1951, 70, 1085). However, tertiary acetates 
are usually cleaved by aluminium amalgam at room temperature (Gorter, 2bid., 1914, 33, 
239) and asperuloside and its tetra-acetate were unaffected by this reagent even under more 
vigorous conditions (boiling aqueous-dioxan). A potential ketol group, however, was dis- 
closed by the following experiments. When asperuloside was added to Fehling’s solution, 
the colour changed first to green and then slowly to blue, different from the original colour 
of the reagent. Warming with excess of the reagent produced a copious precipitate of 
cuprous oxide. Earlier workers reported that asperuloside does not reduce Fehling’s 
solution. The colour changes are apparently due to chelation of copper after hydrolysis of 
the asperuloside. Nickel and iron form chelate compounds with hydrolysed asperuloside 
so stable that the metal hydroxides are not precipitated by 
alkali. Unhydrolysed asperuloside does not form chelate 
compounds. Chelation, we suggest, is due to the presence of 
an a-ketol group. Asperuloside readily reduced Tollens’s 
\ reagent and ammoniacal silver nitrate, as observed by earlier 

7 workers, possibly owing to the presence of the «-ketol group 

OH iberated on hydrolysis or the y-unsaturated lactone group 

(cf. Kuehl e¢ al., loc. cit.), but there was no action with Rigby’s 

bismuth trioxide reagent (J., 1951, 793). Hydrolysed asperuloside, however, gave a 

positive test with bismuth trioxide, confirming the presence of an «-ketol group in this 

material and a potential «-ketol group in asperuloside itself. Asperuloside, therefore, 
must have the structure (XII). 

An alternative structure with the acetoxy-group on C,, does not contain a trisubstituted 
double bond as required by the infra-red spectrum, nor does it explain the ready hydro- 
genolysis of the acetoxy-groups. The above formula is supported by the infra-red data 
and the observations of Adkins (see Gilman, ‘‘ Organic Chemistry : An Advanced Treatise,”’ 
John Wiley & Sons, Inc., New York, Vol. I, p. 820) that C—O bonds are most readily hydro- 
genolysed when adjacent to an electrophilic group (aromatic, carbonyl, alkoxycarbonyl, 
etc.). Two such groupings on either side of the acetoxy-group in asperuloside thus leads 


to the ready hydrogenolysis observed. 
Me 40 Me 4O 
. Me 4O 


Ht OH ¢ OH 
¢> —_ cool > re OH +CH,°CO,H 
4p O <> ee co, 


CH,-OH 
_H 


XII 
ee Seer gl 7 
CO-CH, HO,C-CH, (XIII) 

Final support for the structure of asperuloside came from a study of the black polymer 
formed on oxidative hydrolysis. The first product, in its free acid form, is a 88-diketo-acid 
which could hydrolyse in various ways, but all these would give the same intermediate 
(XIII). This would explain the production of carbon dioxide and the 2 mols. of acetic 
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acid and thus the anomalous acetyl values (p. 4182). The intermediate compound (XIII), 
being a @-hydroxy-ketone, would readily lose water to form toluquinol; oxidation to tolu- 
quinone could then occur, with the formation of the quinhydrone, which is known to poly- 
merise. It is also evident why oxidation is necessary in addition to hydrolysis. 

On this basis the black precipitate should be polymerised toluquinhydrone. The 
formula, (C;H,O,),, agreed with this while the infra-red spectra of the polymer and that 
synthesised from authentic toluquinhydrone were practically identical. When freshly 
prepared, polymerised toluquinhydrone is soluble in glacial acetic acid and alkalis, yielding 
green and red colours respectively, bleached by reducing agents (hydrogen peroxide, 
sulphur dioxide, zinc, etc.), and the polymer from asperuloside behaves similarly. Finally, 
a black polymer is obtained, insoluble in acids, alkalis, organic solvents, and even in con- 
centrated sulphuric acid again similar to the final product from asperuloside. Poly- 
merisation, however, occurs apparently by a somewhat different mechanism since asperulo- 
side is polymerised by boiling 2N-hydrochloric acid in five minutes whereas toluquinhydrone 
requires several hours for complete reaction. 

In agreement with the above mechanism, boiling 5°, anhydrous methanolic hydrogen 
chloride does not bring about the usual colour changes. Methanolysis of enolic lactones to 
the corresponding keto-esters is extremely rapid (Kuehl et al., Joc. cit.). Thus, asperuloside 
gives a $-keto-ester which would not decompose as does the free 8-keto-acid obtained on 
aqueous hydrolysis. 

Two further observations on the spectra of asperuloside can be made. Woodward (loc. 
cit.) correlated the position of the absorption bands of diene systems with substitution by 
alkyl groups. Little difference apparently occurs when one substituent is an oxygen atom, 
e.g., progesterone enol acetate and testosterone diacetate; with the system (XIV), both 
exhibit maximum absorption at 240 mu, compared with a theoretical value of 242 mu 
(Woodward). When two substituent oxygen atoms are present, however, as in the penta- 
substituted diene system of asperuloside, a marked change occurs. The absorption maxi- 
mum of asperuloside lies at 234-5 my. instead of 247 my required for a pentasubstituted 
diene. Again, in the infra-red spectra, two cumulative electron-donating oxygen atoms in 
the system (XV) give rise to a greater dipole. This is reflected in increased rigidity, leading 
to a higher vibrational frequency, 7.e., a lower wave-length and a greater intensity of the 
absorption band. Rosenkrantz and Gut (Helv. Chim. Acta, 1953, 36, 1000) recently made 
similar observations on the increased intensity of the double-bond absorption of enolic 
lactones and esters. 

Me 
YN 
RO oN 


7) 


(XIV) (xv) 

On this evidence a different interpretation may be placed on the results obtained by 
Schmid, Bickel, and Meijer (/oc. cit.) on plumieride, and we suggest that this substance also 
contains a diene system with oxygen substituents. The ultra-violet spectrum exhibits 
only one absorption peak at ca. 217 my, characteristic of a diene system, and not, as sug- 
gested by the Swiss workers, of an «$-unsaturated carbonyl system, where there are usually 
two absorption bands, the intense K-band and the less intense R-band at a higher wave- 
length (cf. Evans and Gillam, J., 1941, 815). Woodward (loc. cit.) has shown that substi- 
tution of a diene system produces an absorption band at a higher wave-length than that 
(217 mz) of butadiene itself. We have shown, however, that substitution with an oxygen 
atom produces a bathochromic effect. The position of the absorption maximum of 
plumieride, ca. 217 mu, could be the result of the cancellation of the hypsochromic effect 
of alkyl substitution on the diene system by the bathochromic effect of oxygen substitution. 
The relatively strong band at 6-13—6-14 » (1629—1631 cm.) in the infra-red spectrum of 
plumieride could be that of a diene system with oxygen substitution, for reasons advanced 
for asperuloside itself. There are other reactions also of plumieride reminiscent of the 
peculiar properties of asperuloside due to the presence of the oxygen substituted diene 
system. 

The unusual constitution of asperuloside might have been reflected in some unusual 
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physiological effect. We are greatly indebted to Dr. W. F. Short of Messrs. Boots Pure 
Drug Co. Ltd., for a comprehensive survey of its pharmacological and bacteriological 


properties, which, however, disclosed no outstanding activity. 


EXPERIMENTAL 

Analyses are by Drs. T. S. Ma and A. D. Campbell, Otago Univeristy. M. p.s were carried 
out in Mason’s apparatus. 

Extraction of Asperuloside.—Finely ground, air-dried bark of Coprosma robusta, collected at 
Mangere, was extracted continuously with acetone until a test portion of the bark on boiling 
with dilute hydrochloric acid no longer gave a black precipitate. After concentration, the 
acetone extract was seeded with asperuloside and set aside in the refrigerator. The crystalline 
mass was then filtered off, washed with ligroin, crystallised from alcohol and then water and 
finally repeatedly from alcohol to constant m. p. 131-5—132° (yield, 1-4—1-5%). [a]}* was 
—200-4° (1,1; c,1-4in H,O). The following analytical results were obtained on samples of the 
same material: Found, on air-dried material: C, 50-0, 50-2; H, 5-8, 5-9; Ac, 16-6, 15-1, 13-9; 
C-Me, 5-7. Calc. for C,3H,.0,,,H,O: C, 50-0; H, 5-6; 1Ac, 10-0; 1C-Me, 3-6. Found, in material 
dried to constant weight over P,O, in vacuo at room temperature: C, 50-9, 50-7; H, 5.6, 5-6; loss, 
0-93, 0-95. Found, after crushing the crystals and drying them to constant weight over P,O; 
in vacuo at room temperature: C, 50-8, 50-8; H, 5-3, 5-5; loss, 1-70, 1-679%. Found, in material 
dried to constant weight over P,O; in vacuo at 78°: C, 51-3, 51-1; H, 5-6, 5-5; loss, 2-43, 2-27. 
Calc. for C,,H,,0,,: C, 52:2; H, 5:3; loss, 4:17%. Samples dried at 100° gradually melted to 
a brownish-black substance with loss of a crystalline sublimate and gave inconsistent analytical 
figures. The loss of weight in such experiments varied between 2-75 and 4:3%. 

The Karl Fischer reagent, prepared according to Almy, Griffin, and Wilcox (Ind. Eng. Chem., 
Anal., 1940, 12, 392), was standardised against chloral hydrate (visual end-points). Terpin 
hydrate gave values of 9-58 and 9-42% for the water content (calc., 9:-48%). Asperuloside 
gave 2-58, 3-94, and 1:93% (calc. 4:17%). 

The molecular weight was determined by Signer’s isopiestic method (Annalen, 1930, 478, 
246) as modified by Clark (Ind. Eng. Chem., Anal., 1941, 18, 820). Phenacetin in methanol, 
with azobenzene as standard, gave M, 173 (calc., 179). Asperuloside, under similar conditions, 
gave M, 463 (calc., 432), apparently owing to dissociation of the water of crystallisation. 
Hérissey (Compt. rend., 1925, 180, 1695) obtained M, 410 (cryoscopic in H,O) in good agreement 
with the calculated value of 414. 

The ultra-violet absorption spectrum, measured in ca. M/5000-alcoholic solution, exhibited a 
maximum at 234-5 my (log ¢ 3-83). The infra-red spectra of asperuloside and its derivatives were 
measured in Nujol mulls. Max. for asperuloside appeared at 3497w, 3300m, 3165m, 1786m, 
1748s, 1701s, 1661s, 1534w, 1508w, 1330w, 1282s, 1217m, 1185m, 1081s, 1059s, 1025s, 990s, 754m, 
= medium, w = weak). 


797 


913m, 862m, 815m, 765w, 745m, and 727w cm. (s strong, m 

Acid Hydrolysis of Asperuloside.—(a) Asperuloside (1-573 g.) in water (150 c.c.) and concen- 
trated sulphuric acid (5 c.c.) was steam-distilled until no further acid appeared in the distillate. 
Neutralisation of the distillate required 42-93 c.c. of 0-1N-sodium hydroxide (calc. for 1 mol. of 
acid, 36-41 c.c.). Evaporation of the neutralised distillate yielded a brown solid (360 mg.). 
This material (200 mg.) was dissolved in water (20 c.c.), acidified to litmus with hydrochloric acid, 
and extracted continuously with ether for 80 hr. On attempted microfractionation of the 
extremely pungent, brown oil so obtained, extensive decomposition occurred and no organic 
material could be recovered from the distillate. Sublimation of the remainder, however, at 
60°/3 mm. afforded a very small quantity of needle-shaped crystals, micro-m. p. 111—112°, 
undepressed by the sublimate formed on drying asperuloside at 100°. There was insufficient 
for further investigation. 

The brown solid (50 mg.) was dissolved in water (1 c.c.) and made just acid to phenolphthalein 
A cold saturated solution of S-benzylthiouronium chloride in alcohol 


with hydrochloric acid. 
Repeated crystallisation of 


(2 c.c.) was added, and the mixture boiled and allowed to cool. 
the product from alcohol afforded rectangular plates, m. p. and mixed m. p. with S-benzyl- 
thiuronium acetate, 137°. p-Nitrobenzyl acetate, m. p. and mixed m. p. 78°, was obtained by 
similar manipulation. 

(6) A solution of asperuloside (0-1262 g.) in water (25 c.c.) was freed from dissolved carbon 
dioxide by bubbling nitrogen through the boiling solution. Concentrated hydrochloric acid 


(2 c.c.) was added, the boiling and passage of nitrogen was continued for 2 hr. and the issuing 
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gases were passed through Peligot tubes containing barium hydroxide solution. Barium car- 
bonate (0-0363 g., 0-63 mol.) was collected. 

(c) The black polymer formed on hydrolysis (Hérissey’s ‘‘ asperuligenol,”’ loc. cit.), was 
prepared by boiling asperuloside with dust-free 2N-hydrochloric acid for several hours. The 
material was washed with water and organic solvents and dried [Found: C, 68-5; H, 5-7. 
(C,H,O,), requires C, 68-3; H, 5-7%]. 

Hydrolysis of Asperuloside.—0-005m-Solutions of asperuloside were treated with 0-1N- and 
0-025Nn-sodium hydroxide and @-069N-sodium carbonate solutions at 25° (thermostat), and 
aliquot portions titrated at intervals. The results are illustrated in Fig. 2. 

A solution of asperuloside (108 mg.) in absolute methanol (10 c.c.) and N-alcoholic sodium 
hydroxide (0-5 c.c.; 2-2 equiv.) was kept at room temperature for 24 hr., during which the 
solution had become deep brown. Passage of the solution through an ion-exchange column 
(Amberlite IR-4B) removed both the metal ions and the colour. Concentration of the filtrate 
and methanol washings afforded a pale green, viscous gum, decolorised by treatment of an 
acetone solution with charcoal. The solid obtained on evaporation, however, was extremely 
hygroscopic and resisted attempts to crystallise it and to form acylderivatives. Treatment of a 
small quantity (25 mg.), however, with acetic anhydride (0-75 c.c.) and pyridine (1-5 c.c.) ina 
sealed tube at 100° for 2 hr. afforded, after crystallisation, colourless plates of tetra-acetyl- 
asperuloside, m. p. and mixed m. p. 154°. 

Periodate Oxidation of Asperuloside.—0-3409M-Sodium metaperiodate (20 c.c., 16 mols.) was 
added to asperuloside (0-4385 g.) in water (460 c.c.). The mixture was made up to 500 c.c. with 
water. Temperatures throughout were 25° (thermostat). The amount of periodate consumed 
and the formic acid produced were determined as described by Briggs and Vining (J., 1953, 2809). 
The results are illustrated in Fig. 1. 

Tetra-acetylasperuloside.—Prepared as recorded in Part VIII (loc. cit.) this had m. p. 154-5— 
155°. A 92% yield, however, was obtained by reaction at room temperature for 2 days [Found, 
after drying at 100°: C, 53-9, 53-6; H, 5-5, 5-0; Ac, 41-2, 37-3, 37-6%; M, isopiestic in (a) 
methyl formate, 573, (b) methyl acetate, 576. Calc. for C,,H,,0,; : C, 53-6; H, 5-2; 5Ac, 36-9% ; 
M, 582-5). [a]? was —128-6° (/, 1; c, 0-65in EtOH). The infra-red spectrum exhibited peaks 
at 1773s, 1748s, 1706m, 1661s, 1253s, 1232s, 1209s, 1771s, 1121m, 1066s, 1037s, 987s, 962s, 
912m, 858m, 833w, 813m, 753w, and 746w cm... The ultra-violet spectrum, measured in 
ca. M/8500-alcoholic solution, exhibited a maximum at 234-5 my (log ¢ 3-92). 

Tribenzoylasperuloside.—This derivative (see Part VIII; m. p. 168—168-5°) had a strong 
absorption band at 3356 cm.—}, assigned to hydroxyl. 

Tri-p-nitrobenzoylasperuloside.—Asperuloside (200 mg.), p-nitrobenzoyl chloride (1-76 g.) 
and pyridine (2-5 c.c.) were heated under reflux for 1 hr. The cooled mixture was stirred into 
ice-water (100 c.c.) and allowed to stand. The ester (85%), after crystallisation to constant m. p. 
from ethyl acetate—alcohol (2: 3), formed colourless needles, m. p. 222—222-5° (Found, in material 
dried at 110°: C, 54-7, 54-9; H, 3-9, 3-4; N,5:1,5:2. C,,H;,0,,N, requires C, 54-4; H, 3-6; N, 
4-9%). The infra-red spectrum showed a maximum at 3356 cm."1, assigned to hydroxyl. 

Anhydride Titrations.—These were carried out according to Smith and Bryant (J. Amer. 
Chem. Soc., 1936, 58, 2452), the sample being dissolved in 4 c.c. of ca. 0-06N-sodium methoxide 
in a stoppered flask and then heated for 1 hr. at 50°. After cooling, the sample solution and a 
blank, similarly treated, were titrated with 0-0134N-hydrogen chloride in anhydrous methanol 
to an end-point of pH 9-5 (Cambridge potentiometer) [Found: Mols. of sodium methoxide 
consumed, (a) asperuloside, 0-87 ($ hr. heating only), 1-08 (b) tetra-acetylasperuloside, 0-93, 1-10]. 

Asperuloside Dibromomethoxide.—A solution of asperuloside (100 mg.) in methanol (6 c.c.) 
was treated with bromine (300 mg.), warmed at 50° for 15 min., cooled, and poured into ether 
(50 c.c.). The green gum so obtained solidified on trituration with ligroin and, after repeated 
crystallisation from 15% methanol, gave the dibromo-methoxide as colourless, rectangular plates, 
m. p. 178° (decomp.), [«]}? —23-6° (1,1; c, 0-55in EtOH (Found, in material dried at room temp. : 
C, 37-8, 37-4, 38-0; H, 4-7, 4-5, 4-6; Br, 25-4, 25-2; OMe, 9-2. C, 9H,,0,,Br, requires C, 37-8; 
H, 4:5; Br, 25-1; 20Me, 9-7%). The infra-red spectrum exhibited peaks at 3497w, 3300m, 
1773m, 1745s, 1704s, 1508w, 1337w, 1277m, 1217m, 1189m, 1083s, 1063s, 1026s, 1002s, 966s, 
924w, 903w, 856m, 810w, 775w, and 728w cm.-}, 

Acetylation (pyridine-acetic anhydride, 100°, 4 hr.) afforded the tetva-acetyl derivative, 
colourless, hexagonal plates (from alcohol), m. p. 152-5—153° (Found, in material dried at room 
temp.: C, 41-9; H, 4:4; Br, 19-8; OMe, 6-4; Ac, 34-5, 32-2. C,,H;,0,,Br, requires C, 41-8; 
H, 4:5; Br, 19-9; 20Me, 7-7; 5Ac, 26-7%). 

Tetra-acetylasperuloside Monobromoacetoxylate.—Bromine (750 mg.) in glacial acetic acid 


‘ 
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(2-5 c.c.) was added dropwise to tetra-acetylasperuloside (100 mg.) in the same solvent (1 c.c.). 
After 1 hr. at room temp. the solution was heated at 100° for 15 min., cooled, and stirred into 
ice-water (50 c.c.). The precipitated derivative crystallised from alcohol in colourless plates, 
m. p. 183-5—184° (Found, in material dried at 100°: C, 46-8; H, 4-8; Br, 11-0; Ac, 36-6. 
C,,H,,0,,Br requires C, 46-6; H, 4:6; Br, 11-1; 6Ac, 35-8%). Bands in the infra-red spectrum 
appeared at 1776s, 1745s, 1706w, 1647w, 1368m, 1340w, 1319w, 1240m, 1229s, 1202s, 1163w, 
1143w, 1105m, 1049s, 1014m, 981s, 933m, 906m, 867m, 809w, and 779w cm."}. 

Tetra-acetylasperuloside Bromomethoxide.—A solution of tetra-acetylasperuloside (200 mg.) 
and bromine (150 mg.) in methanol (5 c.c.) and pyridine (1 c.c.) was set aside overnight and then 
evaporated in vacuo at 100°. Crystallisation of the gummy residue from 85% alcohol afforded 
silky needles of the product, m. p. 154-5—155° (decomp.) (Found, in material dried at 100°: C, 46-6; 
H, 4-7; Br, 11-6; OMe, 4:7. C,,H;,;0,,Br requires C, 46-8; H, 4-8; Br, 11-5; 1OMe, 4-5%). 
Bands in the infra-red spectrum appeared at 1773s, 1751s, 1715m, 1647w, 1486m, 145lw, 1374w, 
1342w, 1319m, 1309m, 1258s, 1227s, 1215s, 1152m, 1136w, 1099m, 1079m, 1068m, 1044s, 1009m, 
971s, 948m, 927m, 910w, 883w, 862w, and 800w cm."}. 

Tetra-acetylbromodihydromethoxyasperuloside Bromoacetoxylate-—A solution of the foregoing 
compound (50 mg.) in glacial acetic acid (1 c.c.) was treated with bromine in the same solvent 
until decolorisation ceased. The product obtained by pouring the mixture into water crystallised 
from 90% alcohol in large prisms, m. p. 190-5—191° (Found, in material dried at 100°: C, 41-9; 
H, 4-7; Br, 19-1; Ac, 34:9. C,,H,,0,,Br, requires C, 41-8; H, 4-4; Br, 19-2; 6Ac, 31-1%). 

Hydrogenation of Asperuloside.—Asperuloside (1 g.) in alcohol (120 c.c.) was hydrogenated 
with a palladium-charcoal catalyst at 45 lb. and room temp. for 14 hr. After filtration, the 
solution was distilled in vacuo. The acid distillate required 20-4 c.c. of 0-1N-sodium hydroxide 
for neutralisation (0-89 equiv.), and from the neutralised solution the S-benzylthiuronium salt 
was prepared (m. p. and mixed m. p. with S-benzylthiuronium acetate, 137°). The gummy 
residue from the distillation solidified on trituration with light petroleum (b. p. 40—60°). 
After being washed with alcohol—benzene (2: 3) it crystallised from 90% alcohol in clusters of 
rectangular plates, m. p. 152° (23 mg.) (Found, in material dried at room temp.: C, 36-9, 36-7; H, 
7:2, 7-0. Calc. for CgH,,0,,H,O: C, 36-4; H, 7-1%). The material was proved to be glucose 
by paper chromatography (control, glucose), with butanol—pyridine—water (3: 1: 1) (cf. Hough, 
Jones, and Wadman, J., 1950, 1702). The spots were developed for 30 hr. and sprayed with 
aniline hydrogen phthalate (Partridge, Nature, 1949, 164, 443). 

In a similar experiment, the gummy residue from the distillation was acetylated with acetic 
anhydride in pyridine at 100° for 4 hr. and poured into water. The oil so obtained was 
decolorised with charcoal in alcohol and again poured into water. The colourless gum solidified 
on trituration with hot 20% alcohol, from which repeated crystallisation from 60% alcohol 
yielded the acid A as needles, m. p. 173—173-5°, undepressed on admixture with hydrogenated 
tetra-acetylasperuloside (see below) (Found, in material dried at 100°: C, 54-8; H, 5-9; Ac, 39-8. 
C,,H;,0,, requires C, 54-6; H, 6-1; 4Ac, 32-4%). 

Hydrogenation of Tetra-acetylasperuloside.—Tetra-acetylasperuloside (1 g.) in alcohol (150 
c.c.) was hydrogenated with a palladium-—charcoal catalyst (100 mg.) or, better, with platinum 
oxide (100 mg.) at 45 lb. and room temp. for 24 hr. After filtration, the solution was distilled 
in vacuo, yielding a distillate containing 0-84 equiv. of acetic acid. Most of the clear gum 
remaining after distillation dissolved in sodium hydrogen carbonate solution and yielded a pasty 
solid on acidification. Repeated crystallisation from 55% methanol afforded colourless, silky 
needles of 8-(4-methyl-3-oxocyclohexylidene) -B-tetra-O-acetylglucopyranosyloxypropionic acid (com- 
pound A) (43%), m. p. 185—185-5°, [«}!? —84-1° (/, 1; c, 1-2in EtOH) (Found, in material dried 
at 100°: C, 54:7; H,6-1; Ac, 32-6, 33-7. C,,H,.0,, requires C, 54-6; H, 6-1; 4Ac, 32-4%). 
The equiv. weight (521, 516) was determined by microtitration to phenol-red of solutions in 
50% alcohol with standard alkali (calc. : equiv., 528). Bands in the infra-red spectrum 
appeared at 3226m, 1757s, 1715s, 1706s, 1645m, 1441w, 1366m, 1285s, 1241s, 1217s, 1183s, 
1164m, 1119m, 1100m, 1081m, 1062s, 1035s, 966s, 923m, 902m, 855m, 809w, 755w, and 729w 
cma.*?, 

The methyl ester of this acid was prepared by diazomethane in ether—-methanol. The 
product, after trituration with sodium hydrogen carbonate solution, crystallised from 65% 
methanol in silky needles, m. p. 109:5—110° (83%) (Found, in material dried at 100°: C, 55-5; 
H, 6-4; OMe, 5:7; Ac, 33-4. C,;H,,0,, requires C, 55-4; H, 6:3; lOMe, 5-7; 4Ac, 31-7%). 
Bands in the infra-red spectrum appeared at 1767s, 1715s, 1706s, 1642m, 1453w, 1374w, 1285m, 
1232m, 1220m, 1185s, 1164w, 1119w, 1096w, 1080w, 1043m, 1017w, 971m, 956m, 919m, 904s, 


860m, 790m, 768m, and 725w cm.7}. 
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Hydrolysis of Compound A.—The acid (183-2 mg.) was heated with 2n-hydrochloric acid at 
100°. Evolved carbon dioxide was removed in nitrogen and absorbed in barium hydroxide 
solution. Excess of barium hydroxide was titrated with standard hydrochloric acid to phenol- 
phthalein, and then the barium carbonate to methyl-orange (Found : CO,, 0-87 mol.). 

Decarboxylation of Compound A.—When the acid (150 mg.) was heated in quinoline (2 c.c.) 
with copper carbonate (ca. 1 mg.) gas was evolved at 190—205°. After 2 hr. at this temperature, 
the mixture was heated with acetic anhydride (1 c.c.) for 2 hr. at 100°, cooled and poured into 
2n-hydrochloric acid (100 c.c.). The precipitated tar was washed with dilute acid and water, 
decolorised with charcoalin alcohol, and crystallised from 50% methanol, to yield long, rectangular 
plates of 2-methyl-5-1’-tetra-O-acetylglucopyranosyloxoethylcyclohexanone, m. p. 167—167-5° (78%) 
(Found, in material dried at 100°: C, 55-0, 55-1; H, 6-5, 6-8; Ac, 30-7, 33-0. C,3H3,0,,,H,O 
requires C, 55-0; H, 6-8; 4Ac, 34-2%). The material, dried at 100°, still gave a positive test 
with the Karl Fischer reagent. An examination of a restricted portion of the infra-red spectrum 
revealed peaks at 1770s, 1715s, 1650m, 1441w, and 1377w cm.71. 

Hydrolysis of the acid A or its decarboxylated product with boiling 2N-hydrochloric acid 
afforded a water-soluble ketone, isolated as its bis-2 : 4-dinitrophenylhydvazone which crystallised 
from ethyl] acetate or nitrobenzene in clusters of orange-red needles, m. p. 224-5—225° (Found, in 
material dried at 100°: C, 49-1; H, 4-1; N, 20-5, 21-0. C,,H,.O,N, requires C, 49-0; H, 4:3; 
N, 21-8%). An aqueous solution of the diketone, obtained by hydrolysis of the 2 : 4-dinitro- 
phenylhydrazone with 2Nn-hydrochloric acid followed by steam-distillation, gave a positive 
iodoform test (m. p. and mixed m. p. 118°). 

5-A cetyl-2-methylcyclohexanone.—Dihydrocarvone was prepared from carvone (10 g.) 
according to Wallach and Schrader (Annalen, 1894, 277, 377) by heating it under reflux with 
zinc dust (25 g.) and potassium hydroxide (14 g.) in aqueous alcohol (175 c.c.; 1: 2) for 5 hr. 
Most of the alcohol was distilled off on a water-bath and the residue saturated with salt and 
distilled in steam. The distillate (1 1.) was extracted with ether (3 x 150 c.c.), the ethereal 
solution dried, and the solvent removed. The crude material was purified via the bisulphite 
compound from which dihydrocarvone (6-5 g.) was liberated by treatment with 2N-sodium 
hydroxide. The oxime, prepared in alcoholic pyridine at 100° for 3 hr., crystallised from 40% 
alcohol in needles, m. p. 88—89° (cf. Wallach and Schrader, loc. cit.). 

Dihydrocarvone (5 g.) was ozonised in the usual way in ethyl acetate, and the ozonide de- 
composed by hydrogenation with a palladium-charcoalcatalyst. The oil recovered was fraction- 
ated under reduced pressure, yielding fractions, (a) b. p. 25—120°/4 mm. (1-6 g.) and (0) b. p. 
120—128°/4 mm. (1-3 g.). Fraction (b) gave a semicarbazone, needles (from 60% alcohol), m. p. 
207—208° (84%), and an oxime, prisms (from alcohol), m. p. 195—196° (72%). Fraction (a) 
contained the same diketone, giving the same semicarbazone (48%). Wallach and Schrader 
(loc. cit.) record m. p.s 203—204° and 195° for these derivatives. 

The bis-2 : 4-dinitrophenylhydrazone from fraction (b) crystallised from ethyl acetate or 
nitrobenzene in clusters of orange needles, m. p. 241-5—242° (72%). The infra-red spectra of 
this and the corresponding compound from the degradation of asperuloside are recorded below. 
The bands were practically identical, discrepancies in the asperuloside derivative being recorded 
in parentheses: 724-6w (725-0), 738-5w (740-2), 761-2w (760-1), 835-8m, 856w (—), 920-0m, 
946-lw, 971-8w, 1047w (1046), 1074w (1703), 1139s, 1220m, 1272s, 1312s, 1333s, 1374w, 1401w, 
1420w, 1437w, 1462w, 1475w, 1511lm, 1592w, 1656m, 1689w, 1748w, 1786w, 1812w, and 1845w 
cm... 

Oxidation of Compound A.—Potassium permanganate solution (2%) was added to the above 
acid (709 mg.) in 2N-sodium hydroxide (200 c.c.) until a pink colour remained after $ hr. The 
precipitated manganese dioxide was dissolved by passage of sulphur dioxide, and the solution 
evaporated to dryness. Concentrated nitric acid was then added and the solution again 
evaporated to dryness. The residue was exhaustively extracted with benzene, and the acids 
so recovered were sublimed in vacuo. The fraction subliming at 190—210°/12 mm. crystallised 
from benzene (yield, 24 mg.) and finally yielded prisms, m. p. 78—79° (Found, in material dried 
at room temp.: C, 49-3; H, 7-1. Calc. forC,H,,0,: C, 49-3; H,6-9%). The equivalent weight 
(78) was found by titration in aqueous alcoholic solution to phenol-red (calc., 73). Rupe, 
Schobel, and Abegg (Ber., 1912, 45, 1533) record m. p. 79° for «-methylglutaric acid. 

Polymer from Toluquinhydrone.—Toluquinone (Clark, Amer. Chem. J., 1892, 14, 565) was 
converted into toluquinol by zinc dust and dilute hydrochloric acid. Toluquinhydrone, obtained 
by mixing equimolecular quantities of toluquinol and toluquinone, was polymerised by boiling 
2n-hydrochloric acid for several hours and also by dissolving it in 2N-sodium hydroxide, warming, 
and acidifying, the products being apparently identical. The polymer and that from asperulo- 
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side exhibited identical peaks in the infra-red at 3470s, 1709m, 1639m, 1603m, 1466s, 1374s, 
1333w, 1277w, 1215w, 1171w, 1122w, 1120w, 1093m, 1048w, 978w, and 723w cm.*?. 

Infra-red Spectrum of Aucubin.—We are greatly indebted to Professor P. Karrer, Ziirich, 
for a sample of aucubin, whose infra-red spectrum was measured at an early stage of this investig- 
ation when the possibility of asperuloside’s being a furan derivative was considered. Bands 
appeared at 3356s, 1362s, 1348m, 1292w, 1258w, 1238m, 1157m, 1131m, 1109w, 1088s, 1052s, 
1026s, 1008s, 965m, 915w, 866w, 850m, 808w, 775w, and 755m cm."}. 


The authors are indebted to the Chemical Society, the Rockefeller Foundation of New York, 
the Australian and New Zealand Association for the Advancement of Science, the Royal Society 
of New Zealand, and the Research Grants Committee of the University of New Zealand for grants, 
and to Messrs. Rohm and Haas Company, Philadelphia, for the gift of chemicals; assistance is 
gratefully acknowledged from Dr. B. Cleverley and Mr. J. K. Wilmshurst in the measurement 
and interpretation of the infra-red spectra; one of the authors (B. F. C.) expresses gratitude for a 
Research Fellowship of the University of New Zealand. The kindness of Dr. A. R. Trim, in 
sending information on asperuloside before publication, is greatly appreciated. 
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Thiophen Derivatives of Biological Interest. Part VIII.* 
2-Arylthiophens, 2: 4-Diarylthiophens, and 2: 4-Diarylselenophens. 
By PIERRE DEMERSEMAN, NG. Pu. Buu-Hoi, and RENE Royer. 
[Reprint Order No. 5341.] 


The behaviour of 2-arylthiophens, 2 : 4-diarylthiophens, and 2: 4-diaryl- 
selenophens in formylation and Friedel-Crafts acylations, and their stability 
towards metal chlorides, have been investigated. 


ARYLTHIOPHENS Offer the possibility of comparing the reactivities of thiophen and benzene 
nuclei in the same molecule. 2-Phenylthiophen undergoes nitration, mercuration, halo- 
genation (Chrzaszczewska, Roczn. Chem., 1925, 5, 1, 33; Buu-Hoi and Hoan, Rec. Trav. 
chim., 1950, 69, 1455), and Friedel-Crafts acylation (Steinkopf and Petersdorff, Annalen, 
1940, 543, 119; Buu-Hoi and Hoan, Joc. cit.) in the 5-position; 2-p-tolyl- and 2-p-chloro- 
phenyl-thiophen behaved in the same way. It has now been found that 2-phenylthiophen 
with N-methylformanilide and phosphorus oxychloride gives 5-phenyl-2-thenaldehyde 
(I; R =H), which was orientated by Kishner—Wolff reduction to 2-methyl-5-phenyl- 
thiophen (Paal, Ber., 1885, 18, 367). 2-m-Chlorophenyl- and 2-m-tolyl-thiophen gave the 
aldehydes (I; R = Cl and Me) similarly. Acetylation of 2-m-chlorophenylthiophen in 
the presence of stannic chloride yielded 2-acetyl-5-m-chlorophenylthiophen, from which 
2-m-chlorophenyl-5-ethylthiophen was obtained in the usual way. 


m-R-C,H, coo ph IMe 
ONG \s7" 
(1) (II) 

2-Methyl-5-phenylthiophen resisted formylation and stannic chloride-catalysed benzoyl- 
ation, but in the presence of aluminium chloride gave 3-benzoyl-2-methyl-5-phenylthiophen 
(II), the constitution of which followed from its conversion by an Elbs reaction into 
5-phenylnaphtho(2’ : 3’-2: 3)thiophen (III). Deactivation at the $-position by conjugation 
of the phenyl group was found also in other studies: 2: 4-diphenyl- and 2 : 4-di-p-tolyl- 
thiophen with N-methylformanilide gave 3 : 5-diphenyl- and 3 : 5-di-p-tolyl-2-thenaldehyde, 
but 2-methyl-3 : 5-diphenyl- and -3 : 5-di-p-tolyl-thiophen, obtained by reduction of these 
aldehydes, resisted formylation and stannic chloride-catalysed acylation. It is known, 


* Part VII, J., 1954, 2720. 
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moreover, that 2: 4: 5-trimethylthiophen gives the aldehyde on reaction with N-methyl- 
formanilide (King and Nord, J. Org. Chem., 1949, 14, 638). 

Several 2 : 4-diarylselenophens have been prepared. Their reactivities approximated 
to those of the corresponding thiophens; yields were lower in Friedel-Crafts acylation 
when stannic chloride was used as catalyst, but were higher with aluminium chloride. This 
was due to the greater stability of 2 : 4-diarylselenophens towards Lewis acids, as shown 
by the relative amounts of decomposition of 2: 4-diphenylthiophen and 2 : 4-diphenyl- 
selenophen by several metal chlorides in various solvents. In the Table are listed ketones 
from 2: 4-diaryl-thiophens and -selenophens, and the 2-alkyl-3 : 5-diaryl-thiophens and 
-selenophens derived from them by reduction. 

Conjugation between benzene and thiophen nuclei is demonstrated by the bright yellow 
colour of «-phenyl-8-(5-m-tolyl-2-thienyl)- and -$-(5-m-chlorophenyl-2-thienyl)-acrylo- 
nitrile (IV; R = Me and Cl) (prepared from phenylacetonitrile and the appropriate 
arylthenaldehyde), of §-(3: 5-diphenyl-2-thienyl)- and §-(3 : 5-di-p-tolyl-2-thienyl)-«- 
phenylacrylonitrile (V; X =S, R = H and Me) (prepared from the corresponding diaryl- 
thenaldehydes), and of chalkones obtained by condensation of the same aldehydes with 
ketones COArMe. The bathochromic effect on passage from the niin to the selenophen 


: 7>—,-C,H,R- 
IV) 7, “LIC D + ~ | “P . 
( m-R-CgH | )-CHiCI h-CN prc) cphncn  (V) 


series (cf. Demerseman, Buu-Hoi, Royer, and Cheutin, /., 1954, 2720) was again evident 
in the deep yellow-to-orange colour of «-phenyl-f-(3 : 5-diphenyl-2-selenopheny]l)acrylo- 
nitrile (_V; X = Se, R = H) and similar selenophen derivatives. 


EXPERIMENTAL 
5-Phenyl-2-thenaldehyde (I; IR = H).—2-Phenylthiophen (16 g.), N-methylformanilide (19 
g.), and phosphorus oxychloride (22-5 g.) were heated in toluene (100 c.c.) at 100° for 5 hr.; 
after decomposition with aqueous sodium acetate, and steam-distillation, the residue was taken 


~~ 
xo 


Found (%,) Reqd. 

Thiophen op. Formula Cc C 
2-Acetyl-3 : 5-di-p-tolyl- 5 Croft 1808 78-3 
2-Propionyl1-3 : 5-di-p-tolyl- ..............006 5 C.,H_,O0S 78-5 
2-Methyl-3 : 5-diphenyl-*  ..........0000+++ 2 Cy7HyS 81-5 
2-Methyl-3 : 5-di-p-tolyl- 5 Cc eHieS 81-6 
2-Hethyi-S :. G-dIPRANY ls 60006005 sesscecseysenes CygH 65 81-5 
3 : 5-Diphenyl-2-n- propyl- f = 19H 49 82-1 
2-Ethyl-3 : 5-di-p-tolyl- — ........sscccsecesces i Cyp9H 9S 82-0 
2-n-Propyl-3 : 5-di-p-tolyl- .............0000- C.,Ho2S 82-4 


Selenophen 
tered SBA... din daxesic Cy,H ,gOSe 67:6 
-Acetyl-3 : 5-di-p-tolyl-. .......c0e0.reseeeeee CoH ,gOSe 67-6 
2 2-Propionyl- 3: 5-di-p- ae l-. sarees 22 cutis OSe 68-8 
2-Acetyl-3 : 5-di-p- methoxyphenyl- 7 Cy,H,,0,Se 62-0 
2 MethyL3 : BOMINUEM cacvenstecscenceens C,,H,,4Se 68-3 
2-Methyl-3 : 5-di-p-tolyl- .................000. C1 9H 1,Se 69-8 
3-Ethyl-3 : 5-diphenyl- C,,3H,9e 69-2 
2-Ethyl-3 : 5-di-p-tolyl- 0.2... ...... cee ceoeee CypFggoe 70-5 
2-n-Propyl-3 : 5-di-p-tolyl- eSaeuessahaawes ‘ Cy,Ha2Se 71-0 
All compounds were purified by distillation in a high vacuum and recrystallised from ethanol as 
colourless prisms. The halochromy in sulphuric acid was yellow (thiophen ketones and 2-alkyl-3 : 
diarylthiophens), orange-yellow (selenophen ketones) and orange (5-alkyl-2: i die vlecedoghens). 
Yields in Friedel-Crafts acylations of 2: 4-diarylselenophens (72—82%) were slightly higher with 
aluminium chloride than by the stannic chloride method (65—79%). 
* This compound could not be formylated or acylated in the presence of stannic chloride; its 
selenophen analogue showed the same inertia. 
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up in benzene, dried (Na,SO,), and purified by vacuum-distillation. The aldehyde (15 g., 80%) 
had b. p. 200— we mm., and formed colourless needles, m. p. 92°, from ethanol (Found : 
C, 69-9; H, 4-4. C,,H,OS requires C, 70-2; H, 4:3%); its semicarbazone formed pale yellow 
needles, decomp. >215°, m. p. ca. 257°, from ethanol (Found: N, 17-2. C,,.H,,ON,S requires 
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N, 17-1%), its thiosemicarbazone, yellow prisms, decomp. >190°, m. p. ca. 209°, from ethanol 
(Found: C, 54:9; H, 4:2. C,.H,,N,S, requires C, 55-2; H, 4:2%), and its 2: 4-dinitrophenyl- 
hydvazone crimson needles, m. p. 288°, from acetic acid (Found: N, 15-0. C,,;H,,0,N,S requires 
N, 15-2%). 

2-Methyl-5-phenylthiophen.—The foregoing aldehyde (6 g.) was heated with 85% hydrazine 
hydrate (2-4 g.) in diethylene glycol (20 c.c.) for a few minutes at 100°; after cooling, potassium 
nydroxide (2-7 g.) was added, and the mixture heated with removal of water up to 190—200°, 
then refluxed for 2 hr. Dilute hydrochloric acid was added after cooling, and the product taken 
up in benzene and vacuum-distilled. It crystallised as colourless needles (4-8 g.), m. p. 51°, from 
ethanol; Paal (loc. cit.) gave m. p. 49—51°. 

3-Benzoyl-2-methyl-5-phenylthiophen (11).—To an ice-cooled solution of 2-methyl-5-phenyl- 
thiophen (8-7 g.) and benzoyl chloride (7-7 g.) in carbon disulphide, aluminium chloride (7-4 g.) 
was added portionwise with stirring; the mixture was kept at room temperature for 1} hr., then 
decomposed with dilute hydrochloric acid, the organic layer washed with aqueous sodium 
hydroxide and dried (Na,SO,), the solvent removed, and the residue fractionated in a vacuum. 
The ketone formed colourless leaflets (9-5 g.), m. p. 129°, from ethanol (Found: C, 77-3; H, 5-1. 
C,,H,,OS requires C, 77-6; H, 5-0%). No ketone was obtained by the stannic chloride pro- 
cedure, whereas 2-benzoyl-5-phenylthiophen (3 g.), m. p. 131°, from ethanol, was readily pre- 
pared from 2-phenylthiophen (4 g.), benzoyl chloride (4 g.), and stannic chloride (7-2 g.) in 
carbon disulphide. 

5-Phenylnaphtho(2’ : 3’-2 : 3)thiophen (II1).—3-Benzoyl-2-methyl-5-phenylthiophen (8 g.) was 
gently refluxed for 3 hr., and the product was vacuum-distilled and recrystallised from benzene ; 
it formed colourless, sublimable leaflets (3 g.), m. p. 297° (Found: C, 82-8; H, 4-6. C,,H,.S 
requires C, 83-0; H, 4-6%). 

2-m-Chlorvophenylthiophen.—This was prepared by the Gomberg-Bachmann method (J. 
Amer. Chem. Soc., 1924, 46, 2339) : 5N-sodium hydroxide (232 c.c.) was added dropwise to a well- 
stirred mixture of thiophen (250 c.c.) and a diazonium solution from m-chloroaniline (127-5 g. in 
80 c.c. of water), hydrochloric acid (200 c.c.), and sodium nitrite (72 g. in 140 c.c. of water) ; 
the product (13 g.), purified by steam-distillation and vacuum-fractionation, formed colourless 
leaflets, m. p. 30°, b. p. 154—156°/15 mm., from ethanol (Found: C, 61-5; H, 3-8. C,)H,SCl 
requires C, 61-7; H, 3-6%). 

5-m-Chlovophenyl-2-thenaldehyde (I; R = Cl).—Prepared in 70% yield from the foregoing 
compound (5 g.), N-methylformanilide (5-3 g.), and phosphorus oxychloride (6 g.) in toluene, this 
aldehyde formed colourless needles, m. p. 91°, b. p. 215—218°/14 mm., from ethanol (Found : 
C, 59-6; H, 3-1. C,,H,OSCl requires C, 59-3; H, 3-1%) and gave a thiosemicarbazone, yellowish 
needles, m. p. 186°, from ethanol and 2 : 4-dinitrophenyihydrazone, dark red needles, m. p. 276°, 
from acetic acid (Found: N, 13-6. C,,H,,0,N,SCl requires N, 13-9%). 

8-(5-m-Chlorophenyl-2-thienyl)-a-phenylacrylonitrile (IV; R=Cl).—To a warm ethanol 
solution of equimolecular amounts of the foregoing aldehyde and phenylacetonitrile, a few drops 
of concentrated aqueous sodium hydroxide were added; the precipitated nitrile crystallised as 
yellow needles, m. p. 161°, from ethanol (Found: C, 70-8; H, 3-9. C,,H,,NSCI requires C, 
70-9; H, 3-7%). 

5-m-Chlorophenyl-2-methylthiophen.—Obtained in 81% yield from the foregoing aldehyde 
(2-2 g.), hydrazine hydrate (1 g.), and potassium hydroxide (1 g.) in diethylene glycol, this 
compound had b. p. 170—174°/14 mm., n?* 1-6465 (Found : C, 63-3; H, 4-0. C,,H,SCl requires 
C, 63-3; H, 4:3%). 

2-A cetyl-5-m-chlorophenylthiophen.—To an ice-cooled solution of 2-m-chlorophenylthiophen 
(4-5 g.) and acetyl chloride (2 g.) in carbon disulphide, stannic chloride (7 g.) was added portion- 
wise; the mixture was kept at room temperature for 12 hr., then decomposed with dilute hydro- 
chloric acid, the organic layer was washed with water and dried (Na,SO,), the solvent removed, 
and the residue vacuum-distilled. The ketone (4-3 g.), b. p. 217—220°/13 mm., formed colourless 
leaflets, m. p. 99°, from ethanol (Found: C, 60-6; H, 3-6. C,,.H,OSCI requires C, 60-8; H, 
38%) and a 2: 4-dinitrophenylhydrazone, dark red prisms, m. p. 228°, from acetic acid (Found : 
N, 13-0. C,gH,,;0,N,SCl requires N, 13-4%), and thiosemicarbazone, almost colourless needles, 
m. p. 190°, from ethanol. The chalkone obtained from this ketone and 5-m-chlorophenyl-2- 
thenaldehyde formed golden-yellow prisms, m. p. 213°, from ethanol (Found: C, 62-1; H, 3-2. 
C,3,H,,0S,Cl, requires C, 62-5; H, 3-:1%). 

The following were also prepared : 

2-m-Chlorophenyl-5-ethylthiophen (77% yield), b. p. 178°/14 mm., n?? 1-6261 (Found: C, 


64-5; H, 5-1. C,,H,,SCl requires C, 64:7; H, 4-9. 
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2-m-Tolylthiophen [poor yield (6 g.) in the diazo-reaction of m-toluidine (107 g.) and thiophen 
(168 g.)], b. p. 1483—145°/12 mm., n? 1-6249 (Found: C, 75-5; H, 5-9. C,,H 4, S requires C, 
75-8; H, 5:7%). 

5-m-Tolyl-2-thenaldehyde (I; R = Me) [4-5 g. from 2-m-tolylthiophen (5 g.), N-methy]l- 
formanilide (5-7 g.), and phosphorus: oxychloride (6-5 g.)], colourless prisms, m. p. 48°, b. p. 
196—198°/12 mm., from ethanol (Found: C, 71-4; H, 5-0. C,,H,,OS requires C, 71-3; H, 
5:0%); thiosemicarbazone, yellowish prisms, m. p. 190—191°, from ethanol (Found: C, 56-4; 
H, 4:8. C,,;H,,N;S, requires C, 56-7; H, 4:7%). 

a-Phenyl-B-(5-m-tolyl-2-thienyl)acrylonitrile (IV; R = Me), yellow prisms, m. p. 139°, from 
ethanol (Found : C, 79-5; H, 5:3. C,9H,;NS requires C, 79-7; H, 5-0%). 

2-Methyl-5-m-tolylthiophen, b. p. 153°/13 mm., n?? 1-6240 (Found : C, 76-3; H, 6-3. C,,H,,S 
requires C, 76-5; H, 6-4%). 

2: 4-Diphenyl-5-thenaldehyde [from 2: 4-diphenylthiophen (23-5 g.), N-methylformanilide 
(19 g.; or dimethylformamide), and phosphorus oxychloride (22-5 g.) in hot dry toluene (100 
c.c.) (5 hr.)]; 2: 4-dinitrophenylhydrazone, crimson needles, m. p. 269°, from acetic acid (Found : 
N, 12-5. C,3H,,0,N,S requires N, 12-6%); 4-oxv0-A?-thiazolin-2-ylhydrazone, yellow needles, 
m. p. 272°, from acetic acid (Found: N, 11-3. C,9H,,ON,S, requires N, 11-1%). 

B-(2 : 4-Diphenyl-5-thienyl)-a-phenylacrylonitrile, lemon-yellow needles, m. p. 178°, from 
ethanol (Found: C, 82-3; H, 4:5. C,,H,,NS requires C, 82-6; H, 4-7%). 

3 : 5-Di-p-tolyl-2-thenaldehyde [from 2: 4-di-p-tolylthiophen (5 g.), N-methylformanilide 
(4 g.), and phosphorus oxychloride (4-6 g.) in toluene (30 c.c.); 82% yield], yellowish leaflets, 
m. p. 165°, from ethanol (Found: C, 78-3; H, 5-7. C,,H,,OS requires C, 78-1; H, 5-5%); 
semicarbazone, yellow prisms (from ethanol), decomp. >242° (Found: N, 11-7. Cy9H,,ON,S 
requires N, 120%); thiosemicarbazone, yellow prisms, decomp. >196°; the acrylonitrile with 
phenylacetonitrile formed yellow needles from ethanol. 

2-Formyl-3 : 5-diphenylselenophen [83-5% yield from 2: 4-diphenylselenophen (28 g.), N- 
methylformanilide (19 g.), and phosphorus oxychloride (22-5 g.) in toluene (100 c.c.)]; 4-ox0- 
A?-thiazolin-2-ylhydrazone, yellow needles, m. p. 275°, from acetic acid (Found: N, 9-6. 
Cy5H,;ON,SSe requires N, 9-9%); 8-(3 : 5-diphenyl-2-selenophenyl)-a-phenylacrylonitrile, deep 
yellow prisms, m. p. 171°, from ethanol (Found: C, 71-0; H, 4:4. C,;H,,NSe requires C, 71-2; 
H, 4-1%). 

2-Formyl-3 : 5-di-p-tolylselenophen [4-5 g. from 2: 4-di-p-tolylselenophen (5 g.)], yellowish 
prisms, m. p. 121° (from methanol), giving a brown-red colour in sulphuric acid (Found: C, 
67:2; H, 4:7. CygH,,O0Se requires C, 67-0; H, 4:9%); semicarbazone, yellow prisms (from 
ethanol), decomp. >230°, m. p. 249° (Found: N, 10-3. C, 9H,,ON,Se requires N, 10-6%) ; 
thiosemicarbazone, yellow prisms, m. p. 192°, from ethanol (Found: N, 10-5. C, 9H N;SSe 
requires N, 10-2%); 2: 4-dinitrophenylhydrazone, crimson needles, m. p. 288°, from acetic 
acid; deep yellow condensation product with phenylacetonitrile. 

2-Formyl-3 : 5-di-p-methoxyphenylselenophen [4-5 g. from 2 : 4-di-pb-methoxyphenylselenophen 
(6 g.)], pale yellow needles, m. p. 131°, from ethanol, giving dark red halochromy in sulphuric 
acid (Found: C, 61:3; H, 4:4. C,)H,,0,Se requires C, 61-4; H, 4:3%); thiosemicarbazone, 
orange-yellow prisms (from ethanol), decomp. >210°, m. p. 244° (Found: N, 9-4. Cy 9H ,,0,N;SSe 
requires N, 9:5%); 4-oxv0-A?-thiazolin-2-ylhydvazone, yellow needles (from acetic acid), m. p. 
266° (Found: N, 8-4. C,,H,,0,N,SSe requires N, 8-6%); 2: 4-dinitrophenylhydrazone, red 
needles, m. p. 231°, from acetic acid; orange-yellow condensation product with phenylaceto- 
nitrile. 

2-8-(3 : 5-Diphenyl-2-thienyl)acryloyl-3 : 5-diphenylthiophen.—A solution in warm ethanol of 
equimolecular amounts of 3: 5-diphenyl-2-thenaldehyde and 2-acetyl-3 : 5-diphenylthiophen 
was shaken with a few drops of a 20% aqueous sodium hydroxide; the precipitated ketone 
crystallised as yellow needles, m. p. 182°, from ethanol (Found: C, 80-0; H, 4:7. C3;,;H,,OS, 
requires C, 80-1; H, 4-5%). 

2: 4-Di-(p-hydroxyphenyl) selenophen.—2 : 4-Di-p-methoxyphenylselenophen (3 g.) and re- 
distilled pyridine hydrochloride (10 g.) were refluxed for 20 min.; the precipitate obtained on 
addition of water (2 g.) was purified by dissolution in aqueous sodium hydroxide and reprecipit- 
ation with hydrochloric acid. Repeated crystallisation from acetic acid gave the product as 
colourless prisms, m. p. 218° (Found : C, 60-5; H, 3-6. C,,H,,0,Se requires C, 60-9; H, 3-8%). 

Stability of 2: 4-Diarylthiophens and 2: 4-Diarylselenophens towards Metal Chlorides.—2 : 4- 
Diphenyl-thiophen and -selenophen (0-01 mol.) were severally kept for 45 min. in contact with 
aluminium or stannic chloride (0-012 mol.) in dry carbon disulphide or benzene (50 c.c.). After 
treatment with ice and hydrochloric acid, the organic layer was washed with water and dried 


[1954] Branched-chain Hydrocarbons. Part V. 4197 


(Na,SO,), and the unchanged substance isolated by distillation in a high vacuum. 2: 4-Di- 
phenylthiophen is scarcely affected by stannic chloride up to 25° but undergoes extensive 
decomposition by aluminium chloride even at room temperature; 2: 4-diphenylselenophen is 
stable towards aluminium chloride up to 25° but decomposes almost completely above 40°. 
2 : 4-Diphenyl-thiophen and -selenophen formed dark brown complexes with aluminium chloride ; 
the complex with stannic chloride was brown-yellow with the thiophen, and red with the 
selenophen. 2: 4-Diphenyl-thiophen and -selenophen are stable towards fused zinc chloride 
(in chloroform) and ferric chloride (in light petroleum) up to 60°. 
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The Synthesis and Reactions of Branched-chain Hydrocarbons. Part V.* 
Oxidation of 2: 2:4-T'rimethylpentane and of 2:2:4:6: 6-Penta- 
methylheptane by Chromic Oxide. 

By D. P. ARCHER and W. J. HiIcKINBOTTOM. 
[Reprint Order No. 5476.] 


The oxidation of 2:2: 4-trimethylpentane and of 2: 2:4: 6: 6-penta- 
methylheptane by chromic oxide in acetic anhydride has been studied. The 
results are discussed in relation to observations on the oxidation of iso- 
camphane and cyclohexane under similar conditions. 


THE description of the oxidation of 2 : 2 : 4-trimethylpentane by chromy]l chloride (Hobbs 
and Houston, J. Amer. Chem. Soc., 1954, 76, 1254) has prompted the publication of our 
results on the oxidation with chromic oxide in acetic anhydride. 

2:2:4-Trimethylpentane (I) in acetic anhydride with insufficient chromic oxide for 
complete oxidation gives acetone, trimethylacetic acid, and 4: 4-dimethylpentan-2-one 
(II) as the expected fission products. There is also formed some «-neopentylpropionic 
acid (III). Under similar conditions, 2:2:4:6:6-pentamethylheptane (IV) gives 
dineopentylacetic acid (V) as the only recognisable product. 


CMe,°CH,*CHMe-CO,H CMe,*CH,CHMe, CMe,°CH,CO-CH, 
(III) (1) (II) 
(CMe,°CH,),CHMe (CMe,°CH,),CHCO,H 
(IV) (V) 


It is significant that the products of the oxidation of these two paraffins in acetic 
anhydride are substantially the same as those from the oxidation of the corresponding 
olefins with chromic acid in aqueous sulphuric acid (Butleroff, Annalen, 1877, 189, 44; 
Whitmore et al., J. Amer. Chem. Soc., 1933, 55, 4211; 1941, 63, 2200; Byers and Hickin- 
bottom, J., 1948, 1334). This resemblance suggests a common intermediate. An obvious 
choice is a carbonium ion derived from the paraffin by abstraction of H~ by the oxidising 
agent, or from the olefin by addition of H* under the influence of acid. A serious objection 
to this view arises from an examination of the oxidation of tsocamphane. If a carbonium 
ion were formed during the oxidation, rearrangement should occur with the subsequent 
formation of camphor. It was found, however, that isocamphane, when oxidised in 
acetic anhydride by chromic oxide, gives camphenilanic acid and camphenilone with no 
detectable indications of camphor. 

From other work in this laboratory it seems probable that the oxidation of an olefin 
by chromic acid in aqueous sulphuric acid proceeds through a chromic acid complex 
which may undergo oxidative fission or be rearranged, if the conditions are favourable 
and the structure permits, to a carbonylic compound. The translation of these ideas to 
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the oxidation of paraffins in acetic anhydride by chromic oxide can be effected if it is 
assumed that the initial stage is the abstraction of hydrogen from two adjacent carbon 
atoms with the subsequent formation of a complex with chromic oxide. Provisional 
formulations for such a complex might be 

re 7 R,C—CH, 

(R,C*CH,yO)CrO, or [H,C-CR,-O)CrO, as 

O-CrO, 
On treatment with water oxidative fission to R,CO may occur with the reduction of Cr!¥ 
to Crul; alternatively, rearrangement may occur to CHR,*CHO with subsequent 
oxidation to CHR,*CO,H. 
These ideas were tested on cyclohexane, which should give two main products, cyclo- 

hexanone by rearrangement, and adipic acid as the final product of oxidative fission : 


a 3 vH, /COgH 
———_ (CHala | (CH, (CHe]q s 
Me J \CO,H 


One: 


Both the expected products were obtained and it was established by comparative 
qualitative measurements that cyclohexanone is oxidised more slowly than cyclohexane, 
and is therefore not the main source of adipic acid. 

Hobbs and Houston (loc. cit.) by a different line of reasoning have tentatively suggested 
a hypothesis to account for the oxidation of paraffins by chromyl chloride which in 
essentials is similar to the one we now propose. The products of the oxidation of 2 : 2 : 4- 
trimethylpentane by chromic oxide and chromy] chloride are so strikingly similar as to 
suggest that in both oxidations, the essentials of the mechanism are the same. Slack 
and Waters (/J., 1949, 594, 599) have come to a similar conclusion from the consideration 
of other evidence, and their views have provided a useful background for the development 
of the ideas now expressed. It is suggested as an addendum to our hypothesis that the 
chloro-ketones observed by Houston and Hobbs in the chromyl chloride oxidation arise 
from the addition of a chloride ion to the carbonium ion centre of the hydrocarbon residue 
on dilution with water. 

In arriving at our hypothesis, consideration has been given to other possible 
explanations. The abstraction of one hydrogen atom as the initial stage of oxidation to 
give a free radical is an attractive alternative hypothesis capable of explaining qualitatively 
the formation of an olefin as an intermediate and also the formation of fission products. 
But at no stage during this work was there any evidence of the formation of succinic acid, 
which might reasonably be expected to be formed if the free-radical hypothesis were 
valid. Furthermore, there was no evidence of the formation of free olefin in any of these 
oxidations such as would occur if a free radical were formed; a particularly favourable 
example for testing this is dineopentylethane which should give dineopentylethylene, an 
olefin which is comparatively resistant to oxidation. 

Fieser and Szmuskovicz’s suggestion (J. Amer. Chem. Soc., 1948, 70, 3355) that the 
oxidation of phenyleyclohexane goes by way of a tertiary alcohol cannot be applied to 
tsocamphane. The tertiary alcohols derived from isocamphane, viz., camphene hydrate 
and methylcamphenilol, are more resistant to oxidation than ssocamphane and they give 
camphenilone as the only product of oxidation; tsocamphane under similar conditions 
gives camphenilanic acid and camphenilone. By implication this objection must apply 
to the oxidation of all other hydrocarbons which yield tertiary alcohols relatively resistant 
to oxidation. 

The present hypothesis makes no provision for small amounts of the esters of alcohols 
which are formed when sec.-butylbenzene or cyclohexane is oxidised in acetic anhydride. 
It seems possible in this oxidation that two mechanisms may operate or, more probably 
if the hypothesis is a sound one, that the initial dehydrogenation is not of one stage but 
two, leading to the possibility of side reactions. 
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EXPERIMENTAL 


The hydrocarbons were refluxed over sodium and distilled before use; they had been freed 
from last traces of olefin by passage through silica gel. 

The general conditions for carrying out these oxidations consisted in adding a solution of 
chromic oxide in acetic anhydride to an excess of the hydrocarbon in acetic anhydride. The 
temperature of the mixture was kept at about 0°; efficient stirring was maintained throughout 
the oxidation and a slow stream of nitrogen was passed through the vessel to remove volatile 
products. Carbon dioxide was estimated from the weight of barium carbonate precipitated 
in a trap containing baryta solution; for volatile aldehydes a trap containing 2: 4-dinitro- 
phenylhydrazine was used. 

When the oxidation was complete, and this usually required 24 hr., the reaction mixture 
was diluted with water (3 vol.) and extracted with ether (B) after most of the anhydride had 
hydrolysed. The aqueous portion (A) after ether extraction was steam-distilled to remove 
volatile carbonyl compounds and carboxylic acids; the aqueous solution remaining after 
steam-distillation was extracted with ethyl acetate for the removal of succinic acid and other 
non-volatile acids. The ether extract B was freed from volatile carboxylic acids by washing 
with aqueous alkali, and then distilled to separate unchanged hydrocarbon from the neutral 
products of oxidation. 

(1) Oxidation of 2:2:4-Trimethylpentane (isoOctane).—isoOctane (b. p. 99—99-5°, n? 
1-3915) (175 g.) in a mixture of acetic acid (400 ml.) and acetic anhydride (25 ml.) was oxidised 
by a solution of chromic oxide (52 g.) in a mixture of acetic anhydride (250 ml.) and acetic 
acid (120 ml.). 2-1 g. of carbon dioxide were obtained and no volatile carbonyl compounds 
were detected. The oxidation product contained acetone, unchanged isooctane (109 g., b. p. 
96—99°, n® 1-3910—1-3915), and methyl neopentyl ketone (9-8 g., b. p. 124°, n#? 1-4030; 
semicarbazone m. p. and mixed m. p. 175—176°). There was also a further small amount of 
this ketone in fractions of b. p. 110—124° (2-1 g., 2° 1-4000—1-4015). The product boiling 
above 124° weighed 1-8 g. but nothing homogeneous could be obtained from it. 

The acid products of the oxidation consisted of trimethylacetic acid, b. p. 164—165° 
(0-9 g.; p-bromophenacyl ester, m. p. mixed m. p. 75—76°), some intermediate fractions 
containing more trimethylacetic acid, and a fraction, b. p. 98—107°/9 mm. (1-1 g.), n? 
1-4115—1-4125, consisting largely of a-neopentylpropionic acid (2: 4: 4-trimethylpentanoic 
acid); p-toluidide, m. p. and mixed m. p. 137—138°. 

(2) Oxidation of 2:2:4:6:6-Pentamethylheptane (as-Dineopentylethane).—Dineopentyl- 
ethane (75 g., b. p. 71—72°/24 mm., nf 1-4186—1-4188) in acetic anhydride (300 ml.) was 
oxidised by a solution of chromic oxide (33 g.) in acetic anhydride (200 ml.). The acidic 
product was dineopentylacetic acid (2: 2: 6: 6-tetramethylheptane-4-carboxylic acid) (9-4 g.), 
m. p. 85—86° not depressed by admixture with an authentic specimen (Found: C, 71-6; H, 
11-6. Calc. for C,,H,,O,: C, 71:9; H, 12-0%). The m. p. of the amide, 139—140°, was not 
depressed by admixture with a genuine specimen of dineopentylacetamide. 

The neutral material from the oxidation contained unchanged hydrocarbon (48 g., b. p. 
70—72° /24 mm., n? 1-4172—1-4188) and some higher-boiling material (2-5 g.) not resolved into 
any homogeneous product. 

(3) Oxidation of isoCamphane.—A solution of isocamphane (100 g., m. p. 63—64°) in carbon 
tetrachloride (600 ml.) and acetic anhydride (500 ml.) was oxidised by chromic oxide (50 g.) in 
acetic anhydride (300 ml.). The acid product was camphenilanic acid (4-7 g., m. p. and mixed 
m. p. 62—63°) (Found: C, 71-4; H, 9-3. Calc. for C,,H,,O,: C, 71:4; H, 9-5%); amide, 
m. p. and mixed m. p. 170—171°. The acid is reduced by lithium aluminium hydride to 
isocamphanol [p-nitrobenzoate, m. p. and mixed m. p. 90° (Found: C, 67-3; H, 7-0; N, 4:5. 
Calc. for C,,H,,0,N : C, 67:3; H, 7-0; N, 4-6%)]. 

The neutral products of the oxidation were concentrated by passing a solution in light 
petroleum through a column of silica gel. Unchanged isocamphane (74-2 g., m. p. 57—58°) 
passed through. The oxygenated products were collected by eluting the column with ether 
and acetone, and on distillation, camphenilone (8-1 g.) was obtained as well as higher-boiling 
material (1-9 g., b. p. 210—234°, n° 1-4672—1-4742) which could not be further resolved and 
contained chlorine. The camphenilone was examined particularly for the presence of camphor. 
A satisfactory method was found to consist in fractional sublimation from a bath at 110—1 15°; 
camphor sublimes more readily and can be recognised by its 2: 4-dinitrophenylhydrazone. 
No evidence for the presence of camphor was obtained, nor was there any satisfactory evidence 
for the presence of camphenilanaldehyde. The camphenilone appeared to be pure, and it 
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was recognised by its m. p. 38°; its semicarbazone, m. p. 217—218°; and its 2: 4-dinitro- 
phenylhydrazone, m. p. 159—160°. 

Oxidation of Camphene Hydrate.—A solution of camphene hydrate (30 g.) in acetic anhydride 
was oxidised by dropwise addition of a solution of chromium trioxide (20 g.) in acetic anhydride 
(100 ml.). After 36 hr., the green solution was diluted with water and worked up as described 
above. Nocamphenilanic acid wasfound. The neutral material consisted largely of unchanged 
camphene hydrate (16-4 g.), a small amount of camphene, and a ketonic fraction, b. p. 178— 
208° (6-3 g.), consisting largely of camphenilone; no other carbonylic compound was identified. 

Oxidation of Methylcamphenilol._—Methylcamphenilol (56-2 g.) in acetic anhydride (400 ml.), 
oxidised by chromic oxide (40 g.) in acetic anhydride (200 ml.), gave unchanged methyl- 
camphenilol (42 g.), crude camphene (2-2 g.), and a ketonic fraction, b. p. 180—198° (7-8 g.), 
containing camphenilone as the only ketone. 

(4) Oxidation of cycloHexane.—cycloHexane (300 g.) in acetic acid (1 1.) and acetic 
anhydride (100 ml.) was oxidised by a solution of chromic oxide (80 g.) in acetic anhydride 
(700 ml.). There were obtained unchanged cyclohexane (251 g., b. p. 79—81°, n? 1-4235— 
1-4265), cyclohexanone (5-8 g., b. p. 56—57°/20 mm., n? 1-4500—1-4495; semicarbazone, 
m. p. 165—166°), adipic acid (4-7 g., m. p. 147—149°, di-p-bromophenacy] ester, m. p. and 
mixed m. p. 154—155°), and small amounts of cyclohexanol (3 : 5-dinitrobenzoate, m. p. and 
mixed m. p. 113°) and cyclohexen-3-one (2: 4-dinitrophenylhydrazone, orange red, m. p. 
157—159°, mixed m. p. with authentic specimen 160—162°; mixed m. p. with cyclohexanone 
2 : 4-dinitrophenylhydrazone 145°). 

(5) Oxidation of sec.-Butylbenzene.—sec.-Butylbenzene (273 g., b. p. 172—172-5°, n? 
1-4894—-1-4900) in acetic anhydride (200 ml.) was oxidised by chromic oxide (100 g.) in acetic 
anhydride (500 ml.). There were isolated unchanged sec.-butylbenzene (143 g.), acetophenone 
(2-6 g.; 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 246°; semicarbazone, m. p. 
and mixed m. p. 198°), propiophenone (1-5 g., b. p. 98—102°/11 mm.; 2: 4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 190—191°), and higher-boiling neutral material, b. p. 
113—150°/15 mm. (10-4 g.), from which impure 1-methyl-1-phenylpropyl acetate was obtained 
(1-6 g. Found: Ac, 25-8. Calc. for C,,H,,0,: Ac, 22-4%). The alcohol derived from it by 
alkaline hydrolysis gave a p-nitrobenzoate, m. p. and mixed m. p. 97—98° (Found: C, 68-3; 
H, 6-0; N, 4:9. C,,H,,O,N requires C, 68:3; H, 5-7; N, 4:7%). There was also present in 
the fractions, b. p. 136—150°/15 mm. (1-0 g.), a substantial proportion of carbonylic material 
from which two 2: 4-dintrophenylhydrazones were separated: (a) yellow, m. p. 142—143°, 
and (b) orange, m. p. 181—183°, which were still impure and gave unsatisfactory analyses. 
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The Reaction of Epoxides with Carboxylic Acids. 
By W. J. Hickrinsottom and D. R. Hoa. 
[Reprint Order No. 5515.] 


The reactions of 2 : 3-epoxy-2 : 3-dimethylbutane with formic, acetic, and 
trichloroacetic acid have been studied. For comparison, the behaviour of 
1 : 2-epoxyoctane and | : 2-epoxy-l-phenylethane has been examined. 


THIS paper records a qualitative examination of the reaction of some epoxides with 
carboxylic acids as a preliminary to an accurate kinetic study. 

2 : 3-Epoxy-2 : 3-dimethylbutane (I) and formic acid rapidly give a moderate yield 
(~50%) of the expected glycol monoformate (II; R =H). The remainder of the product 
consists of 3 : 3-dimethylbutan-2-one (17%) (III), the monoformate (IV; R = H) (22%), 
and more complex material. With trichloroacetic acid, the monoester (II; R = CCl,) is 
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accompanied by 2 : 3-dimethylbutadiene and 2 : 3-dimethylbut-3-en-2-ol (V), and the yield 
of ketone (III) is higher (25%). Acetic acid reacts relatively slowly and gives the glycol 
monoacetate (II; R = Me) as the main product with small amounts of 2 : 3-dimethyl- 
butadiene, 2: 3-dimethylbut-3-en-2-ol (V) and its acetate, 2 : 3-dimethylbut-2-en-1-ol 
(VI), and some more complex material not precisely identified : the yield of 3 : 3-dimethyl- 
butan-2-one was quite small. Propionic acid reacts very slowly; after 64 days in 
anhydrous propionic acid 60% of the epoxide was recovered unchanged. The remainder 
had been converted into the monopropionate (II; R = Et) with a small amount of 
unsaturated material. 


Me,C-—-CMe, —_HO-CMe,"CMe,-O-COR = Me,C-COMe —_—s#RCO-O-CMe,*CMe,*O-CMe,"CMe,"OH 
X 
vile (11) (11) (IV) 


HO-CMe,"CMe:CH, CMe,:CMe:CH,"OH HO-CHR-CH,*O-COMe 
(V) (VI) (VII) 


For comparison, the behaviour of 1 : 2-epoxyoctane and of 1 : 2-epoxy-1-phenylethane 
towards carboxylic acids was examined. With acetic acid each gives the glycol mono- 
acetate (VII) as the main product. A small yield (7%) of phenylacetaldehyde was 
obtained from 1 : 2-epoxy-l-phenylethane; there was no clear evidence of rearrangement 
of 1 : 2-epoxyoctane to carbonyl compounds, but part of the product consisted of the 
acetate of a dihydroxydioctyl ether. Formic acid gave only a trace of octanal and formic 
esters of octanediol and of hydroxydiocty] ether. 

Although it is generally recognised that epoxides can rearrange to ketones or aldehydes 
when heated alone or with a suitable catalyst or when treated with zinc chloride or 
magnesium halides in ether, there appears to be no well-authenticated example of 
rearrangement promoted by carboxylic acids (cf. Winstein and Henderson in Elderfield’s 
“Heterocyclic Compounds,” Wiley and Sons, Inc., New York, 1950, pp. 47—52). The 
phenomenon is essentially a reaction of the epoxide since 2 : 3-dimethylbutane-2 : 3-diol 
and its monoesters are unchanged by contact with even strong carboxylic acis such as 
trichloroacetic acid. 

These observations support the view that the reaction of an epoxide with a carboxylic 
acid occurs in two phases. The first is the addition of a proton to the oxygen and opening 
of the epoxide ring to give R,C*-CR-OH, a type of structure similar to that postulated for 
the intermediate phase of the rearrangement of 1 : 2-glycols (cf. Wheland, ‘‘ Advanced 
Organic Chemistry,’’ Wiley and Sons, Inc., New York, 1949, p. 479). In the subsequent 
phase rearrangement may occur in the same way, its extent being governed by the rate of 
addition of anion to the positive centre. The formation of unsaturated alcohols and of 
dienes, such as occurs with 2 : 3-epoxy-2 : 3-dimethylbutane, is simply explained on this 
basis by assuming the expulsion of a proton from the carbon atom adjacent to the positive 
centre. The extension of this hypothesis to the reaction of epoxides with mineral acids 
accounts for the formation of carbonyl compounds from some epoxides under the influence 
of aqueous mineral acids. Among such examples are camphene oxide and dineopentyl- 
ethylene oxide, both of which rearrange to the corresponding aldehyde under the action 
of dilute mineral acids without an appreciable amount of glycol (Hickinbottom and Wood, 
J., 1951, 1600; 1953, 1906). 1: 2-Epoxy-2-phenylpropane also rearranges extremely 
easily under the influence of dilute mineral acids (Danilov and Venus-Danilova, Ber., 1927, 
60, 1059). 


EXPERIMENTAL 


Reaction of 2: 3-Epoxy-2 : 3-dimethylbutane with Carboxylic Acids.—2 : 3-Epoxy-2 : 3-di- 
methylbutane, b. p. 90—93°, n%? 1-3986, was prepared in 68—75% yield by the action of 
perbenzoic acid in ether on 2: 3-dimethylbut-2-ene. The epoxide is reduced by lithium 
aluminium hydride in ether to 2 : 3-dimethylbutan-2-ol (82% yield) (3 : 5-dinitrobenzoate, m. p. 
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and mixed m. p. 110—111°) and with 2: 4-dinitrophenylhydrazine in 20% aqueous sulphuric 
acid gives 3: 3-dimethylbutan-2-one 2 : 4-dinitrophenylhydrazone. 

2: 3-Dimethylbut-2-ene was prepared by heating 2: 3-dimethylbutan-2-ol with four times 
its weight of anhydrous oxalic acid for 8 hr. under reflux. The olefins thus formed were 
separated by distillation into 2 : 3-dimethylbut-2-ene, b. p. 72-6—73-4°, nv 1-4120, and -l-ene, 
b. p. 54—55-8°, n° 1-3902. The best yield of mixed olefin was 388 g. from 505 g. of alcohol; an 
average yield of 85% was obtained from smaller amounts of alcohol. The ratio of 2: 3-di- 
methylbut-2-ene to its isomer was 4 : 1 as determined by the amounts separated by distillation. 

2 : 3-Dimethylbutan-2-ol, prepared by the reaction of methylmagnesium bromide in ether 
with (a) ethyl isobutyrate (76% yield) and (b) methyl isopropyl ketone (85% yield), had b. p. 
116—117°, ni) 1-4161—1-4169 (3 : 5-dinitrobenzoate, m. p. 110—111°). 

(a) With acetic acid; formation of 3-acetoxy-2 : 3-dimethylbutan-2-ol. A mixture of 2: 3- 
epoxy-2 : 3-dimethylbutane (13 g.) and anhydrous acetic acid (42-5 g.) was kept at room 
temperature for 14 days and then distilled at 4mm. Acetic acid and the volatile products (A) 
of the reaction were collected in cold traps, the main product (B) at 34—47° (12-9 g.), and 
fraction (C) at 93—105° (1-2 g.). 

2: 3-Dimethylbutadiene (0-4 g.) (maleic anhydride adduct, m. p. and mixed m. p. 78°; 
dibromide, m. p. and mixed m. p. 137°) and a small amount of 2 : 3-dimethylbut-2-en-1-ol (3 : 5- 
dinitrobenzoate, m. p. and mixed m. p. 107°) were isolated from fraction A. 

The main product (B) consisted largely (9-8 g.) of 3-acetxoy-2 : 3-dimethyibutan-2-ol, b. p. 53 
54°/5 mm., 7? 1-4328 (Found: C, 60-3; H, 10-0; Ac, 25-3. C,H ,,O3 requires C, 60-0; H, 
10-1; Ac, 268%). It was hydrolysed by aqueous alkali to 2: 3-dimethylbutane-2 : 3-diol 
hydrate, m. p. and mixed m. p. 45—47°, and acetic acid (p-bromophenacyl ester, m. p. and 
mixed m. p. 83—85°). There was also present in B a lower-boiling unsaturated component 
which could not be separated in a pure state. Accordingly the combined lower-boiling fractions 
of B were hydrolysed by alkali to give 2: 3-dimethylbutane-2 : 3-diol hydrate and 2: 3-di- 
methylbut-3-en-2-o0l, which was identified as its 3: 5-dinitrobenzoate, m. p. and mixed 
m. p. 127°. 

No homogeneous product could be isolated from fraction C. It gave 3 : 3-dimethylbut-2-one 
2: 4-dinitrophenylhydrazone when heated with 2: 4-dinitrophenylhydrazine in alcoholic 


9 
sulphuric acid, and may therefore contain a 1 : 4- or 1 : 3-dioxan or an ester of an ether derived 


from a glycol. 

When the epoxide was boiled in acetic acid, the same products were obtained. 

(b) With propionic acid. The epoxide (19 g.) and propionic acid (70 g.) were mixed and 
kept at room temperature for 6} days. The product, treated as above, gave unchanged epoxide 
(10-7 g.; 2° 1-3981—1-3990) and 2: 3-dimethyl-3-propionoxybutan-2-ol, b. p. 60°/4 mm., nF 
1-4334 (3-8 g.) (Found: C, 62-0; H, 10-5. C,H,,0, requires C, 62-0; H, 10-4%). It was 
identified by alkaline hydrolysis to 2 : 3-dimethylbutane-2 : 3-diol hydrate and propionic acid. 

There were also in the product a small amount of lower-boiling, unidentified unsaturated 
material and 0-1 g. of higher-boiling residue with the characteristics of a dioxan. 

(c) With trichloroacetic acid. 2: 3-Epoxy-2: 3-dimethylbutane (20 g.) was added to a 
solution of trichloroacetic acid (98 g.) in 1: 2-dichloroethane (120 ml.). Heat was evolved 
during mixing, and after 36 hr. at room temperature the solution had become red. It was 
extracted with ice-water (2 x 200 c.c.) and then 10% sodium hydrogen carbonate solution 
(2 x 100 c.c.). Distillation of the dried solution gave fractions (a) b. p. up to 30°/4 mm., 
(b) b. p. 90—103°/4 mm., and (c) b. p. 103°/4 mm. 

Fraction (a) consisted largely of dichloroethane but the lower-boiling parts were markedly 
unsaturated and contained some 2 : 3-dimethylbutadiene (maleic anhydride adduct, m. p. and 
mixed: m. p. 77—78°; tetrabromide m. p. and mixed m. p. 139—140°). The amount of this 
present is difficult to estimate accurately but it appears to be less than} g. The higher-boiling 
material present in this fraction was concentrated into the boiling range 92—108° (4-0 g.) and 
it was identified as 3: 3-dimethylbutan-2-one by its semicarbazone and 2: 4-dinitrophenyl- 
hydrazone as well as by reduction to 3 : 3-dimethylbutan-2-ol. 

Fractions (b) and (c) consisted largely of the trichloroacetate of 2 : 3-dimethylbutane-2 : 3- 
diol. Alkaline hydrolysis gave the glycol hydrate and chloroform. Attempts to obtain the 
ester pure were only partially successful; the purest samples were colourless oils, b. p. 
92°/2-5 mm., 7? 1-4732—1-4736, which became yellow and then red even in sealed vessels 
(Found: C, 39-6; H, 5-4; Cl, 37-6. C,H,,0,Cl, requires C, 36-5; H, 5-0; Cl, 403%). The 
higher-boiling fractions were dark and deposited crystals of trichloroacetic acid. 

d) With formic acid. Anhydrous formic acid (34 g.) was mixed with 2: 3-dimethyl-2 : 3- 
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epoxybutane (15 g.) with external cooling. Next morning the excess of formic acid and the 
volatile products were distilled off at 16 mm. into cold traps (product A). The remainder was 
freed from traces of formic acid by washing of its ethereal soution with sodium carbonate and 
separated into two main fractions, (B) b. p. 78—83°/16 mm., ”? 1-4411—1-4419 (5-2 g.), and 
(C) b. p. 141—143°/16 mm., n® 1-4479 (3-4 g.), by distillation through a 12’ Fenske-packed 
column. Intermediate fractions amounting to 2-7 g. were also obtained, with a residue 
(0-5 g.) (D). 

Fraction A was freed from formic acid by aqueous alkali and distilled to give 2-1 g. of crude 
3: 3-dimethylbutan-2-one, b. p. 90°, ni 1-3999—1-3982 (semicarbazone, m. p. and mixed 
m. p. 158°). 

Fraction B was essentially the 3-formyloxy-2 : 3-dimethylbutan-2-ol, b. p. 82°/15 mm., 7 
1-4416 (Found: C, 57-9; H, 9-8; H*CO,, 24:9%; M (Rast), 180. Calc. for C,H,,0,: C, 57-5; 
H, 9:7; H°CO,, 30:8%; M, 146]. The analytical figures and an abnormally high active- 
hydrogen content (0-96. Reqd.: 0-69%%) indicate the presence of some glycol but no separation 
could be effected by chromatography. The ester was hydrolysed by aqueous alkali to the glycol 
yydrate and formic acid (reducing properties and «-naphthalide, m. p. and mixed m. p. 138— 
139°). 

Fraction C was not homogeneous and after several distillations no completely pure compound 
was isolated. Analyses of successive fractions suggest a mixture of the mono- and di-formates of 
di-(2-hydroxy-1 : 1 : 2-trimethylpropyl) ether: (a) b. p. 144—146°/15 mm., n>} 1-4473 [Found : 
C, 61-8; H, 10-:0%; M, (Rast) 207]; (b) b. p. 146—147°/15 mm., un? 1-4478 [Found : C, 62-7; 
H, 10:0%; M, 217] (Calc. for monoformate, C,,H,,0,: C, 63-4; H, 10-6%; M, 246. Calc. for 
diformate, C,,H,,0,: C, 61-3; H, 9-559; M, 274). Chromatography on alumina gave, as the 
more elutable material, the appr »ximately pure diformate, b. p. 92°/0-5 mm., 77? 1-4472 (Found : 
C, 61-85; H, 10-1%). Alkaline hydrolysis gave formic acid and an oil which was not 
homogeneous since it deposited a small amount of crystalline material. Acid hydrolysis with a 
solution of 2 : 4-dinitrophenylhydrazine in alcoholic hydrochloric acid gave 3 : 3-dimethylbutan- 
2-one 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 126°. 

Fraction D and the higher-boiling parts of C were combined and chromatographed on 
alumina. A rapidly elutable solid was obtained (0-5 g.), having m. p. 147—148° after crystallis- 
ation from light petroleum (b. p. 60—80°). This is a saturated ester; it is non-carbonylic. 
From analyses of different specimens, it appears to be a mixture of the diformate of 1 : 2-di-(2- 
hydroxy-1 : 1 : 2-trimethylpropoxy)-1 : 1 : 2-trimethylpropane, with some of the monoformate 
(Found: C, 65-6, 64:7; H, 10-0, 10:6; active H, 0:08, 0-09; H°CO,, 19-7, 20-2. Calc. for 
CopHsg0,: C, 64:1; H, 10-2; active H, 0; H°CO,, 24:0. Calc. for C,,H;,0,: C, 65-9; H, 
11-05; active H, 0:29; H-CO,, 13-0%). 

Reaction of 1:2-Epoxyoctane with Carboxylic Acids.—1 : 2-Epoxyoctane, b. p. 62-5 
63-0°/17 mm., 7%) 1-4193—1-4198, was obtained in 80—-85% yield by reaction of oct-1l-ene with 
perbenzoic acid in chloroform. It is reduced by lithium aluminium hydride in ether to octan- 
2-ol (3 : 5-dinitrobenzoate, m. p. and mixed m. p. 32—32-5°; a-naphthylamine adduct, m. p. 
and mixed m. p. 67-—67:-5°). 

(a) With acetic acid. 1: 2-Epoxyoctane (32 g.) and acetic acid (75 g.) were mixed and kept 
at room temperature for 7 days. Distillation at 16 mm. removed excess of acetic acid and 
unchanged 1 : 2-epoxyoctane (16 g.)._ The remaining reaction product (166 g.) was separated 
into two main fractions: (a) b. p. 106—111°/4 mm., nu? 1-4369—1-4373 (10 g.), and (b) b. p. 
166—176°/4 mm. Fraction (a) was essentially l-acetoxyoctan-2-ol, b. p. 77°/0-4 mm., 
1-4370 [Found: C, 64:1; H, 10-85; Ac, 21:6; active H, 0-42%; M (Rast), 176. Calc. for 
CoH O03: C, 63-8; H, 10-7; active H, 0-53; Ac, 22.9%; M, 188]. Alkaline hydroysis gave 
acetic acid and octane-1 : 2-diol (di-3 : 5-dinitrobenzoate; «-naphthylamine adduct, m. p. and 
mixed m. p. 113°). Oxidation with ¢ert.-butyl chromate as described below gave l-acetoxy- 
octan-2-one, m. p. and mixed m. p. 41—42°. From fraction (b) 2-2’-hydvoxyoctyloxyoctyl 
acetate was isolated, having b. p. 145—152°/0-5 mm., 2? 1-4471 [Found: C, 68-0; H 11-45; 
Ac, 12-4; active H, 035%; M (Rast), 279. C,sH,,O, requires C, 68-3; H, 11-5; Ac, 13-6; 
active H, 0:32%; M, 316). 

(b) With formic acid. Anhydrous formic acid reacts with 1: 2-epoxyoctane with the 
development of heat. After the oxide (20 g.) and formic acid (36 g.) had been kept for 2 days, 
the mixture was diluted with ether and the unchanged acid removed by 10% aqueous sodium 
carbonate. Distillation of the dried ethereal solution gave fractions : (a) b. p. 75—78°/0-6 mm., 
-y 1:4328—1-4329 (14-6 g.), a saturated viscous liquid with a pleasant odour; (b) b. p. 78— 
146°/1 mm., 72° 1-4410 (0-1 g.); (c) b. p. 146—177°/1-0 mm., nf} 1-440—1-4450 (6-2 g.); (d) b. p. 
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177—190°/1-2 mm., n? 1-4493 (1-4 g.); and in the cold traps 0-4 g. from which a small amount 
of the octanone 2: 4-dinitrophenylhydrazone, m. p and mixed m. p. 99—101°, was obtained. 
Fraction (a) consisted mainly of the diformate of octane-1 : 2-diol with some of the monoformate 
(Found, for redistilled material, b. p..73°/0-5 mm., 7? 1-4329: C, 59-7; H, 9-1; H°CO,, 36. 
Calc. for monoformate, C,H,,0,: C, 62:0; H, 10-4; H°CO,, 25-8. Calc. for diformate, 
CypH,,0,: C, 59-4; H, 90; H°CO,, 44:5%). By chromatography on silica with light 
petroleum-ether for elution, the later portions gave nearly pure monoformate (0-4 g.), b. p. 
84°/0-6 mm., 72° 1-4388 (Found : C, 62-3; H, 10-3; active H, 0-30; H*CO,, 27-2%). Oxidation 
by éert.-butyl chromate and chromatography on silica gave a product from which the 1-hydroxy- 
octan-2-one 4-phenylsemicarbazone was obtained, with m. p. and mixed m. p. 135° (Found: C, 
64-8; H, 8-3; N, 14-7. Calc. for C,;H,,0,N,: C, 65-0; H, 8-4; N, 15-1%). 

Fraction C consisted of the mono- and di-formate of 2-2’-hydroxyoctyloxyoctan-l-ol. No 
appreciable separation could be achieved by further distillation or chromatography. The main 
bulk of this fraction boiled at 152—161°/1 mm. and had n?? 1-4442, and samples for analysis were 
taken after further distillation (b. p. 137°/0-5 mm.) [Found: C, 66-3; H, 10-8; active H, 
0-:09%; M (Rast), 282. Calc. for monoformate, C,,H,,0,: C, 67-5; H, 11-3; active H, 
0-34%; M, 302. Calc. for diformate, C,,H,,0,: C, 65-4; H, 10-4%; M, 330]. Alkaline 
hydrolysis gave formic acid and an oil which deposited crystals of 2-2’-hydroxyoctyloxyoctan- 
l-ol, m. p. and mixed m. p. 77-5°. 

No homogeneous material could be isolated from fraction (d). 

(c) With trichloroacetic acid. A solution of trichloroacetic acid (98 g.) in 1: 2-dichloro- 
ethane (120 ml.) was mixed with 1 : 2-epoxyoctane (26 g.). A vigorous exothermic reaction 
occurred, and thereafter the solution was kept at room temperature for 7 days. The excess of 
trichloroacetic acid was removed by saturated aqueous sodium carbonate, and the neutral 
product distilled to remove the solvent. It was not possible to distil the reaction product even 
at 0-5 mm. without decomposition. It was accordingly hydrolysed by aqueous alkali to 
chloroform and a neutral oil which was separated by distillation into octane-1 : 2-diol (19-5 g.), 
m. p. 28—31°, and a fraction, b. p. 152—158°/0-6 mm., n» 1-4550—1-4560. The latter slowly 
deposited 2-2’-hydroxyoctyloxyoctan-l-ol, m. p. and mixed m. p. 75-5°. The liquid portion of 
this fraction also contained a considerable amount of this ether (Found: C, 70-9; H, 12-5; 
active H, 0:74%; M, 233. Calc. for C,,H;,0,: C, 70-0; H, 12-5; active H, 0-74%; M, 274). 
It gave a di-3 : 5-dinitrobenzoate, characterised as the di-x-naphthylamine adduct, m. p. and 
mixed m. p. 83-5—84° (Found: C, 63-95; H, 6-15; N, 8-65. Calc. for C;,H;,0,,N,: C, 63-3; 
H, 5-95; H, 8-85%). 

Reaction of Octane-1 : 2-diol with 1 : 2-Epoxyoctane.—(a) Preparation of 2-2’-hydroxyoctyloxy- 
octan-1-ol. The epoxide (7 g.) and the glycol (5-5 g.) were heated together for 24 hr. at 130— 
140° (bath-temp.) with acetic acid (5 ml.). Distillation gave unchanged glycol and its mono- 
acetate, and a fraction, b. p. 154—165/1-2 mm. (1-0 g.), which deposited 2-2’-hydroxyoctyloxy- 
octan-l-ol, m. p. 75° (from light petroleum) (Found: C, 70-0; H, 12-2; active H, 0-68. Calc. 
for C,,H,,0, : C, 70-0; H, 12-5; active H, 0-73%), characterised as the «-naphthylamine adduct 
of its di-3 : 5-dinitrobenzoate, m. p. 84°. 

(b) Preparation of 1-acetoxyoctan-2-one. A solution of 1-diazo-octan-2-one was prepared by 
adding »-heptanoyl chloride (70 g.) in benzene (50 ml.) to well-stirred ice-cold ethereal diazo- 
methane (from 120 g. of «-nitrosomethylurea). The solution was kept at 0° for 36 hr., then 
freed from ether. To three-quarters of the residue was added acetic acid (60 g.) and the reaction 
completed by heating at 60—80°. The mixture was then diluted with ether, washed free from 
acid with aqueous sodium carbonate, dried, and distilled. 1-Chlovo-octan-2-one was collected 
at 101—102°/18 mm. (n° 1-4440—1-4443; 16g.) (Found: C, 59-6; H, 9-6; Cl, 21-1. Calc. for 
C,H,,OCI: C, 59-1; H, 9-3; Cl, 21-8%) and l-acetoxyoctan-2-one at 98—104°/5 mm. (m. p. 41— 
42°; 11-8g.). The latter crystallised from light petroleum (b. p. 40—60°) in needles, m. p. 42° 
(Found: C, 64:3; H, 9-5. ©, )H,,O, requires C, 64:5; H, 9:7%). There were also a small 
preliminary fraction (? methyl] heptanoate), and about 7 g. of residue. 

1-Acetoxyoctan-2-one was also prepared by heating 1-chloro-octan-2-one (25 g.) with 
anhydrous potassium acetate (20 g.) in dry alcohol (38 g.) for 14 hr. (yield 8 g.; m. p. 40—42°), 
and by the oxidation of octanediol monoacetate, as follows. 1-Acetoxyoctan-2-ol (4:5 g.) in 
light petroleum (b. p. 40—60°; 30 ml.) was added dropwise to a solution of chromium trioxide 
(4 g.) in ¢ert.-butyl alcohol (14 ml.) diluted with light petroleum (b. p. 40—60°; 50 ml.). After 
36 hr., there were added water (50 ml.), ether (50 ml.), and powdered oxalic acid till there was no 
further action. The product, in ether, was washed successively with 10% sulphuric acid, 
5N-acetic acid, and 10% aqueous sodium carbonate, and distilled. Crude l-acetoxyoctan-2-one 
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was collected at 68—73°/0-5 mm. (3-0 g.); purified by chromatography on alumina, it had m. p. 
and mixed m. p. 41—42°. It was characterised as its semicarbazone, m. p. 40—41° (Found : 
C, 54-3; H, 8-7; N, 17-0. C,,H,,0,N, requires C, 54-3; H, 8:7; N, 17-3%). Reaction with 
2 : 4-dinitrophenylhydrazine gave a red solid which on chromatography and crystallisation from 
benzene and then acetic acid melted at 159°, being 2-ox0-octanal bis-2 : 4-dinitrophenylhydrazone 
(Found: C, 48-1; H, 4:5; N, 21-7. Cy9H.,0,N, requires C, 47-8; H, 4-4; N, 22-3%). 

Preparation of 1-Formyloxyoctan-2-one.—Prepared from 1-diazo-octan-2-one (from 37 g. of 
n-heptanoyl chloride) and formic acid by the procedure described above, this ester had b. p. 
120°/14 mm., m. p. 24—25°, n2 1-4341 (Found : C, 63-1; H, 9-3. C,H,,O, requires C, 62-8; H, 
9-4%). Its 4-phenylsemicarbazone had m. p. 113-5° (from alcohol) (Found: 62-7; H, 7-5; N, 
14-0. C,gsH,,0,N, requires C, 62-9; H, 7-6; N, 13-8%); it is partially hydrolysed by boiling 
aqueous alcohol and with barium hydroxide in boiling alcohol gives 1-hydroxyoctan-2-one 
4-phenylsemicarbazone, m. p. 135° (Found: C, 64:8; H, 8-3; N, 14-7. C,;H,,;0,N; requires 
C, 65-0; H, 8-4; N, 15-1%). With semicarbazide the ester gives 1-hydroxyoctan-2-one semi- 
carbazone, m. p. 124° (Found: C, 54:0; H, 9-3; N, 21-6. C,H,,O,N, requires C, 53-7; H, 9-5; 
N, 21:0%). 1-Hydroxyoctan-2-one thiosemicarbazone, prepared similarly, had m. p. 148-5° 
(Found : C, 49-8; H, 9-1; S, 14-9. C,H,,ON,S requires C, 49-7; H, 8-8; S, 14-8%). 2: 4-Di- 
nitrophenylhydrazine in acid solution gave 2-oxo-octanal bis-2 : 4-dinitrophenylhydrazone, 
m. p. 158—159°, identical with that obtained from l-acetoxyoctan-2-one. 

1 : 2-Epoxy-1-phenylethane (Styrene Oxide) —The epoxide prepared by the action of 
perbenzoic acid on styrene in chloroform contained benzaldehyde as a persistent impurity. It 
was shaken with aqueous semicarbazide hydrochloride and sodium acetate for 4 hr. and kept 
overnight. Distillation of the dried organic layer gave 1 : 2-epoxy-l-phenylethane, b. p. 
77-2°/11 mm., 2? 1-5362—1-5360. 

Styrene oxide (10-6 g.) and glacial acetic acid (53 g.) were mixed and kept at room 
temperature for 2 days. Distillation gave acetic acid and fractions, (a) b. p. 54—58°/6 mm. 
(0-7 g.), and (6) 120°/4 mm. to 129°/5 mm. (10-3 g.), nf? 1-5170—1-5191. Fraction (a) contained 
some acetic acid and gave the phenylacetaldehyde semicarbazone (0-8 g.), m. p. and mixed 
m. p. 158—159°. The greater part of fraction (b) boiled at 120°/4 mm., had n?? 1-5190— 
1-5191, and consisted essentially of 2-acetoxy-1-phenylethan-l-ol. Alkaline hydrolysis gave 
phenylethane-1 : 2-diol, m. p. 65—66°, and acetic acid. Oxidation by ¢ert.-butyl chromate 
yielded w-acetoxyacetophenone (2: 4-dinitrophenylhydrazone, orange needles, m. p. 185— 
186°). w-Acetoxyacetophenone, prepared from phenacyl bromide (Stoermer, Ber., 1906, 39, 
2294), melted at 39—40° and gave a 2: 4-dinitrophenylhydrazone identical with that just 
described. 
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The Synthesis of 5-Pyrimidinyl Sulphides and Disulphides. 
3y G. R. BarKeR, NypiA G. Lutuy, and (in part) M. M. Duar, 
[Reprint Order No. 5479.] 


A study has been made of routes for the synthesis of 5-pyrimidinyl 
disulphides. A successful method has been found for the preparation of di- 
(2: 4: 6-trihydroxypyrimidin-5-yl) disulphide from 5-bromo- or 5: 5-di- 
bromo-barbituric acid and thiourea. 6-Aminouracil on bromination gave 
6-amino-5-bromo-?2 : 4-dihydroxypyrimidine which with thiourea yielded a 
monosulphide instead of a disulphide. In both cases, intermediates were 
isolated, and their structures are discussed. The presence of disulphide 
linkages in the final products has been confirmed by a study of their behaviour 
at the dropping-mercury electrode. Ultra-violet and infra-red spectra are 


also recorded. 


SINCE certain pyrimidines (Barker, Dhar, and Parsons, Brit. J. Cancer, 1949, 3, 427; 
1951, 5, 124) resemble the ribonucleotides and their derivatives (Barakan, Barker, Gulland, 
and Parsons, J. Path. Bact., 1948, 60, 441) in exhibiting small but statistically significant 
acceleratory or inhibitory effects on the growth of grafted tumours in mice, a study has 
been made of methods for the synthesis of di-5-pyridimidinyl sulphides and disulphides 
in which hydroxy- or amino-groups, which have previously been shown to be necessary 
for biological activity, are present at positions 2,4, and 6. The actions of these compounds 
on tumour growth will be described elsewhere. 

Reduction with zinc and hydrochloric acid of the sulphonyl chloride (I), obtained by 
the action of chlorosulphonic acid on uracil, gave, in very low yield, the disulphide (II). 
In one experiment the zinc salt of 2 : 4-dihydroxy-5-mercaptopyrimidine was obtained. 


OH 
a. SO,Cl 
HO, } 


However, the same series of reactions, when applied to 6-amino-2 : 4-dihydroxypyrimidine 
(6-aminouracil), gave a disulphide, also in small yield, which could not be obtained 
completely free from zinc. This approach was abandoned, however, since difficulty was 
experienced in the removal of zinc from the reduction product and the preparation of 
the sulphonyl chloride was not readily reproducible owing to hydrolysis to the sulphonic 
acid. In some instances the sulphonyl chloride could be converted into a sulphonamido- 
pyrimidine, but in most cases an ammonium salt of the sulphonic acid was obtained. 

Of the various methods for introduction of the mercapto-group into the pyrimidine 
ring, that which seemed most likely to suit the present purpose was interaction of a 
halogenated pyrimidine with thiourea followed by hydrolysis of the thiuronium residue 
(Polonovski and Schmitt, Bull. Soc. chim., 1950, 17, 616; Boarland and McOmie, /., 
1951, 1218). This method had not, however, been used for the introduction of the 
mercapto-group into the 5-position. Polonovski and Schmitt (/oc. cit.) indeed record 
that “ 5-bromo-methy]l uracil ”’ (presumably 5-bromo-2 : 4-dihydroxy-6-methylpyrimidine) 
failed to react with thiourea. They suggested that this was due to the insolubility 
of the compound and to the unreactive nature of the halogen. In our hands, 5-bromo- 
2: 4-dihydroxypyrimidine, in which the 6-methyl group of the above compound is 
replaced by hydrogen, also failed to react with thiourea at any dilution in alcohol or 
in aqueous alkaline solution. This suggested the possibility that the presence at both the 
4- and the 6-position of groups capable of tautomerism might activate the halogen 
sufficiently to bring about reaction. In accordance, 5-bromo-2 : 4 : 6-trihydroxypyrimidine 
(5-bromobarbituric acid) reacted rapidly at room temperature with thiourea in alcohol. 
A colourless intermediate was formed to which we ascribe the structure (III). When 
intermediates were obtained by Polonovski and Schmitt and by Boarland and McOmie 
(loc. cit.), these consisted of thiuronium halides, but the intermediate obtained in the present 
case was free from halogen. It is possible that the isothiourea (III) is stabilised by 
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internal salt formation or by hydrogen bonding. On hydrolysis with aqueous sodium 
hydroxide, it gave di-(2 : 4 : 6-trihydroxypyrimidin-5-yl) disulphide (IV). This compound 
was also isolated as a disodium salt (see below). 
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5 : 5-Dibromo-5 : 6-dihydro-2 : 4-dihydroxy-6-oxopyrimidine (5 : 5-dibromobarbituric 
acid) gave the same intermediate as the monobromobarbituric acid instead of both 
bromine atoms being replaced by zsothiourea residues. Since the dibromo-compound 
is more easily obtained, this starting material is preferred for the preparation of the 
disulphide (IV). 

In its reaction with thiourea, 6-amino-5-bromo-2 : 4-dihydroxypyrimidine (6-amino- 
5-bromouracil), which is described for the first time, behaved differently from 5-bromo- 
barbituric acid in two respects. First, the intermediate which was obtained was not so 
well characterised. It varied in colour from yellow to red: some samples contained up 
to approximately 5°% of bromine which could not be removed by washing with water, 
but others analysed correctly for 5-amidinothio-6-amino-2 : 4-dihydroxypyrimidine. 
Extraction of the bromine-containing material with methanol yielded a small quantity 
of a yellow compound which was undoubtedly a thiuronium bromide. The red residue 
remaining after extraction could not be freed from halogen without bringing about 
hydrolysis. Treatment of any of these intermediates with aqueous sodium hydroxide 
resulted in the appearance of a purple colour which rapidly faded on heating. After 
acidification of the resulting solution, almost colourless di-(6-amino-2 : 4-dihydroxy- 
pyrimidin-5-yl) sulphide (V) was obtained. No disulphide analogous to (IV) was isolated. 
The same monosulphide can be obtained in good yield, without isolation of an intermediate, 
by treatment of an alkaline solution of 6-amino-5-bromo-2 : 4-dihydroxypyrimidine with 
thiourea. 

In order to confirm the structures of the monosulphide and disulphides, it was desirable 
to have some specific method of identifying these classes of compound. Examination of 
ultra-violet absorption spectra did not distinguish between thiols, monosulphides, and 
disulphides. Infra-red spectra failed to show a band in the region of 2500 cm.-} which 
is regarded as characteristic of the mercapto-group in thioacetic acid (Trans. Faraday 
Soc., 1949, 45, 693). However, no band which could be assigned to the sulphide or 
disulphide linkage could be observed: identification of the C-S stretching vibrations 
would hardly be expected in molecules of this complexity (cf. Sheppard and Sutherland, 
ibid., 1945, 41, 261). A cluster of bands which could not be related to particular groupings, 
but which are useful for purposes of comparison, occur in the double-bond stretching 
region (cf. Short and Thompson, /., 1952, 168). 

In contrast to the failure of spectroscopic methods, the use of the polarograph clearly 
demonstrated the presence of disulphide linkages. Cavalieri and Lowy (Arch. Biochem. 
Biophys., 1952, 35, 83) have studied the reduction of various pyrimidines in acidic solution. 
According to Kolthoff and Lingane (‘‘ Polarography,” Interscience Publ., New York, 
1952, p. 779) only disulphides in alkaline solution would be expected to be reduced 
polarographically. Simple pyrimidines which did not contain a disulphide linkage gave 
no reduction wave. On the other hand, di-(2 : 4-dihydroxy-6-methylpyrimidin-5-yl) 
disulphide (Maggiolo and Hitchings, J. Amer. Chem. Soc., 1951, 78, 4226) and di-(2 : 4 : 6- 
trihydroxypyrimidin-5-yl) disulphide showed a cathodic wave, which confirms their 
structures. The sodium salt of the latter compound also was reduced polarographically, 
indicating that it is the disodium salt of the disulphide and not the sodium salt of the 
corresponding thiol. After being allowed to stand for several days, however, alkaline 
solutions of di-(2 : 4 : 6-trihydroxypyrimidin-5-yl) disulphide no longer gave a cathodic 
wave, owing presumably to the destruction of the disulphide linkage. This behaviour 
is analogous to changes in cystine and glutathione under similar conditons (Stricks and 
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Kolthoff, Analyt. Chem., 1953, 25, 1050). As was expected, di-(6-amino-2 : 4-dihydroxy- 
pyrimidin-5-yl) sulphide showed no reduction wave. Di-(6-amino-2 : 4-dihydroxy- 
pyrimidin-5-yl) disulphide and di-(2 : 4-dihydroxypyrimidin-5-yl) disulphide, obtained in 
small yields by reduction of the sulphonyl chorides, were, however, reduced polaro- 
graphically. The zinc salt of 2 : 4-dihydroxy-5-mercaptopyrimidine gave no wave at a 
potential corresponding to the reduction of a disulphide, but showed only the normal 
cathodic wave of zinc in alkaline solution. 

The formation of a monosulphide from 6-amino-5-bromouracil instead of a disulphide 
is not without precedent. Monosulphide formation has been observed in the thiazole 
(Watt, J. Org. Chem., 1939, 4, 436), pyridine (Surrey and Lindwall, J. Amer. Chem. Soc., 
1940, 62, 1697), and quinoline series (Rosenhauer, Hoffmann, and Heuser, Ber., 1929, 
62, 2730; Renfrew, J. Amer. Chem. Soc., 1946, 68, 1433), and also by Polonovski and 
Schmitt (oc. cit.) in the pyrimidine series. The reaction was believed to be due to either 
(a) interaction of excess of bromopyrimidine with a thiuronium derivative or a thiol 
or (b) interaction of a thiol and a thiuronium derivative. In the present experiments, 
since a sulphide was obtained from a halogen-free intermediate, reactions of type (a) 
can be excluded. A full explanation of the difference in behaviour between 5-bromo- 
barbituric acid and 6-amino-5-bromouracil must await the elucidation of the structures 
of the coloured intermediates formed from the latter. 


EXPERIMENTAL 
M. p.s are corrected. 


Chlorosulphonations (with M. M. Duar).—The material (10 g.) was added gradually, with 
stirring, to chlorosulphonic acid (50 c.c.) and the temperature was not allowed to rise above 
40°. The mixture was then heated on the steam-bath for }$ hr., and, after being cooled to 
room temperature, was poured on crushed ice (200 g.). The precipitate was collected and 
washed with water (50 c.c.) at 0°. For conversion into the sulphonamide, this material was 
added gradually to liquid ammonia (300 c.c.), the excess of ammonia was allowed to evaporate, 
and the residue was crystallised from hot water. Although in some experiments only an 
ammonium salt was obtained by this method, there were obtained, from uracil, 2 : 4-dihydroxy- 
pyrimidine-5-sulphonamide as needles, m. p. 305° (decomp.) (Found: C, 25-1; H, 2-6; N, 
22-1. C,H,;O,N,S requires C, 25-2; H, 2:6; N, 22-0%), and, from 6-aminouracil, 6-amino- 
2: 4-dihydroxypyrimidine-5-sulphonamide as needles, m. p. 268° (Found: C, 23-6; H, 2-9; 
N, 27-2. C,H,O,N,S requires C, 23-3; H, 2:9; N, 27-2%). 

Reduction of Sulphonyl Chlorides (with M. M. DHar)—The sulphonyl chloride (from 5 g. 
of the parent pyrimidine) was suspended in 3n-hydrochloric acid (90 c.c.) and cooled in ice- 
salt. Zinc dust (9 g.) was added and the mixture was stirred overnight. The precipitate 
was collected and suspended in water, and 2N-sodium hydroxide was added, care being taken 
to avoid redissolving the precipitated zinc hydroxide. The zinc hydroxide was removed and 
the filtrate was neutralised with 2Nn-hydrochloric acid. The precipitate was collected and 
crystallised from hot water. By this method, the sulphony] chloride from uracil gave di-(2 : 4- 
dihydroxypyrimidin-5-yl) disulphide which did not melt below 360° (Found: C, 33-0; H, 
2:7; N, 18-6. CgH,O,N,S, requires C, 33-6; H, 2-1; N, 19-6%) [infra-red spectrum: peaks 
at 1769(m), 1715(s) (broad), 1660(s), and 1603(m) cm.-]. The sulphonyl chloride from 
6-aminouracil, in one experiment, yielded impure di-(6-amino-2 : 4-dihydroxypyrimidin-5-yl) 
disulphide which did not melt below 360° (Found: C, 28-0; H, 3-0; N, 24-2; Ash, 2. Calc. 
for CgH,O,N,S,: C, 30-4; H, 2-5; N, 266%) [infra-red spectrum: peaks at 1785(sh), 
1730(s) (broad), 1640{s) (broad), 1567(ms), and 1520(m) cm.-1], but in other experiments the 
material corresponded approximately to the zinc salt of 6-amino-2 : 4-dihydroxy-5-mercapto- 
pyrimidine (Found: C, 26-1; H, 2-3. Calc. for C,H,O,N,S,Zn: C, 27-3; H, 1-7%). 

5-Amidinothio-2 : 4: 6-irihydroxypyrimidine (III).—(a) To a solution of 5-bromobarbituric 
acid (Bock, Ber., 1922, 55, 3400) (1 g.) in ethanol (40 c.c.), thiourea (0-385 g.) in ethanol (25 c.c.) 
was added dropwise with stirring. The precipitate, which was formed immediately, was 
collected after the mixture had been warmed on the steam-bath for } hr. The product (1 g.) 
was washed with ethanol and dried at room temperature. It did not melt below 325° and 
gave a negative test for bromide ion after sodium fusion (Found: C, 28-8; H, 3:2; N, 26-4; 
S, 14:9. C;5H,O;N,S,4H,O requires C, 28-8; H, 2:9; N, 26-5; S, 15-2%). 
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(b) To a solution of 5 : 5-dibromobarbituric acid (Bock, Joc. cit.) (2-0 g.) in ethanol (15 c.c.), 
thiourea (0-65 g.) in ethanol (35 c.c.) was added dropwise with stirring. The product was 
isolated as described above. It did not melt below 325° and had the same ultra-violet 
absorption spectrum as the product obtained from 5-bromobarbituric acid (see Table 1). 


TABLE 1. Ultra-violet absorption spectra of substituted pyrimidines. 
Subst. at posn. 


Solvent Amin. (Mp) Amax. (mye) log 19 Emax. 

Br v-N 249—250 281 3-95 

Br -N 247 274 4-02 

> N-N, 230 267 4-03 

H,N-C(°NH)S— 1? A 232—234 253—255 3-75 

-§-S-13 238—240 262—263 4-20 

294—297 258—262 5-33 

315—320 4-84 

Br 238 269 5-18 

242 269 4-03 

-S-S- n-NaOH 250 285 4-24 
1 The same results were obtained with materials prepared from both mono- and di-bromobarbituric 
acid. * The same results were obtained with the disulphide and its yellow sodium salt obtained by 
precipitation with alcohol. * Dibromobarbituric acid in aqueous solution showed only end absorption. 


The products obtained by both methods had identical infra-red spectra (Nujol mull), with 
peaks at 1780(sh), 1700(s), 1674(s), 1650(ms), 1625(s), 1597(s) (broad) cm.-}. 

Di-(2 : 4 : 6-trihydroxypyrimidin-5-yl) Disulphide——A solution of 5-amidinothio-2: 4: 6- 
trihydroxypyrimidine (0-9 g.) in N-sodium hydroxide (15 c.c.) was heated on the steam-bath 
for } hr. The hot solution was clarified by filtration and, after cooling, an equal volume of 
ethanol was added. The yellow crystalline disodium salt of di-(2 : 4 : 6-trihydroxypyrimidin- 
5-yl) disulphide was collected and, after being dried at room temperature, did not melt below 
320° (Found, by flame photometry: Na, 13-2. C,H,O,N,S,Na, requires Na, 12-7%). 

A solution at room temperature of the sodium salt was quickly brought to pH 1 by the 
addition of a few drops of concentrated hydrochloric acid, and then cooled to 0° (if the 
acidification was not carried out quickly, slight decomposition indicated by a smell of thiol 
was observed). The disulphide was collected by filtration and reprecipitated once more from 
alkaline solution. It formed colourless crystals, m. p. 263—264° (Found, in material dried 
at 50°/0-1 mm.: C, 27-9; H, 2-9; S, 18-9. C,H,O,N,S,,2H,O requires C, 27-6; H, 2-9; S, 
18-6. Found, in material dried at 100°/0-1 mm.: C, 30-1; H, 2-3. C,H,O,N,S, requires 
C, 30:2; H, 1:9%). The pointed needle-like crystals are highly birefringent and show both 
parallel and oblique extinction between crossed nicols of a polarising microscope. The oblique 
extinction angle was 20°. This disulphide was obtained in the same way from the isothiourea 
derivative prepared from dibromobarbituric acid. The two products had the same m. p. 
which was not depressed by admixture. They had identical ultra-violet absorption spectra 
(see Table 1), and their infra-red spectra (Nujol mull) both showed peaks at 1690(s) (broad), 
and 1610(s) (broad) cm.-}. 

6-A mino-5-bromo-2 : 4-dihydroxypyrimidine.—6-Amino-2 : 4-dihydroxypyrimidine (Conrad, 
Annalen, 1905, 340, 312) (12-7 g.) was suspended in carbon disulphide (125 c.c.), and bromine 
(16 g.) was added dropwise with stirring. After 12 hr. at room temperature, the mixture was 
boiled under reflux for 3 hr., and the reddish-brown product was freed under reduced pressure 
from carbon disulphide and excess of bromine. The pale yellow residue was washed first by 
trituration with warm water and filtered, then, on the filter, with further quantities of water 
until the filtrate was free from bromide ions, and finally with alcohol. The material (19-5 g.) 
was recystallised from hot water (1 g. from 625 c.c.) giving cream-coloured dendritic crystals 
of the bromopyrimidine which sublimed at 270° but did not melt below 350° (Found: N, 
20-4. C,H,O,N,Br requires N, 20-4%). 

Di-(6-amino-2 : 4-dihydroxypyrimidin-5-yl) Sulphide.—(a) 6-Amino-5-bromo-2 : 4-dihydroxy- 
pyrimidine (5-6 g.) was dissolved in boiling ethanol containing 10% of water (4-5 1.), and a 
solution of thiourea (2-07 g.) in ethanol (150 c.c.) was added with stirring. The formation of 
a yellow precipitate began immediately, and during the addition the colour changed to deep 
orange. The mixture was boiled under reflux for 24 hr., cooled to room temperature, and 
filtered. The solid (2:3 g.), which was essentially 5-amidinothio-6-amino-2 : 4-dihydroxy- 
pyrimidine contained up to 5% of bromine which could not be removed by washing with 
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water. The filtrate was concentrated under reduced pressure to 400 c.c., and a further quantity 
of material (0-6 g.) was obtained. The combined solids were extracted with boiling methanol 
(100 c.c.). After filtration the yellow supernatant liquid was concentrated to 30 c.c. under 
reduced pressure and filtered from a small amount of insoluble reddish material. Addition of 
an equal volume of ether gave a yellow flocculent precipitate which was collected, washed with 
a few small portions of ether, and dried in air. The yellow crystalline product sublimed at 
approx. 290° but did not melt below 300°. It gave a positive test for bromine after sodium 
fusion (Found: C, 22-1; H, 3-4; S, 10-9; N, 24-4. C;H,O,N,SBr requires C, 21-3; H, 2-8; 
S, 11:3; N, 24-8%). The orange-red residue left after extraction with methanol still gave a 
faint positive test for halogen after sodium fusion, but was not investigated further at this 
point. In one experiment on a small scale, an intermediate was obtained which was free from 
halogen. It formed anisotropic crystals which did not melt below 350° (Found: C, 29-7; H, 
3:7; S, 16-5. C;H,O,N;,S requires C, 29:8; H, 3-5; S, 15-9%) [infra-red spectrum: peaks 
at 1785(w), 1720(s), 1620(s) (broad), and 1515(m) cm.]. This isothiourea derivative (or the 
crude material containing a trace of bromine) (1-85 g.) was dissolved and boiled in N-sodium 
hydroxide (40 c.c.) for 3 hr. A deep purple colour was initially formed and quickly faded to 
light yellow. The hot solution was filtered (charcoal), cooled, and treated with acetic acid 
until precipitation was complete. The sulphide (1-63 g.), which tended to form a colloidal 
suspension, was collected and reprecipitated as white prisms by addition of acetic acid to its 
solution in sodium phosphate buffer at pH 9 (Found: C, 33-8; H, 3-3; N, 29-6; S, 11-6. 
C,H,0,N,S requires C, 33-8; H, 2:8; N, 29-6; S, 11-:3%). 

(b) 6-Amino-5-bromo-2 : 4-dihydroxypyrimidine (1 g.) was suspended in water (50 c.c.) 
and dissolved by addition of a few drops of 5% aqueous sodium hydroxide. A solution of 
thiourea (0-38 g.) in water (25 c.c.) was added and the mixture was boiled under reflux for 
14 hr. The initial yellow colour faded and a cream-coloured microcrystalline precipitate was 
formed. It was collected, washed with water, ethanol, and ether, dried, and recrystallised 
from 5% aqueous disodium phosphate with the addition of a few drops of N-sodium hydroxide 
to effect dissolution. The sulphide was readily soluble in water at pH 11, but was reprecipitated 
at pH 8. It did not melt below 350° (Found: C, 33-6; H, 3-6%). 

The products obtained by methods (a) and (b) had identical ultra-violet absorption (see 
Table 1) and infra-red spectra (Nujol mull), showing peaks at 1790(w), 1740(m), 1700(s), 1625(s) 
(broad), 1590(sh), and 1515(w) cm... For comparison, measurements were made of the infra- 
red spectra of 6-amino-2: 4-dihydroxypyrimidine [peaks at 1727(m), 1695(ms), 1655(sh), 
1625(s), 1597(s), and 1530(m) cm.], and di-(2 : 4-dihydroxy-6-methylpyrimidin-5-yl) disulphide 
(Maggiolo and Hitchings, Joc. cit.) [peaks at 1730(s), 1706(s), 1665(s), and 1590(m) cm.~*]. 

TABLE 2. Polarographic behaviour of substituted pyrimidines in alkaline solution. 
Disulphide Solvent Ey (volts) 


Di-(2 : 4-dihydroxy-6-methylpyrimidin-5-yl) ............ 0-05N-KOH _0-35 
0-1n-NaOH 3 san 
Di-(2 : 4: 6-trihydroxypyrimidin-5-yl) * —..............065. 0-05N-KOH —0-5 
Di-(6-amino-2 : 4-dihydroxypyrimidin-5-yl) ............... 0-1N-NaOH —0-25 
Di-(2 : 4-dihydroxypyrimidin-5-yl) ............... sce eee eee eee 0-1N-NaOH —0°3 


« The same result was obtained with the sodium salt of this compound obtained by precipitation 
with alcohol. The identical cathodic half-wave potential was observed in 0-05N-sulphuric acid with 
the addition of gelatin. 


Polarographic Determinations (see Table 2).—Measurements were made with a Tinsley 
automatic recording polarograph (capillary drop-time, T, =3-5 sec.) Concentrations were 
approx. 10“m. The zinc salt of 5-mercaptouracil gave only the expected reduction wave 
of the zinc ion in alkaline solution at —1-:2 v. The following compounds gave no cathodic 
wave in 0-1N-sodium hydroxide: 6-aminouracil, 6-methyluracil, barbituric acid, 4: 6-di- 
mercaptopyrimidine, di-(6-amino-2 : 4-dihydroxypyrimidin-5-yl) sulphide. 


The authors thank Mrs. B. Lamb for helpful advice concerning the polarographic investi- 
gations. The infra-red spectra were recorded on a Perkin-Elmer double beam spectrometer 
under the direction of Dr. G. D. Meakins. Grateful acknowledgment is made to the British 
Empire Cancer Campaign for financial assistance. 
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Infra-red Spectra of Carbohydrates. Part III.* Characterisation of 
Deoxy-compounds. 


By S. A. BARKER, E. J. BourRNE, R. STEPHENS, and D. H. WHIFFEN. 
[Reprint Order No. 5541.] 


A single ring-methylene group in (a) a quercitol, and (b) a 2- or 3-deoxy- 
derivative of pD-glucopyranose, D-mannopyranose, or D-galactopyranose, 
gives absorption attributable to a CH, rocking mode at 853 + 6 and ca. 
867 cm.-}, respectively. This should assist in the identification of a deoxy- 
sugar and in distinguishing between a quercitol and an inositol. Absorption 
characteristic of a C-methyl group in derivatives of cyclohexane (including 
cyclitols) appears at 967 + 6cm.. Additional evidence is obtained for the 
assignment of the type 2c peak to an equatorial hydrogen atom. 


As part of a general study of infra-red spectra of carbohydrates (Barker, Bourne, Stacey, 
and Whiffen, Chem. and Ind., 1953, 196; J., 1954, 171; Barker, Bourne, Stephens, and 
Whiffen, Part Il; * Barker, Bourne, and Carrington, J., 1954, 2125), attempts are being 
made to determine the characteristic frequencies of certain groups commonly encountered 
in carbohydrate structures. Although it is not strictly correct to attribute a given frequency 
solely to a vibration of one particular group in a compound, such an assignment is valuable 
as a first approximation and may well be useful in subsequent determinations of structures 
of compounds of the same type. The present communication records the results of a study 
of the characteristic frequencies of ring-methylene and C-methyl groups occurring in deoxy- 
sugars and in certain cyclitols. 

In an analysis of the infra-red spectra of cyclohexane and tetrahydropyran, Burket and 
Badger (J. Amer. Chem. Soc., 1950, 72, 4397) assigned vibrations involving the deformation 
modes of methylene groups to the four following frequency ranges : scissors (or deformation), 
1360—1470 cm."!; twisting, 1280—1380 cm.; wagging, 1170—1300 cm.1; and rocking, 
750—1160 cm.4. Our spectra were determined on mulls in liquid paraffin, over the range 
730—1000 cm.-} (as in the earlier work), and so presumably only the rocking mode of the 
methylene group was likely to be observed. 

Sheppard and Simpson (Quart. Reviews, 1953, 7, 19) have pointed out that an isolated 
methyl group attached to a heavy framework, such as a paraffin chain, has three internal 
deformation vibrations, two doubly degenerate vibrations appearing in the frequency 
range 1440—1470 cm.-1, the third being a symmetrical deformation mode near 1380 cm."}. 
Each methyl group has also three external vibrations, vzz., two rocking modes displayed in 
the range 800—1250 cm."!, and a torsional motion of the group about the CH,—C linkage, 
whose frequency is below 300 cm.!. Thus, for the C-methyl group, as for the methylene 
group, our attention was confined to the rocking modes. 


Experimental.—The method for determination of the spectra and the precautions taken to 
check the purity of each compound examined were as given in Part II. The Tables show the 
frequencies (cm.~1) of the absorption bands, together with indications of their relative intensities. 


DISCUSSION 


Because of the complexity of the spectra in the frequency range under consideration, 
it was virtually impossible solely on the basis of the aforementioned work to identify any 
particular absorption peak with the methylene or C-methyl group. Consequently an 
alternative procedure was adopted: the spectrum of each compound containing one of 
these groups was compared with the spectra of structurally related compounds devoid of 
the group, and any additional peaks were noted. Comparison of the extra peaks over the 
whole series of deoxy-compounds then enabled assignments to be made. 

Ring-methylene Groups.—(a) In cyclitols. Table 1 records the spectra of three penta- 
hydroxycyclohexanes (for the generic name “ quercitols’’ see Angyal and Macdonald, 


* Part II, J., 1954, 3468. 
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Infra-red Spectra of Carbohydrates. 
TABLE 2. Frequencies of C-methyl groups in cyclitols. 


Frequencies (cm.~) of absorption peaks 


No. of - A 
equatorial Other CH, Other Type Type Other 
2c? peaks 


H atoms peaks rocking peaks 1? 


Compound and structure 


cr 


981 vs _- -_— 


scylloInositol 


< Mytilitol 995vs 963s 947m 


Hydroxymytilitol 997 vs 926 w 


\ 


c 


mesoInositol 997 vs 928m 896s 890s 


isoMytilitol 997 vs 902 w 


ay, 


[—" CH,-OH 


Hydroxyiso- 


mytilitol $89 m 


1003 vs 


TABLE 3. Deoxy-derivatives of hexopyranose sugars. 


Frequencies (cm.) of absorption peaks 
- eee - 

Other 

peaks 


Includes C-O-C_ 
vibrations 
969 m 


Type 
1? 


Compound 
Tetrahydropyran 
a-b-Glucopyranose 

1:2:3:4:6-penta- 942 vs; 935 vs; 
O-acetyl- 91ls 


875s 
914s 
905 s 


886 m 


902s 876 w 


1:3: 4: 6-tetra-O- 
acetyl-2-deoxy- 
2-acetamido- 
1:3:4:6-tetra-O- 
acetyl-2-deoxy- 
B-p-Glucopyranose 
2-deoxy- 
Methyl a-p-glucopyr- 
anoside 
2-deoxy- 
Ethyl a-p-glucopyr- 
anoside 
2-deoxy- 
2 : 3-dideoxy- 


Methyl a-p-mannopyr- 
anoside 
3-deoxy- 
Methyl £-p-galacto- 
pyranoside * 
2-Deoxy-f-p-galacto- 
pyranose ® 
Methyl a-p-galacto- 
pyranoside 
2-deoxy- 


956s; 927 vs; 
9lls 
942 vs; 914 w 


968s 


914s 


938m; 917s 
921m 


972s 
972 vs; 950s 


896 w 


909 m 
906 s 


896s 
896s 


884 m 
888 m 


914.w 


940 m 


936 s 


923s 


933s 


896 vs 
891s 


884 w 


856 w * 


888 w 


88l w 
868s 


875s 


868s 818 vs 


884 m 817s 


* Possibly due to a trace of the «-anomer. * Also 821 cm.-! (vw). &% Also 808 cm." (s). 

J., 1952, 686), and in each case comparison is made with the spectra of the two hexahydroxy- 
cyclohexanes (generic name, “ inositols ’’) which result when the methylene group is replaced 
by the grouping CH(OH). Each quercitol shows a strong peak at ca. 853 cm.“ which is not 


displayed by the corresponding inositols; a similar peak is given by the two quercitol 
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penta-acetates examined, but not by scyd/oinositol hexa-acetate. For all five compounds 
containing the ring methylene group, the peak has a mean frequency of 853 cm."! with a 
small standard deviation of --6. 

Although it is hoped to deal with other aspects of the spectra of these and other cyclitols 
in a future publication, it is interesting to note that some of the compounds listed in Tables 1 
and 2 give rise to an absorption peak at 895 + 6 cm."!, which seems to correspond to the 
type 1 vibration in the hexopyranose series [«-glucopyranoses, 917 -+- 12; @-glucopyranoses, 
920 +-5cm.1! (Part I)), and is possibly due toaring vibration. Likewise they show bands 
at ca. 750 cm.!, which may well be the counterparts of the type 3 vibrations of hexo- 
pyranoses {glucopyranoses, 753 -+- 17; galactopyranoses, 752 -- 20; mannopyranoses, 
791 -+- 18 (Part II)], and are possibly ring breathing frequencies. It is particularly inter- 
esting that the peak at 873 +. 11 cm."! (Tables 1 and 2) is shown only by those compounds 
with equatorial hydrogen atoms [the chair form with the greater number of equatorial 
oxygen atoms is assumed (cf. Hassel and Ottar, Acta Chem. Scand., 1947, 1, 929)], since 
the type 2c peaks in galactose (871 + 7 cm."1) and mannose (876 -++ 9 cm.“}) derivatives 
were attributed (Part II) to deformation of equatorial C-H bonds. Indeed this excellent 
agreement between configurations and spectra offers general support for the accepted 
structures of the cyclitols examined and affords a useful method of resolving future structural 
problems in this field. 

(b) In hexopyranoses. Comparison of the spectra of 2- and 3-deoxyglucopyranose 
derivatives with those of closely related compounds which do not possess a methylene group 
(Table 3) clearly reveals that the deoxy-compounds give an additional peak at 867 -|- 2 
cm.!; this peak is of moderate or strong intensity for the free sugars or their glycosides. 
Similarly, an extra peak is encountered in the spectra of methyl 3-deoxy-«-p-manno- 
pyranoside, 2-deoxy-$-p-galactopyranose, and methyl 2-deoxy-«-b-galactopyranoside 
(fable 3), but in these cases the situation is complicated by the presence of a type 2c peak. 
However, it seems that infra-red spectra could be usefully employed to distinguish deoxy- 
sugars (for 6-deoxy-sugars see below), special care being necessary when there is a possibility 
that the methylene group replaces a CH(OH) group having the hydrogen atom equatorial. 

(c) Assignment. There can be little doubt that the peaks at 853 +. 6 cm." in quercitols 
and at 867 +. 2 cm." in 2- and 3-deoxyglucopyranose derivatives arise from ring-methylene 
groups. Burket and Badger (loc. cit.) assigned a similar frequency (856 cm.~4) to a rocking 
mode involving all five methylene groups in tetrahydropyran. The fact that no analogous 
peak is present at 850—870 cm. in the spectra of D-xylopyranose derivatives in general 
(Part II), in spite of the fact that a ring-methylene group is present at position 5, suggests 
that a single methylene group next to the oxygen atom in the pyranose ring may absorb 
at a different frequency from a ring-methylene group in another position. Indeed there is a 
precedent for this, as Burket and Badger (loc. cit.) have suggested that overlapping of the 
van der Waals radii of the polar hydrogens of the methylene groups, which is enhanced 
when these are situated on either side of the ring oxygen, by virtue of the short C-O bond 
length, causes the increase in one of the methylene rocking vibrations from 856 cm.~? in 
tetrahydropyran to 1052 cm. in 1:4-dioxan. Absorption peaks at 933, 938, and 935 
cm. ! in the spectra of «-D-xylopyranose, methyl «-D-xylopyranoside, and methyl! (-p- 
xylopyranoside, respectively, which are not shown by the corresponding derivatives of 
glucopyranose, must also be considered for a rocking methylene frequency, but no con- 
vincing assignment can yet be made because, although other pentopyranoses absorb in this 
region, so do many of the corresponding hexopyranose derivatives; the difficulty arises 
mainly because other vibrations, including C-O stretchings, lead to absorption in this 
frequency range. 

C-Methyl Groups.—(a) In cyclitols. In Table 2 the spectra of two cyclitols containing 
»agle C-methyl groups are compared with those of related cyclitols in which the C-methy] 
groups are replaced (a) by hydrogen atoms and (6) by C-hydroxymethyl groups. In each 
case there is a strong peak at 963 cm.-! which is not shown by the reference compounds. 
Similar comparisons of spectra between methylcyclohexane and cyclohexane, between 
| : 1-dimethyleyclohexane and cyclohexane, between trans-1 : 2-dimethyleyclohexane and 
trans-cyclohexane-1 : 2-diol, and between cis-1 : 2-dimethylcyclohexane and _ cis-cyclo- 
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hexane-1 : 2-diol, reveal a strong additional peak in each C-methyl compound at ca. 
967 cm.~! (respective values, 967, 962, 966, 977 cm.-1) (cf. American Petroleum Institute 
Research Project No. 44). Thus in six cases the appearance of an absorption peak at 
967 +- 6 cm. can be correlated with the introduction of a C-methyl group into a cyclo- 
hexane derivative. 

(b) In hexopyranoses. All seven 6-deoxy-derivatives of mannose or galactose so far 
examined (Part II) give an absorption peak near 967 cm.!. It would be unwise, however, to 
attempt to use this frequency for the identification of 6-deoxy-sugars, because confusion 
with frequencies attributable to the in-phase C—O stretching mode of ethers and esters is 
probable. 

(c) Assignment. The assignment of C-methyl rocking frequencies in paraffins has 
provoked much discussion (cf. Sheppard and Simpson, Joc. cit.) owing to the fact that 
vibrations of the same symmetry class involving the methyl rocking mode and skeletal 
vibrations may become mixed. However, the methyl rocking mode (in-plane, asym- 
metrical) of m-propane has been assigned to 923 cm.!; and the 2-methyl derivatives of 
pentane, heptane, octane, and nonane all show infra-red absorption at 950—961 cm."}, 
which has been ascribed to either C-C stretching or methyl rocking (Sheppard and Simpson, 
loc. cit.). It appears therefore that the assignment of one of the C-methyl rocking modes in 
simple derivatives of cyclohexane, in cyclitols, and probably also in 6-deoxyhexopyranoses, 
to the absorption band appearing at ca. 967 cm."! is reasonable. 
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The Photoisomerisation of Some Chloronitroso-terpenes. 
By A. J. N. Hope and STOTHERD MITCHELL. 
[Reprint Order No. 5547.] 


On exposure to light of suitable wave-length, the 2-chloro-2-nitroso- 
derivatives of pinocamphane, carane, and p-menthane all show a small batho- 
chromic displacement of the nitroso absorption band. In this respect they 
resemble 2-chloro-2-nitrosocamphane (/., 1953, 3483) but differ from it in 
that their rotatory dispersion curves are not inverted on irradiation. From 
these results and from kinetic measurements it is concluded that an 
isomerisation of the normal->iso type is involved in each case. Spatial 
configurations are suggested for the isomeric forms. 


As an extension of work on the photochemistry and optical properties of chloronitroso- 
compounds, the terpene derivatives (II), (III), and (IV) have now been prepared and 
examined. Some data are also included for the structurally related material (V). 


(IV) (V) 
While studying the rotatory dispersion of (—)-2-chloro-2-nitrosocamphane (I), Mitchell, 
Watson, and Dunlop (J., 1950, 3440) found that both mutarotation and photolysis result 
from irradiation. Hope and Mitchell later (/., 1953, 3483) showed that exposure to red 
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light produced a slight bathochromic displacement of the absorption and rotatory 
dispersion curves, in addition to the inversion of the latter previously observed. The 
product of photomutarotation was isolated and proved to be isomeric with the starting 
material. It was also shown how a photo-electric estimation of concentration would 
allow for photolysis and permit the calculation of specific rotations which give the true 
course of mutarotation. This procedure renders unnecessary the isolation of pure 
rearranged product, and has now been applied to compounds (1)—(III) which have been 
irradiated in alcoholic solution with mercury yellow light (Table 1). 

For (I) the specific rotation falls to a final value of opposite sign, but for (II) and (III) 
it decreases to a limiting value of the same sign. Attainment of this final value [a]. 
gives the time at which rearrangement is complete. When log {{«],; — [«].} is plotted 
against time a straight line is obtained in each case (Fig. 1), indicating a reaction of the 


first order. 


TABLE 1. Effect of irradiation on the specific rotation of (1), (II), and (III). 

Time (hr.) 0 0-25 0-50 1-00 1-25 1-50 2-00 4-00 6-00 12-00 

(I) [&]eo25 + 947° + 804° + 652° + 374° + 280° + 181° + 18° —341° —455° —510° 

(II) [«]5s09 — 390° — 351° — 320° — 281° — 263° — 248° —221° —182° —167° —167° 
(111) [ +1790° +1452° +1338° +1271° +-1250° +1250° — — - 


18-00 
— 510° 
~165° 


L%! 5950 
Fic. 2. 

Time hr.) for(1) and (Il 

4 8 12 


S 
(Il) PUD (1) voy 3 607 


> 
%& 


1 


fog € for (il), (IV), and (V) 


2 3 
Time (hr.) 


3 6 9 12 
Time (hr) for (Ill), (IV), and (V) 


TABLE 2. Rotations and absorptions for compounds (I1)—(V). 


2-Chloro-2-nitrosopinane | 


(II) 


2-Chloro-2-nitrosocarane 
(IIT) 


2-Chloro-2-nitroso-p- 
menthane (IV) 


2-Chloro-1-methyl-2- 
nitrosocyclohexane (V) 


t 


Before irradiation 
dat Emax 6350 A 
[ot] max. +390° at 6600 A 
A at [a] = 0° 6300 A 
[c} min. 
A at Emax. 
[o] max. 
Aat [a] = 0° 
(e] min. 


—390° at 5750 A 
6675 A 
+1800° at 5900 A 

2 


6620 
—1600° at 6850 A 


6570 J 
—247° at 5900 A 


6850 A 
Inactive 


After isomerisation 
6450 A 
+210° at 6700 A 
6400 A 
—180° at 5850 A 
6750 A 
+1126° at 5975 A 
6680 
—1265° at 6925 A 
6885 A 
+353° at 7100 A 
6570 A 
—247° at 5900 A 
6850 A 
Inactive 


Displacement 
100 A 


100 A 

75 A 

60 A 

A 
Undetectable 


None 


Table 2 contains optical data for compounds (II)—(V) which show considerable 


differences in 


individual behaviour. 
absorption curves are all bathochromic, and are most pronounced for (II). 
values of specific rotation are given by (III). 


The displacements of rotatory dispersion and 


The largest 


During irradiation there is no change in 


the specific rotation of (IV), but the expected bathochromic shift of the absorption band 
is just detectable. Compound (V) has not been resolved into its enantiomorphic forms, 
and no displacement of the absorption curve was observed on irradiation. 
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A study of the kinetics of photolysis for (V) led to the development of a new method 
of detecting photoisomerisation, which has found particular application in the case of 
(IV). The plot of log « against time shows a linear relation only with (V) (Fig. 2), 
where cis-trans skeletal rearrangement is impossible. In all other cases there is an initial 
curved part which later simplifies into a straight line. The inflection gives the time at 
which a complex process, consisting of (a) photolysis of the original molecule, (d) 
rearrangement of the original molecule, and (c) photolysis of the rearranged molecule, 
resolves into (c) alone, which conforms to kinetics of the first order. The times for 
complete isomerisation found from the points of inflection of curves (I), (II), and (III) 
in Fig. 2 agree well with those required for the specific rotation to reach the limiting 
values recorded in Table 1. Finally, we have calculated velocity constants for the 


TABLE 3. Velocity constants for photoisomerisation and photolysis. 


Compound (1) (11) (III) (IV) 


Photoisomerisation k, aed ie ksivioeetcicies'| ae 0-66 3-40 — 
Photolysia By: Gap iiss. cs cssebsecsccasespscse ©0090 0-005 0-74 0-107 


photolysis of the rearranged molecules from the straight parts of the graphs in Fig. 2 
These are given in Table 3 along with the velocity constants for photoisomerisation 
obtained from the slopes of the lines in Fig. 1. 


DISCUSSION 


The interchange of the NO and Cl groups on C,) in these compounds requires inversion of 
their Cotton effects. This has been shown io take place with (I) (Hope and Mitchell, loc. cit.), 
but with the others the rotatory dispersion curves do not invert on irradiation and we interpret 
the isomerisation as being of the type pinocamphone —-» isopinocamphone, carone —> 
isocarone, carvomenthone —-» isocarvomenthone for (II), (III), and (IV), respectively, 
as the ketones used for starting materials are predominantly of the normal form. Such 
isomerisation is impossible in (I) because of the locking effect of the 1 : 4-bridge on the 
stereochemistry of C,), and rearrangement proceeds by interchange of the NO and Cl 
groups in such a way as to accommodate the excited chromophore in the more stable 
endo-position relative to the bridge (cf. Shoppee, Chem. and Ind., 1952, 86; Barton, /., 
1953, 1040). In each of the other three structures, however, rearrangement of the 
molecular skeleton appears to take place more readily than inversion of the groups on 
Cy), and the excited nitroso-group again becomes endo to the bridge in (II) and to the 
methyl group in (III) and (IV). Since, in addition, the sign of the Cotton effect gives the 
spatial arrangement of the groups on Cy) in each case, the following configurations may 
be assigned to the isomeric forms. 


N N /NO NO 
NO \_/NO “A \ we edl 


roe 
rn >n- IN | 4. ae 
RNa Rp)*e Sie LY “ 


normal iso normal iso normal 1s0 
, ‘ 


J — 


, 
we 
2-Chloro-2-nitroso-p-menthane 


me oe = — ae 
2-Chloro-2-nitrosopinane 2-Chloro-2-nitrosocarane 


EXPERIMENTAL 


All the chloronitroso-compounds were prepared in subdued light. 

Materials.—(—)-Pinocamphone. Distillation of oil of hyssop gave a fraction, b. p. 212— 
214°/741 mm. This crude pinocamphone was purified through the semicarbazone which 
after recrystallisation from a large volume of methanol had m. p. 228—230°. The ketone 
was regenerated by steam-distillation with oxalic acid, and then redistilled (b. p. 208— 
209°/745 mm., n}” 1-4743, ap —19-7°). 
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(++)-2-Chloro-2-nitrosopinane. Oximation of the above ketone by Cook and Bachmann’s 
method (J., 1936, 79) gave a product which after distillation had b. p. 83°/0-4 mm., a) —18-9°. 
This oxime (4 g.) was dissolved in dry ether (100 ml.), and chlorine passed in for 14 hr. 
Removal of the solvent and excess of chlorine under reduced pressure left the chloronitroso- 
compound as a blue oil which distilled under a vacuum (b. p. 47°/0-4 mm.) (Found: Cl, 17:5. 
C49H,,ONCI requires Cl, 17-6%). 

(+)-Carone. Commercial (+)-carvone had b. p. 231—233°/755 mm., n{* 1-4980, ap +.56-5°. 
Reduction by Wallach’s method (Amnalen, 1894, 279, 377) resulted in saturation of the double 
bond conjugated with the carbonyl group, and purification of the product through the bisulphite 
compound gave dihydrocarvone, b. p. 88-5°/11-2 mm., n° 1-4703, a) —15-93°. Dry hydrogen 
chloride was passed into the ketone at 0°, until an increase in weight corresponding to 120% 
of the theoretical amount had occurred (Klotz, J. Amer. Chem. Soc., 1944, 66, 88). The 
resulting material still contained unchanged (—)-dihydrocarvone, but further treatment with 
hydrogen chloride gave the required hydrochloride, b. p. 68—70°/0-25 mm., n? 1-4800, ap 

13-07°. Ring closure was effected in alcoholic potassium hydroxide, essentially as described 
by Richter, Wolff, and Presting (Ber., 1931, 64, 877), but modified according to Klotz (/oc. cit.). 
The product had b. p. 86—87°/12-2 mm., n? 1-4781, ap +131°. Removal of unsaturated 
impurities by washing with neutral permanganate solution raised the rotation to +145-6°, 
the other properties remaining unchanged. 

( —)-2-Chloro-2-nitrosocarane. Carone oxime prepared from the above ketone by Cook and 
Bachmann’s method (loc. cit.) had b. p. 123—125°/14 mm., ap) +283°. Dry chlorine was 
passed through a solution of the oxime (1-2 g.) in dry ether (10 ml.) at —10° for] hr. Removal 
of the solvent and excess of chlorine under reduced pressure gave the chloronitroso-compound 
as a blue viscous oil, b. p. 56—57°/0-25 mm. (Found: Cl, 17-7. Cj ,9H,,ONCI requires Cl, 
176%). 

(—)-Cavvomenthone. Redistilled commercial (+)-carvone was hydrogenated as described 
by Read and Johnston (J., 1934, 229) with a palladium hydroxide—calcium carbonate catalyst. 
After 3} hr., 97-89% of the theoretical amount of hydrogen had been absorbed. 

(-++)-2-Chloro-2-nitroso-p-menthane. The crude (—)-carvomenthone contained some carvacrol 
and was oximated in the usual way. The resulting mixture was poured into ice-water, and the 
precipitated oxime was dried on a porous plate and then im vacuo. On recrystallisation from 
low-boiling petroleum, it had m. p. 95—97°, [a]p —30-9° (c, 1:10 in EtOH). This oxime 
(2-5 g.) in dry ether (100 ml.) was chlorinated for 0-5 hr. at 0°. Removal of the solvent and 
excess of chlorine under reduced pressure left the blue non-viscous chloronitroso-compound, 
b. p. 53-5°/0-5 mm. (Found: Cl, 17-3. Cy 9H,gONCl requires Cl, 17-4%). 

2-Chloro-1-methyl-2-nitrosocyclohexane. The oxime of 2-methylcyclohexanone prepared by 
Cook and Bachmann’s method (loc. cit.) had b. p. 114—115°/16 mm. Chlorination of the 
oxime (1 g.) in dry ether (250 ml.) at 0° for 2 hr. yielded an emerald-green solution. Removal 
of the solvent and excess of chlorine under reduced pressure gave the required compound as a 
viscous blue oil, b. p. 67—68°/14 mm. (Found: Cl, 22:0. C,H,,ONCI requires Cl, 22-0%). 

Apparatus and Procedure.—All measurements were made with solutions (c~ 1-5) of the 
chloronitroso-compounds in ethanol (previously freed from dissolved oxygen by distillation 
in nitrogen). The solutions, in sealed 1-cm. cells, were irradiated with a high-pressure mercury 
arc, the yellow doublet being isolated by means of an Ilford filter. Rotation and absorption 
readings were taken at room temperature with the apparatus prevously described (Hope and 
Mitchell, Joc. cit.). The spectrophotometric estimations of concentration were made for each 
material in the same way as for 2-chloro-2-nitrosocamphane, specific rotations being calculated 
during the reaction, and the corrected absorption curves were constructed for the isomerised 
products after irradiation. 
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Anodic Syntheses. Part XII.* Synthesis of cis- and trans-Octadec- 
ll-enoic Acid, with a Note on the Nature of ‘‘ Vaccenic Acid.” 


By D. G. Bounps, R. P. LinsTeap, and B. C. L. WEEDON. 
[Reprint Order No. 5573.] 


The cis- and trans-forms of octadec-1l-enoic acid have been prepared 
from palmitoleic acid by stereospecific routes. The literature on natural 
and synthetic specimens of these two isomeric acids is reviewed. The 
present results support the contention that natural ‘‘ vaccenic acid”’ is a 
mixture in which ¢vans-octadec-11l-enoic acid is the main constituent. 


30TH the cis- and the trans-form of octadec-ll-enoic acid have been reported to occur 
naturally. The cis-isomer was identified by Morton and Todd (Biochem. J]., 1950, 47, 327) 
with the hemolytic factor of horse brain, and was later shown by Hofmann ef al. 
(Hofmann, Lucas, and Sax, J. Biol. Chem., 1952, 195, 473; Hofmann and Sax, :bid., 
1953, 205, 55) to be the principal unsaturated fatty acid in Lactobacillus arabinosus and 
L. casei. Many years earlier Bertram (Biochem. Z., 1928, 197, 433) isolated ‘‘ vaccenic 
acid’ from ox and sheep body fats and from butter fat, and assigned to it the trans- 
octadec-1l-enoic acid structure, from degradative and elaidinisation studies. 

Vaccenic acid, although only a minor constituent of fats, has attracted considerable 
attention for two reasons. First, it was until recently the only natural monoethenoid 
acid known with a ¢frans-configuration. Secondly, it was at one time reported to be a 
growth-promoting factor for rats. This claim has not, however, been confirmed by 
subsequent investigations (for references see Gupta, Hilditch, Paul, and Shrivastava, /., 
1950, 3484; also Ann. Rev. Biochem., 1952, 21, 349). It is possible that vaccenic acid 
is merely the product of some secondary changes in the natural c7s-glycerides, and that 
no special biological significance attaches to it (cf. adem, loc. cit.; Swern, Knight, and 
Eddy, J. Amer. Oil Chem. Soc., 1952, 29, 44). 

The difficulties encountered in isolating ‘“‘ vaccenic acid’’ have lead to a search for 
alternative methods of preparation. Partial reduction of elaeostearic (octadeca-9 : 11 : 13- 
trienoic) acid, or its esters, is reported to be a convenient route (Béeseken, van Krimpen, 
and Blanken, Rec. Trav. chim., 1930, 49, 247; Groot, Kentie, and Knol, zbid., 1947, 66, 
633; Woltemate and Daubert, /. Amer. Chem. Soc., 1950, 72, 1233), but it is doubtful 
whether any of the products obtained in this way has been homogeneous (cf. Gupta e¢ al., 
loc. cit.; Begemann, Keppler, and Boekenoogen, Rec. Trav. chim., 1950, 69, 439). 

A total synthesis was first devised by Strong and his collaborators (Ahmad, Bumpus, 
and Strong, J. Amer. Chem. Soc., 1948, 70, 3391), who used acetylenic intermediates to 
prepare octadec-ll-ynoic acid, and partially reduced the latter over Raney nickel to 
cis-octadec-ll-enoic acid. Elaidinisation then furnished a mixture from which trans- 
octadec-1]1-enoic acid wasisolated. It hada melting point and infra-red absorption spectrum 
very similar to those of a highly purified specimen of natural vaccenic acid, but differed 
from the latter in its X-ray diffraction properties (Benedict and Daubert, ibid., 1949, 
71, 4113). Having carefully confirmed the structure of the synthetic acid by degradation, 
and thus excluded the possibility of any appreciable double-bond migration during the 
elaidinisation step, Strong e¢ al. suggested that the differences were due to the presence 
of isomeric acids in the natural material (Bumpus, Taylor, and Strong, zbid., 1950, 72, 
2116). The conclusion that ‘‘ vaccenic acid ’’ is heterogeneous has also been drawn by 
Hilditch and his co-workers (loc. cit.). They state that all the samples examined by them 
yielded mixtures of mono- and of di-carboxylic acids on oxidation, and that ‘‘ vaccenic 
acid ’’ is therefore “‘ a mixture of more than one trans-ethenoid acid, and certainly contains 
trans-octadec-10-enoic as well as trans-octadec-1l-enoic acid.”’ This view is not, however, 
shared by Begemann, Keppler, and Boekenoogen (/oc. cit.) who examined chromato- 
graphically the diacid fraction produced by oxidation of a sample of vaccenic acid from 
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butter fat, and concluded that “ hendecanedioic acid is obtained exclusively ”’ as required 
by Bertram’s structure. 

The synthesis of octadec-11l-enoic acid by Strong’s acetylenic route has been repeated, 
with minor modifications and improvements, by several other workers (Fusari, Greenlee, 
and Brown, J. Amer. Oil Chem. Soc., 1951, 28,416; Huber, /. Amer. Chem. Soc., 1951, 78, 
2730; Hofmann and Sax, J. Biol. Chem., 1953, 205, 55; cf. Morton and Todd, Joc. cit.). 
Syntheses by two other routes have also been reported. Reaction of u-pentylmagnesium 
bromide with methyl 13-bromotridec-ll-enoate gave, after hydrolysis, a mixture of 
products from which trans-octadec-1l-enoic acid was separated (Gensler, Behrmann, and 
Thomas, J. Amer. Chem Soc., 1951, 73, 1071; cf. Gensler and Thomas, ibid., 1952, 74, 
3942). Malonate chain extension of palmitoleic (cis-hexadec-9-enoic) acid furnished a 
mixture of cis- and trans-octadec-11l-enoic acid from which the trans-isomer was isolated 
by fractional crystallisation of the lead salts (van Loon and van der Linden, Rec. Trav. 
chim., 1952, 71, 292). 

From the foregoing summary it will be apparent that although cis-octadec-1l-enoic 
acid may be formed from the corresponding acetylenic acid by a partial reduction which 
is nearly, if not entirely, stereospecific (cf. Crombie, Quart. Reviews, 1952, 6, 128), no 
similarly selective synthesis of the tvans-isomer has yet been achieved. Both to furnish 
a convenient route of this type and to provide independent information on the properties 
of cis- and trans-octadec-11l-enoic acid, it seemed worth while to undertake the synthesis 
of these two isomeric acids by the anodic methods described in Part IX of this series 
(J., 1953, 2393). Palmitoleic acid was chosen as the starting material; it is potentially 
readily available being one of the main fatty acids in many marine animal oils (Hilditch, 
“The Chemical Constitution of Natural Fats,’ Chapman and Hall, London, 1947). 


ae Pr HO H 
NG oe —> CH;,’(CH,) Ree (CH,],;>CO,H ——» a noone. nny *CO,H 
CH,°[CH,],“ (CHg],°CO,H (111) 


(1) 


JH CH,(CHy),\ H 
' cat’ 


C=C. = 
CH,*[CH,],“ \{CH,],°CO,H (II) (V) H~ \(CH,],°CO,H 
(Each of the dihydroxy-acids is represented by only one of its enantiomorphs.) 


Electrolysis of palmitoleic acid (I) in the presence of a large excess of methyl hydrogen 
succinate gave methyl adipate (34°) and triaconta-7 : 23-diene (8%), by symmetrical 
coupling of the two components, and, after hydrolysis, cis-octadec-1l-enoic acid (II) by 
crossed coupling. The low yield (12%) of the acid was due mainly to losses incurred in 
purification (via the lithium salt), which proved unexpectedly difficult. It seems probable 
that during the electrolysis some of the palmitoleic acid was esterified with the methanol 
used as a solvent (cf. formation of methyl oleate from oleic acid; Part IX), and that 
subsequent hydrolysis of the crude methyl octadecenoate gave a product contaminated 
with the starting material. Methods of avoiding such disadvantages in small-scale 
reactions involving the chain extension of fatty acids by only a few carbon atoms are now 
being developed and will be reported separately. When the product of cross coupling 
differs appreciably in chain length from the starting materials, no difficulty arises and 
ease of purification of the product is normally one of the chief merits of the anodic route 
to fatty acids. 

Hydroxylation of palmitoleic acid by means of performic acid furnished, by trans- 
addition to the (cis) double bond (cf. Swern, ‘“‘ Organic Reactions,” Vol. VII, p. 378), 
threo-9: 10-dihydroxypalmitic acid (III). The structure of the latter was confirmed by 
oxidation to heptaldehyde and azelaic acid. Electrolysis of the dihydroxy-acid in the 
presence of excess of methyl hydrogen succinate gave methyl adipate (45%), triacontane- 
7: 8:23: 24-tetraol (18%), and, after hydrolysis, threo-11 : 12-dihydroxystearic acid (IV) 
(23%). The dihydroxy-acid, unlike the unsaturated acid, was readily purified by 
crystallisation. By standard procedures of bromination and debromination (cf. Part IX; 
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Ames and Bowinan, J., 1951, 1079), it was then converted into trans-octadec-11l-enoic 
acid in 42% overall yield. The trans-acid was characterised by hydroxylation with 
performic acid to give erythro-11 : 12-dihydroxystearic acid. 

The methods used in the present work were shown in the erucic-brassidic series (Part 
IX) to give pure products without any stereomutation. We therefore feel justified in 


regarding the samples of cis- and trans-octadec-11-enoic acid now obtained as homogeneous. 
Their melting-points, and those of their dihydroxy-derivatives, are compared in the 
accompanying table with the values reported previously for other samples of these acids. 


Melting points of octadec-11-enotc acids and derivatives. 
11 : 12-Dihydroxy- 
Octadec-11-enoic acid stearic acid 
threo 


91-4—93-2° 


Authors erythro 


Hofmann and Sax!... 
Ber tynma.? 03 Redes deccee 
Boer et al.8 Fenians 
Geyer ef al.® ....5..0.0+ 
Begemann eé¢ al.® 

Rao and Daubert ® ... 
Hilditch et al.? 


Béeseken ef al.8 

Groot 66 GIP. 5.0 ssscecsse 

Begemann et al.5 

Woltemate and 
Daubert 1° 

Hilditch et al.” 


Natural 
materials 
and their 

derivatives 


elaeostearic 
route 


38:5—40-5* — — 


Strong et al, 1 


Morton and Todd ?%... 


Fusari et al.8 
Huber 14 


Hofmann and Sax 1 “wt 


Gensler eft al.15 


Synthetic 

materials 

and their 
derivatives 


10-5—12 
10—11 ow 
14-5—15-5 43-6—44 we is 
13-0—14-0 43-5—44-5 129—130  94-5—96 
12-4—13-0 “ _ 92-2—94-0 
ane 45—45-5 t ie ron 


43—44 127—128 93—94 
ORR 9 —_— 
125-5—126 acetylenic 

route 


van Loon and van der 

oer e peer — (38) 
Ps : anodic 
13-5—14:5 43-4—43-7 129 madiiel 


PROSODE. cicxckccceunvesses 93-7—94-0 { 
* Sample shown to contain other acids. 
t Sinters at 44-5°. A sample prepared by a modified procedure had m. p. 44:5—45°. 


Comparison of octadec-11-enoic acid samples. 


cis-Acid trans-Acid. 
M. p. 
10-5—12° } 
13-5—14-5 
13-0—14:0 


Mixed m. p. 
42-5—44° 15 
42-2—43-2 
43-3—43-6 


}  42-0--42-5 4 


Mixed m. p. Sample 
11-3—12-0° 


13-2—14-2 


Sample 
Strong’s ‘ 
BRINE on cen sects an 
Huber’s 
Lg eperee 
SEINE Ds <dsccsees 
Rao and Daubert 
Woltemate and 


13-2—14-0 
13-4—14-4 


L. avabinosus™ ..., 


: } no depression ! 
L. casei 


12-4—13-2! no depression 1° 


m. p. 42-2—42-8°. 
specimen had m. p. 43-2—43-6°. 


1 Hofmann and Sax, J. Biol. Chem., 1953, 205, 55. * Bertram, Biochem. Z., 1928, 197, 433. 
8 Boer, Jansen, and Kentie, J. Nutrition, 1947, 38, 339. 4 Geyer, Nath, Barki, Elvehjem, and Hart, 
J. Biol. Chem., 1947, 169, 227. * Begemann, Keppler, and Boekenoogen, Rec. Trav. chim., 1950, 69, 
439. ® Rao and Daubert, J. Amer. Chem. Soc., 1948, 70, 1102. * Gupta, Hilditch, Paul, and 
Shrivastava, J., 1950, 3484. 8 Béeseken, van Krimpen, and Blanken, Rec. Trav. chim., 1930, 49, 
247. *® Groot, Kentie, and Knol, ibid., 1947, 66, 633. 2° Woltemate and Daubert, J. Amer. Chem. 
Soc., 1950, 72, 1233. 14 Ahmad, Bumpus, and Strong, ibid., 1948, 70, 3391. 4% Morton and Todd, 
Biochem. J., 1950, 47, 327. 33 Fusari, Greenlee, and Brown, J. Amer. Oil Chem. Soc., 1951, 28, 416. 
14 Huber, J. Amer. Chem. Soc., 1951, 78, 2730. 1% Gensler, Behrmann, and Thomas, ibid., 1951, 73, 
1071; cf. Gensler and Thomas, ibid., 1952, 74, 3942. 16 van Loon and van der Linden, Rec. Trav. 
chim., 1952, 71, 292. 17 Hofmann, Lucas, and Sax, J. Biol. Chem., 1952, 195, 473. 
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The melting points of some mixtures of the unsaturated acids from different sources 
are also given. From these data we draw the following conclusions : 

(1) The acid isolated by Hofmann é¢ al. is cis-octadec-ll-enoic acid and identical 
with the sample prepared anodically, and with three of those synthesised by the acetylenic 
route; the remaining two have low melting points, and presumably contain traces of 
impurities (possibly stearic acid formed during the reduction stage; cf. Hofmann and 
Sax, loc. cit.). 

(2) Both the anodic and the acetylenic route yield pure trans-octadec-11-enoic acid. 

(3) The product obtained by Gensler ef al. is probably also the pure frans-acid, but 
the reason for the slightly higher melting point is not clear. 

(4) van Loon and van der Linden’s trans-acid is impure. The authors themselves 
emphasise that no special precautions were taken over purity. It is of interest that 
malonate chain extension of palmitoleic acid, unlike the anodic method, resulted in 
stereomutation (cf. synthesis of nervonic acid; Part X, J., 1954, 448). 

(5) The materials obtained by partial reduction of elaeostearic acid, or its esters, are 
also impure. By carefully controlled oxidations, Begemann e¢ al. (loc. cit.) have shown 
that some samples contain only 25—30% of octadec-11-enoic acid. 

(6) Whilst the published degradative evidence indicates that the various samples of 
natural ‘‘ vaccenic acid’ consist mainly of tvans-octadec-1l-enoic acid, the low melting 
points show that some other acid(s) must be present, as suggested by Hilditch and by 
Strong and their co-workers. This conclusion conflicts with the view of Begemann e¢ al. 
mentioned earlier, but we do not think it is inconsistent with their experimental results. 
These indicate that oxidation of their vaccenic acid may have given small amounts of 
dodecanedioic acid in addition to hendecanedioic acid. The Dutch authors presumably 
attributed this by-product to a secondary reaction, but if that be the explanation, then 
the absence of at least a comparable amount of sebacic acid is surprising. Furthermore, 
and this is no doubt the more important consideration, the iodine value of their vaccenic 
acid indicates that it may have contained some saturated acid (8—9%), which would 
not, of course, have been revealed in their degradation experiments. 

(7) The evidence available from the dihydroxy-acids is consistent with the above 
conclusions. 

EXPERIMENTAL 

M. p.s are corrected. Iodine values were determined by using Rosenmund and Kuhnhenn’'s 
reagent (cf. Benham and Klee, J. Amer. Oil Chem. Soc., 1950, 27, 127). Electrolyses were 
carried out by using the cell ‘‘ B’’ and the general procedure described in Part IX (J., 1953, 
2393). 

Palmitoleic (cis-Hexadec-9-enoic) Acid.—This was isolated from a mixture of sperm-oil fatty 
acids for which the authors thank Messrs. Price’s (Bromborough) Limited. The acids were 
converted into their methyl esters which were fractionally distilled through a Stedman column 
(60 x 2cm.). The fractions, b. p. 127—130°/0-75 mm., mi? 1-4507—1-4465, I.V. 89-5—76-0, 
were hydrolysed and a portion of the resulting mixture of C,,-acids was fractionally crystallised 
from acetone at low temperature, giving palmitoleic acid, m. p. 0-5—1-5°, 7} 1-4583 (Found : 
equiv., 255-0; I.V., 99-5. Calc. for C,,H,,0,: equiv., 254-5; I.V., 99-7) (Baudart, Bull. Mat. 
grasses Inst. colonial Marseille, 1945, 29, 75; Chem. Abs., 1946, 40, 5398, gives m. p. ca. 1° for 
the natural acid; Boughton, Ames, and Bowman, J., 1952, 671, give m. p. 0O—0-5°, n7 1-4585, 
for a synthetic specimen). 

threo-9 : 10-Dihydroxypalmitic Acid.—(a) Oxidation of pure palmitoleic acid (m. p. 0-5 
1-5°; 220 mg.) with performic acid (cf. Swern, Billen, Findlay, and Scanlan, J. Amer. Chem. 
Soc., 1945, 67, 1786), and hydrolysis of the initial product, gave a solid (211 mg., 85%), m. p. 
86-5—87°. Crystallisation from methanol gave thveo-9: 10-dihydroxypalmitic acid as rect- 
angular plates (56%), m. p. 88—88-5° (Found: C, 66-65; H, 11:0. Calc. for C,,H3,0,: C, 
66-65; H, 11-2%) (Baudart, loc. cit., gives m. p. 86—87°; Boughton, Ames, and Bowman, 
loc. cit., give m. p. 85—86°). 

(6) Similar hydroxylation of a mixture of the C,,-acids (84:5 g.; m. p. 15—33°; equiv., 
256; I.V., 87-3), obtained as described from sperm-oil fatty acids, and extraction of the crude 
product with light petroleum (b. p. 60—80°; 300 c.c.) gave a solid (62 g.), m. p. 78—81°. 
Two crystallisations from alcohol-ether (1:1) and several from benzene-methanol (20: 1) 
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gave threo-9 : 10-dihydroxypalmitic acid (19-5 g.), m. p. and mixed m. p. with the specimen 
from (a), 87-5—88° (Found: equiv., 288-0. Calc. for C,;gH,;,0,: equiv., 288-5). 

Oxidation of threo-9 : 10-Dihydroxypalmitic Acid.—Oxidation of the preceding dihydroxy- 
acid (0-58 g.) with periodic acid (cf. Huber, J. Amer. Chem. Soc., 1951, 78, 2730), and steam 
distillation of the product, gave heptanal. The 2: 4-dinitrophenylhydrazone, after chromato- 
graphic adsorption on alumina from benzene solution, and crystallisation from alcohol, formed 
needles (32% overall yield), m. p. and mixed m. p. 105—106° (Malkin and Tranter, J., 1951, 
1178, give m. p. 106-5°). 

Permanganate oxidation of the residue from the steam-distillation gave a solid (0-096 g., 
28%), m. p. 102—105°. Crystallisation from benzene-ethyl acetate (charcoal), and then from 
water, gave azelaic acid, m. p. and mixed m. p. 106-5—107-5° (Huber, Joc. cit., gives m. p. 105— 
106°). 

cis-Octadec-11-enoic Acid.—A mixture of palmitoleic acid (8-46 g., 0-033 mole; m. p. 0-5— 
1-5°) and methyl hydrogen succinate (20 g.) (Org. Synth., 1945, 25, 19) in methanol (50 c.c.) 
was electrolysed in the usual way (current 1:3 a; faradays passed, ca. 1-2 times theoretical). 
Towards the end of the reaction the current tended to drop, but was restored to its former 
value by the addition of more half-ester (a total of 30 g., 0-23 mole was used). After 
completion of the electrolysis the alkaline contents of the cell were neutralised with glacial 
acetic acid and evaporated. The residue, in ether, was washed thoroughly with 2% sodium 
hydroxide and then with water, and dried (Na,SO,). Distillation gave methyl adipate (8-6 g.), 
b. p. 66—68°/2 mm., 3} 1-4291, and a fraction (1-5 g.), b. p. 77—132°/2 mm., from which no 
pure product could be isolated. The high-boiling residue (ca. 5-0 g.) was hydrolysed with 
aqueous methanolic potassium hydroxide (10% w/v), and the crude product thus obtained 
was dissolved in hot methanol and neutralised with aqueous lithium hydroxide. The solution 
was evaporated and the residue was extracted first with light petroleum (b. p. 60—80°) 
(centrifuge), then with methanol-light petroleum (b. p. 60—80°) (3:1; 6 c.c.), and finally, in 
a Soxhlet extractor, with light petroleum (b. p. 60—80°). Crystallisation of the residue, m. p. 
201—209°, from 80% aqueous alcohol (charcoal) gave lithium octadecenoate as plates (1-32 g.), 
m. p. 216—221° (uncorr.; sealed capillary), unchanged by further recrystallisation. Re- 
generation from the salt gave cis-octadec-11l-enoic acid (1-1 g.), b. p. 158—163°/0-4 mm., m. p. 
13-5—14-5°, n?) 1-4598 (Found: C, 76-7; H, 12:1%; equiv., 283-0; I.V., 89-5. Calc. for 
C,3H,,0,: C, 76:55; H, 12-15%; equiv., 282-5; I.V., 89-8). 

Evaporation of the light petroleum extracts from the crude lithium salt, and distillation of 
the residue, gave an oil (0-5 g.), b. p. 150—160° (bath temp.) /10™ mm., m. p. 6—7°. Crystal- 
lisation from light petroleum (b. p. 40—60°) at —20° yielded triaconta-cis-7 : cis-23-diene as 
needles, m. p. 8-5—9-5° (Found: C, 85-6; H, 14:0. C,,H,;, requires C, 86-0; H, 14:0%). 

threo-11 : 12-Dihydroxystearic Acid—A solution of threo-9:10-dihydroxypalmitic acid 
(18-8 g., 0-065 mole; m. p. 87-5—88°) and methyl hydrogen succinate (34 g.) in methanol 
(90 c.c.) was electrolysed (current 1-5 A; faradays passed ca. 1-5 times theoretical). At 
intervals towards the end of the reaction more half-ester was added (total used 52 g., 0-391 mole). 
After the electrolysis the cell contents were cooled to 0°. The solid (2-9 g.), m. p. 122—123°, 
which separated was collected and crystallised from methanoi giving triaconta-threo-7 : 8- 
threo-23 : 24-tetvaol, m. p. 123-5—124-5° (Found: C, 73-8; H, 13-0. Cy 9H gO, requires C, 
74:0; H, 12-85%). The filtrate was neutralised with glacial acetic acid and then evaporated. 
The filtrate was extracted with ether. On acidification of the insoluble portion threo-9 : 10- 
dihydroxypalmitic acid (1-6 g.) was recovered. The ethereal extract was washed with 2% sodium 
hydroxide and then with water, dried (Na,SO,), and evaporated. Distillation gave methyl 
adipate (15-4 g.), b. p. 74-—-78°/2 mm., nu? 1-4283. The high-boiling residue was hydrolysed 
with aqueous methanolic sodium hydroxide (8% w/v). The excess of alkali was then 
neutralised with 2N-hydrochloric acid and the mixture evaporated. The residual crude sodium 
salt was extracted (Soxhlet) overnight with benzene and then acidified. The product was 
washed with boiling water, dried, and extracted with benzene (15 c.c.) giving a solid (4-7 g.), 
m. p. 89-5—91°. Crystallisation from 65% aqueous alcohol gave threo-11 : 12-dihydroxystearic 
acid as rectangular plates (2-9 g.), m. p. 93-7—94-0° (Found: C, 68-3; H, 116%; equiv., 
319. Calc. for C,,H,,0,: C, 68-3; 11-45%; equiv., 316-5). A mixture with a specimen, 
m. p. 91-5—92-5°, supplied by Prof. Strong had m. p. 92-8—93-8°. 

trans-Octadec-11-enoic Acid.—The procedure used to convert the preceding dihydroxy-acid 
into trans-octadec-1l-enoic acid was identical with that previously described for the con- 
version of thveo-13 : 14-dihydroxybehenic acid into brassidic acid (Part IX, J., 1953, 2393; cf. 
Ames and Bowman, /J., 1951, 1079). 
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threo-11 : 12-Dihydroxystearic acid (2-68 g.) was converted into ethyl erythro-11 : 12- 
dibromostearate (2-73 g., 69%), b. p. 122—128° (bath temp.) /10~ mm., »?? 1-4860 (Found: C, 
51-2; H, 8-3. C,)H,,0,Br, requires C, 51-05; H, 8-1%), which was debrominated in alcohol 
with zinc giving ethyl trans-octadec-1l-enoate (1-28 g., 71%), b. p. 119—121°/0-04 mm., n? 
14500. Hydrolysis, and isolation of the acidic product, gave a solid (0-95 g., 84%), m. p. 
41—42-5°. Two crystallisations from 75% aqueous alcohol at 0° gave trans-octadec-11-enoic 
acid as plates (0-64 g.), m. p. 43-4—43-7° unchanged by further recrystallisation, %? 1-4472 
(Found: C, 76-4; H, 12-3%; equiv., 284; I.V., 89-5. Calc. for C,,H,,0,: C, 76-55; H, 
12-15%; equiv., 282-5; I.V., 89-8). 

erythro-11 : 12-Dihydroxystearic Acid (cf. Huber, J. Amer. Chem. Soc., 1951, 73, 2730).— 
Oxidation of tvans-octadec-11-enoic acid (100 mg.) with performic acid, and hydrolysis of the 
initial product, gave a solid (90 mg., 80%), m. p. 127-5—128°. Crystallisation from methanol 
gave erythvo-11 : 12-dihydroxystearic acid (57 mg., 50%) as rhombs, m. p. 129° undrepressed 
on admixture with a specimen, m. p. 129°, supplied by Prof. Strong. 


Analyses were carried out in the microanalytical laboratory (Mr. F. H. Oliver) of this 
Department. One of us (D. G. B.) thanks the Department of Scientific and Industrial Research 
for a Maintenance Grant. We are grateful to Professor Strong and to Dr. Huber for providing 
samples of their synthetic acids. 
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Steroids and Walden Inversion. Part XIX.* The Configurations of 
the Bromination Products of 6-Oxocholestan-38-yl Acetate. 


By D. R. JAMEs and C. W. SHOPPEE. 
[Reprint Order No. 5586.] 


The two monobromo-derivatives of 6-oxocholestan-38-yl acetate described 
by Heilbron, Jones, and Spring (J., 1937, 801) are shown to be 5a- and 7a- 
bromo-6-oxocholestan-38-yl acetate respectively. The 5a- and 7a-configur- 
ations now proved by chemical methods are consistent with those predicted on 
the basis of infra-red and ultra-violet spectroscopic evidence by Corey 
(Experientia, 1953, 9, 329) and by Cookson (J., 1954, 282) respectively. 


IN an examination of various routes leading to 7-dehydrocholesterol Heilbron, Jones, and 
Spring (/J., 1937, 801) studied the bromination of 6-oxocholestan-38-yl acetate (V). Use 
of 1 mol. of bromine in cold acetic acid or in acetic acid—ether at 0° or 35° gave a 5-bromo- 
ketone, m. p. 164° (decomp.), [«]p —133°, converted by treatment with pyridine into 
36-acetoxycholest-4-en-6-one, which by alkaline hydrolysis yielded cholestane-3 : 6-dione. 
3romination in acetic acid-ether at 35° followed by refluxing for 2 hr. gave an isomeric 
bromo-ketone, m. p. 145°, [«]p +40°; this was also obtained from the 5-bromo-ketone by 
treatment with hydrogen bromide in hot acetic acid, and was shown to be 7&-bromo-6- 
oxocholestan-38-yl acetate by oxidation with silver nitrate in boiling pyridine to 6: 7- 
dioxocholestan-38-yl acetate. 

by 
. ( 
Act "A e \ if 

(I) 

The brominations were shown to require the presence of hydrogen bromide and were 
found to be completely inhibited by excess of potassium acetate, which indicates that 
they are subject to kinetic as opposed to thermodynamic control. 

Heilbron, Jones, and Spring implied that their 5-bromo-ketone possessed the a-configur- 
ation at C;,) by describing it as a cholestane derivative but their observations do not exclude 
its 58-formulation as 5-bromo-6-oxocoprostan-38-yl acetate. They also made a tentative 

* Part XVIII, J., 1954, 3794. 
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assignment * of the «-configuration at C;,) to their 7-bromo-ketone (cf., however, Fieser 
and Fieser, “‘ Natural Products related to Phenanthrene,’”’ Reinhold Publ. Corpn., 1949, 
p. 268). We now show that their assignments of the «-configuration at C;;) and C;,) are in 
fact correct. 

Cholesteryl acetate (I) by treatment with perbenzoic acid and chromatography of the 
product gave 5 : 68-epoxycoprostan-36-yl acetate (I1; R = Ac), m. p. 112—113°, |«|p —1 
(cf. Plattner et al., Helv. Chim. Acta, 1944, 27, 513). Fission of the epoxide with hydrogen 
bromide-acetic acid at 0° gave the 5«-bromo-6$-hydroxy-compound (III), formed by 
trans-addition of hydrogen bromide with inversion of configuration at C;;. Oxidation 
with chromium trioxide—acetic acid at 15° then yielded 5a-bromo-6-oxocholestan-3$-yl 
acetate (IV), m. p. 166° (decomp.), {[«]p —131°, identical with a specimen prepared by 
bromination of 6-oxocholestan-3$-yl acetate (V). 

Conversely, reduction of the 5a-bromo-6-ketone (IV) with sodium borohydride afforded 
a mixture of the 5a-bromo-68-hydroxy-compound (III) and it 6«-epimeride, which proved 
difficult to separate chromatographically. The mixture was therefore treated with 
methanolic potassium hydroxide to give 5 : 68-epoxycoprostan-38-ol (II; R = H). 

Reduction of 7a-bromo-6-oxocholestan-38-yl acetate (VI) with lithium aluminium 
hydride gave a gelatinous product, and chromatographic separation of the epimeric 7«- 
bromo-38 : 6-diols proved unsatisfactory. Use of sodium borohydride, which does not 
attack the 3$-acetoxyl group, and chromatography on neutralised aluminium oxide 
furnished the 38-acetoxy-7a-bromo-68- (VII) and the -6a-hydroxy-compound (XI), whose 
structures were established as follows. 
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(X) OH (XI) OH (XID) 


Treatment of the 7«-bromo-68-hydroxy-compound (VII) with methanolic potassium 
hydroxide gave by elimination of hydrogen bromide the 68 : 7$-epoxide (VIII). The 
change (VII —+ VIII) [like the change (II —» III)] is an intramolecular analogue of a 
bimolecular (Sy2) replacement (cf. Ingold, ‘‘ Structure and Mechanism in Organic 
Chemistry,” Bell, London, 1953, p. 383, footnote 179); the 8-orientation of the 6-hydroxyl 
group (the substituting agent) and the «-orientation of the 7-bromine atom (the entity 
substituted) require that the transition state be of linear type with resulting inversion of 
configuration at C;,. The epoxide (VIII), by reduction with lithium aluminium hydride, 
gave cholestane-38 : 68-diol [(IX); 68-OH(axial)} (Shoppee and Summers, /., 1952, 3381) 
in conformity with the observations of Fiirst and Plattner (Abs. Papers 12th Intern. 
Congr. Pure Appl. Chem., New York, 1951, p. 409; cf. Barton, J., 1953, 1033, and the 
references summarised there), who have shown that in chemical reductions of steroid 
epoxides the oxygen atom invariably takes up the axial configuration. 

Treatment of the 7«-bromo-6«-hydroxy-compound (XI) with methanolic potassium 

* Heilbron, Jones, and Spring attributed the ready oxidation of their 7-bromo-6-ketone to the 
6 : 7-diketone with silver nitrate—pyridine to ‘‘ a trans-orientation of the halogen atom at C;,) relative to 
the hydrogen attached to C;,) and to the inherent reluctance [of the 7-bromo-6-ketone] to lose hydrogen 
bromide.” The two parts of this statement are incompatible; we are, however, unable satisfactorily 
to explain the reluctance of the 7-bromo-6-ketone [(VI); 7a-Br(axial)/88-H(axial); trans] to lose 
mae bromide. 7a-Chlorocholestane provides another example (Cremlyn and Shoppee, /., 1954, 
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hydroxide by ¢rans-elimination of hydrogen bromide gave, via the enol (XII) (not isolated), 
6-oxocholestan-36-ol (XIII); further, hydrogenation of the 7a«-bromo-6«-hydroxy- 
compound (XI) with palladium—charcoal in ethanol and mild alkaline hydrolysis yielded 
cholestane-38 : 6«-diol (X) (Shoppee and Summers, /oc. cit.). These reactions establish the 
«-orientation of the 7-bromine atom in the bromo-ketone acetate (VI). 

Recent work on the infra-red absorption spectra of cyclic «-halogeno-ketones has 
enabled prediction of the configuration of the halogen atom. To explain the effects of 
vicinal bromination on the carbonyl stretching vibration in the spectra of keto-steroids 
R. N. Jones et al. (J. Amer. Chem. Soc., 1952, 74, 2828) postulated that a coplanar arrange- 
ment of the C-Br and C=O bonds is associated with an increase of 15—20 cm." in the 
frequency of the carbonyl band, but that when the C-Br and C=O bonds are mutually 
perpendicular bromination does not change the frequency of the carbonyl band. This 
hypothesis has been confirmed, rationalised, and generalised by Corey (ibid., 1953, 75, 
2301); he has shown that the most thermodynamically stable conformation of 2-bromo- 
cyclohexanone is that chair form in which the bromine atom is axial (dipole-dipole inter- 
action > steric interaction), whereas the most thermodynamically stable conformation of 
2-bromo-4 : 4-dimethyleyclohexanone is that chair form in which the bromine atom is 
equatorial (steric interaction > dipole interaction). From data on the preferred conform- 
ations of «-bromocyclohexanones, Corey (Experientia, 1953, 9, 329) has deduced the relative 
stabilities of the epimeric bromination products of any keto-steroid with a ketonic function 
in ring A, B, or C; since the more stable epimeride predominates when the bromination is 
thermodynamically controlled, it is possible to predict the configuration of the bromine 
atom in any «-bromo-ketone so formed. In the bromination of 6-oxocholestan-3$-yl 
acetate (V), the predicted configurations for a bromine atom at C,,) and C;,) are 5a and 7a. 

Cookson (J., 1954, 282) has recently shown that the effect of equatorial and axial 
«-halogen substitution on the ultra-violet absorption spectra of ketones enables an assign- 
ment of configuration to the halogen atom in «-halogeno-ketones to be made. The shift 
in the position of Amax. of a ketone produced by «-halogen substitution is a function of the 
angle between the C—Hal bond and the C—O bond; the change (A2_) in position of Amax. 
produced by introduction of an equatorial a-halogen atom is of average value —5 my, 
whereas the corresponding change (Adq) for axial substitution is of average value +28 mu. 
In the case of 5- and 7-bromo-6-oxocholestan-38-yl acetate, the spectroscopic properties 
show that both possess the bromine atom in the «(axial)-configuration. 


6-Oxocholestan-3B-yl acetate (V) ..........seeseeeeees 
5a-Bromo-6-oxocholestan-3f-yl acetate (IV) 
7«-Bromo-6-oxocholestan-38-yl acetate (VI) 


It is clear that the physical evidence derived from infra-red and ultra-violet 
spectroscopy is complementary, and provides convincing support for the chemical evidence 
of configuration now adduced. 


EXPERIMENTAL 
For general experimental details see J., 1954, 3794; [a], are in CHC]l,. 

5-Bromo-68-hydroxycholestan-38-yl Acetate.—5 : 68-Epoxycoprostan-36-yl acetate (340 mg.) 
was dissolved in acetic acid (5 c.c.), then cooled in ice-water, and a solution of hydrogen bromide 
in acetic acid (6 c.c.: 2%) was added. After 15 min., small needles separated and were filtered 
off. 5-Bromo-68-hydroxycholestan-38-yl acetate, recrystallised from ether—pentane, had m. p. 
177—179°, [«], —37° (c, 0-96) [Found (after drying at 70°/0-01 mm. for 6 hr.) : C, 66-15; H, 
9-2; Br, 15-5. C,,H,4,O,Br requires C, 66-25; H, 9-4; Br, 15-2%]. 

5-Bromo-6-oxocholestan-3-yl A cetate.—5-Bromo-68-hydroxycholestanyl acetate (50 mg.) was 
dissolved in acetic acid (8 c.c.), asolution of chromium trioxide (20 mg.) in acetic acid (2c.c.) added, 
and the solution left at 15° for 16 hr. Excess of chromic acid was destroyed by addition of 
methanol, and the solution diluted; extraction with ether and working up in the usual manner 
gave 5-bromo-6-oxocholestan-38-yl acetate, m. p. 164—166° (decomp.), after recrystallisation 
from hexane; this gave no depression on admixture with a specimen prepared by bromination of 
6-oxocholestan-3-yl acetate according to the directions of Heilbron, Jones, and Spring (/oc. cit.). 
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Reduction of 5-Bromo-6-oxocholestan-38-yl Acetate-——A solution of sodium borohydride 
(55 mg.) in methanol was added to one of 5-bromo-6-oxocholestan-38-yl acetate (520 mg.) in 
ether—methanol. The mixture was left at 15° for 2 hr., diluted, and extracted with ether. 
Working up in the usual manner afforded an oil (470 mg.), which was chromatographed on 
neutralised aluminium oxide (13 g.) prepared in pentane. 

Elution with pentane and benzene—pentane (1:9) yielded material giving a positive 
Beilstein test, but melting over the range 140—170°. Further elution with benzene—pentane 
mixtures only afforded material giving a negative Beilstein test. A portion of the crude bromo- 
hydrin (70 mg.) was refluxed with potassium hydroxide (170 mg.) in methanol (10 c.c.) for 3 hr. 
The solution was diluted and extracted with ether. Working up in the usual way gave an oil, 
which was crystallised from methanol to give 5 : 68-epoxycoprostan-36-ol, m. p. and mixed m. p. 
130°, [a] +8° (c, 0-96), as very thin needles. 

7a-Bromo-6-oxocholestan-38-yl A cetate.—6-Oxocholestan-38-yl acetate (5-5 g.) in acetic acid 
(12-5 c.c.) and ether (65 c.c.) was treated with a solution of bromine in acetic acid (40 c.c.; 5%) 
at 35° during 75 min., and the mixture heated under reflux for 2 hr. Crystallisation from 
aqueous acetic acid gave 7«-bromo-6-oxocholestanyl acetate (3-9 g.) as lustrous plates, m. p. 
145°, [a], +39° (c, 1-5). 

Reduction of Ta-Bromo-6-oxocholestan-38-yl Acetate——A solution of sodium borohydride 
(0-1 g.) in methanol (2 c.c.) was added to 7«-bromo-6-oxocholestan-3$-yl acetate (1 g.) in ether— 
methanol. The mixture was set aside at 15° for 1-5 hr., diluted with water, and extracted with 
ether. Working up in the usual way gave an oil (980 mg.), which slowly crystallised. This was 
chromatographed on neutralised aluminium oxide (30 g.) prepared in pentane. Elution with 
pentane and benzene—pentane (1: 9) gave material giving a negative Beilstein test, but use of 
benzene—pentane (1: 6) gave 7a-bromo-68-hydroxycholestan-38-yl acetate (317 mg.), m. p. 176— 
179°, [a]p —24° (c, 1-18), after crystallisation from ether—pentane [Found (after drying at 
70°/0-01 mm. for 6 hr.) : C, 66-05; H, 9-3. C,9H,,O,Br requires C, 66-25; H, 9-4%]. Elution 
with benzene—pentane (2:3) gave 7a-bromo-6«-hydroxycholestan-38-yl acetate (350 mg.), double 
m. p. 136°/145°, [a], —9° (c, 1-07), after crystallisation from ether—-methanol [Found (after 
drying at 70°/0-01 mm. for 6 hr.) : C, 66-35; H, 9-2; Br, 15-4. C,,H,,O,Br requires C, 66-25; 
H, 9-4; Br, 15-2%]. 

Dehydrobromination of Ta-Bromo-6x-hydroxycholestan-38-yl Acetate——The bromohydrin 
(50 mg.) and potassium hydroxide (150 mg.) were refluxed in methanol (8 c.c.) for 3 hr. The 
solution, when diluted and worked up in the usual way, furnished a colourless solid (37 mg.), 
which by crystallisation from methanol, gave 6-oxocholestan-38-ol (32 mg.), double m. p. 
142/152°, undepressed by admixture with an authentic sample. 

Hydrogenation of Ta-Bromo-6a-hydroxycholestan-38-yl Acetate-—The bromohydrin (50 mg.), 
potassium hydroxide (400 mg.), and palladium-—charcoal (40 mg. : 20%) in ethanol (15 c.c.) were 
shaken in an atmosphere of hydrogen at 25° for4 hr. The solution was then diluted and worked 
up in the usual manner, to give cholestane-38 : 6«-diol, m. p. 212—-215°, after crystallisation 
from acetone, which gave no depression on admixture with a genuine specimen. 

Dehydrobromination of Ta-Bromo-63-hydroxycholestan-38-yl Acetate-——The bromohydrin 
(50 mg.) and potassium hydroxide (150 mg.) were refluxed for 3 hr. in methanol (8 c.c.). The 
solution was diluted and worked up in the usual way, to afford 68 : 78-epoxycholestan-38-ol 
(34 mg.), m. p. 156—158°, [a], —14° (c, 1-04), after crystallisation from aqueous acetone 
[Found (after drying at 60°/0-01 mm. for 6 hr.): C, 77:0; H, 11-3. C,,H4,O,,H,O requires 
C, 77-1; H, 11:5%]. Acetylation with acetic anhydride—pyridine at 15° gave 68 : 78-epoxy- 
cholestan-38-yl acetate, m. p. 143°, [x], —24° (c, 0-9), after crystallisation from methanol {Found 
(after drying at 60°/0-01 mm. for 6 hr.): C, 78-1; H, 10-6. C,,H,,O, requires C, 78-3; H, 
10-:8%]. 

Reduction of 68: 78-Epoxycholestan-38-0l.—68 : 78-Epoxycholestan-38-ol (30 mg.) in dry 
ether (10 c.c.) was added to a solution of lithium aluminium hydride (15 mg.) in ether (20 c.c.) 
at 0°. The mixture was kept for 1 hr. at 15° and the excess of reagent decomposed with ice and 
2n-sulphuric acid. The solution, worked up in the usual manner, afforded cholestane-38 : 68- 
diol, m. p. and mixed m. p. 190—191° after crystallisation from ethanol. 
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Perfluoroalkyl Derivatives of Sulphur. Part I.* Trifluoromethane- 
sulphonic Acid. 


By R. N. HASZELDINE and J. M. Kipp. 
[Reprint Order No. 5604.] 


Oxidation of bis(trifluoromethylthio)mercury yields trifluoromethane- 
sulphonic acid, isolated by treatment of its barium salt with sulphuric acid. 
Trifluoromethanesulphonic acid is relatively volatile, and is a strong acid as 
shown by conductivity measurements; it liberates hydrogen chloride from 
sodium chloride. Silver trifluoromethanesulphonate is soluble in benzene, 
like other silver salts of strong acids. Characteristic infra-red absorption 
bands have been assigned to the CF,°SO,~ group. 


EARLIER studies * have shown that bistrifluoromethy] disulphide can be prepared in good 
yield by interaction of trifluoroiodomethane and sulphur or, more conveniently, of iodine 
pentafluoride and carbon disulphide and that it yields bis(trifluoromethylthio)mercury and 
thence trifluoromethanethiol and trifluoromethanesulphenyl chloride. The present paper 
concerns trifluoromethanesulphonic acid. 

Few of the methods of preparation of alkane- or arene-sulphonic acids can be 
applied to the synthesis of perfluoroalkanesulphonic acids: e.g., the Strecker synthesis 
(RX + Na,SO, —» R-SO,Na + NaX) fails since trifluoroiodomethane does not undergo 
nucleophilic substitution under mild conditions; bistrifluoromethy] disulphide is inert to 
concentrated nitric acid up to 115° (cf. alkyl disulphides) ; fluorohydrocarbons are either 
inert to fuming sulphuric acid or liberate fluoride at higher temperatures. Only one 
polyfluoro-sulphonic acid had been described before this work began—tetrafluoroethane- 
sulphonic acid, prepared (Coffman, Raasch, Rigby, Barrick, and Hanford, J. Org. Chem., 
1949, 14, 747) by the addition of sodium hydrogen sulphite to tetrafluoroethylene under 
pressure. Trifluoromethanesulphonic acid, described below, is the first perfluoro-sulphonic 
acid, and the method used can be applied to higher members of the series. 

Trifluoromethanesulphonic acid was prepared by the oxidation of bis(trifluoromethyl- 
thio)mercury by aqueous hydrogen peroxide. It was isolated as its acetone-soluble barium 
salt which, when anhydrous, was treated with concentrated sulphuric acid to liberate 
trifluoromethanesulphonic acid. The acid is a mobile liquid which boils at a considerably 
lower temperature (162°) than does methanesulphonic acid (165°/8-5 mm.) [cf. CF,-NO, 
and CH,*NO, (/J., 1953, 2075), etc.]. Trifluoromethanesulphonic acid is thermally extremely 
stable; it shows a marked resistance to decomposition by aqueous base, thus resembling 
bistrifluoromethyl sulphide, and differing from most other trifluoromethyl derivatives of 
sulphur which liberate fluoride quantitatively (e.g., CF;°S,°CF,, CF,°S,°CF;, CF,°SH, 
CF,°SCl). The resistance of trifluoromethyl oxy-acids to hydrolytic attack appears to be 
at a maximum when the hetero-atom displays its maximum valency; thus, trifluoro- 
methylphosphonic acid also resists basic hydrolysis, whereas most other trifluoromethyl 
derivatives of phosphorus liberate fluoroform quantitatively (Bennett, Emeléus, and 
Haszeldine, J., 1954, 3598). 

Sodium and silver trifluoromethanesulphonate are very soluble in water and ethanol, 
and the silver salt is also soluble in benzene, in which the sodium and barium salts are 
insoluble. The solubility in benzene is very probably caused by the ability of the Ag* ion 
to form addition compounds with suitable donor molecules [cf. silver perchlorate (Rundle 
and Goring, J. Amer. Chem. Soc., 1950, 72, 5337) and silver trifluoroacetate (Swarts, 
Bull. Sci. Acad. roy. Belg., 1922, 8, 343)]. 

A study of the infra-red spectra of the derivatives of trifluoromethanesulphonic acid, 
combined with earlier studies on the Raman spectra of sodium alkanesulphonates, enables 
two strong bands to be assigned as characteristic of the CF,-SO,~ group (Table 1). The 
asymmetric and symmetric stretching vibrations lie at 8-4—8-6 and 9-4—9-6 » for alkane- 
sulphonic acids and their salts. Introduction of fluorine causes hardly any change in the 


* For previous, related papers see J., 1952, 2198, 2549; 1953, 3219. 


[1954] Perfluoroalkyl Derivatives of Sulphur. Part I. 4229 


symmetric vibration but the asymmetric vibration is shifted appreciably to shorter wave- 
length (ca. 7-9 w). A similar effect was noted for the asymmetric stretching vibration of 


TABLE 1. Bands characteristic of R‘SOQ,-. 
.S. Asymmetric Symmetric C.S. Asymmetric Symmetric 
Compound No. stretching stretching Compound No.* stretching stretching 
CF;°SO;H } 7°85 (8-5) ca. 9-7 (CF,°SO;),Ba!... 139 7°85 (8-45) 9-62 
CH,SO,H* ... 3! 8-4 9-44 Et-SO,Na ? << 8-50 9-50 
CH,°SO,Na? ... : 9-50 Pr*SO,Na 2 ees 8-46 9-54 
82 (8- 9-60 Bu-SO,Na? __.... - 8-50 9-58 
“4! 9-60 n-C5H,,°SO,Na? - 8-53 9-58 
-FySO,Ag! ... . f 9-75 
1 Present work. 2 Raman spectra: Houlton and Tartar, J. Amer. Chem. Soc., 1938, 60, 544. 
* These spectra have been deposited with the Chemical Society. Photocopies may be obtained 
(price, 3s. Od. per copy per spectrum) on application to the General Secretary, quoting the C.S. 
numbers. 


the nitro-groups in polyfluoro-nitro-compounds (Haszeldine, J., 1953, 2525). The assign- 
ment of the asymmetric vibrations for the trifluoromethanesulphonates is less certain than 
that of the symmetric vibrations, since the very powerful C-F stretching vibrations appear 
in the 8—9-u region. The strong band in the 8—9- region, shown in parentheses in 
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Table 1, which is in the same position as for the asymmetric vibration in alkanesulphonates, 
is assigned to a C-F rather than to a —SO,- vibration; if it were assigned to a 
~SO,- vibration, the strong band at 7-9», which is outside the C—-F region, could not then 
be assigned. Furthermore, the above assignments are independently supported by 
spectroscopic studies on other compounds containing the CF,°SO, group to be described 
later. 

From potentiometric titration in formic acid, Hammett (‘‘ Physical Organic 
Chemistry,’’ McGraw-Hill, New York, 1940, p. 261) concluded that benzenesulphonic acid 
is stronger than hydrochloric or nitric acid, but weaker than sulphuric or perchloric acid. 
Replacement of an alkyl or aryl group by a trifluoromethyl group in oxy-acids of 
phosphorus or arsenic considerably increases the strength of the acid (J., 1954, 551, et seq.). 
There was thus every reason to expect that trifluoromethanesulphonic acid would be one 
of the strongest known sulphonic acids and probably one of the strongest of all known 
acids. A comparison with methanesulphonic acid has been obtained from conductivity 
measurements in aqueous solution. The results are at present inexplicable: dilution 
of a solution made up initially by weight was accompanied by a slight decrease in the 
equivalent conductivity (see Experimental part). The plot of equivalent conductivity 
against square root of concentration shown in the Figure shows only the values obtained 
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from solutions made up directly by weight. By comparison, methanesulphonic acid gives 
a smooth shallow curve of the expected type (see Figure). That the unexplained variations 
in the conductivity of trifluoromethanesulphonic acid are caused by the acid and not by 
the CF,*SO,~ ion is shown by the conductivity curve for sodium trifluoromethane- 
sulphonate (see Figure) which is a straight line as expected. Extrapolation of this line to 
infinite dilution leads to a value of 42-3 for the ionic conductivity of CF,*SO,~, whence the 
calculated equivalent conductivity at infinite dilution for trifluoromethanesulphonic acid is 
392. A straight line drawn through the experimental points for trifluoromethanesulphonic 
acid (see Figure) gives 388-5 for the equivalent conductivity at infinite dilution, and applic- 
ation of the Onsager equation gives values greater than 1 for the degree of ionisation « ; 
a similar effect has been observed with bistrifluoromethylphosphinic acid (Emeléus, 
Haszeldine, and Paul, J., in the press). Very approximate values for « and for the 
ionisation constant K have been calculated from « = /%) and K = ca?/(1 — a) by using 
a smooth curve drawn through the experimental points. These values are shown in Table 2 


a 105K a 10K a LOOK 
CH,'CO,H 0-04 1-8  Ph:SO,H! 0-96 0:3  Me:SO,H 0:96 0-3 
CCI,*CO, — 02 m-NOyC,HySO;H! 0:97 0-4  CF,SO,H 0:96 0:3 
CF, 0-96 0-3 

1 Wightman and Jones, Amer. Chem. J., 1911, 46, 56. 

with corresponding values similarly calculated for other acids. Trifluoromethanesulphonic 
acid is clearly a strong acid, but measurements in aqueous solution do not reveal whether 
it is stronger than other sulphonic acids or sulphuric acid. Preliminary conductivity results 
(to be reported later) with trifluoromethanesulphonic acid in acetic acid solution, however, 
show that, as expected, it is distinctly stronger than hydrochloric and sulphuric acid, and 
can in many ways be regarded as a mineral acid. 


EXPERIMENTAL 


[he preparation of starting materials has been described earlier (Haszeldine and Kidd, 
J., 1953, 3219). Infra-red spectra were recorded by a Perkin-Elmer Double Beam Instrument, 
Model 21, with rock-salt optics. 

Attempted Oxidation of Bistrifluoromethyl Disulphide.—This disulphide did not react with 
concentrated nitric acid at 115° during 12 hr.; at 230° (12 hr.) extensive decomposition gave 
unidentified products. There was no reaction with concentrated sulphuric acid at room temper- 
ature, but at 120° (24 hr.) extensive decomposition to sulphur, sulphur dioxide, carbon dioxide, 
and silicon tetrafluoride. 

Trifluoromethanesulphonic Acid.—Bis(trifluoromethylthio)mercury (6:08 g.) and 35% 
hydrogen peroxide (50 ml.) were heated in a 100-ml. flask under a reflux condenser. At 105°, 
the evolution of oxygen increased considerably and a yellow solid was deposited; the 
temperature was kept at 95—105° until the steady evolution of oxygen ceased (2—3 hr.). The 
yellow solid (1-69 g., 52%) was identified as mercuric oxide contaminated by a small amount 
of mercuric sulphide, but free from fluoride. The aqueous solution was strongly acid, and gave 
positive tests for fluoride and sulphate. It was first treated with hydrogen sulphide to 
precipitate the mercury, filtered, then neutralised with ‘‘ AnalaR’’ barium carbonate. After 
filtration, the solution was evaporated to dryness on a steam-bath to give a white solid; this 
was extracted with dry acetone and the extract was evaporated to dryness. The resultant 
white barium salt was completely free from fluoride and sulphate. After drying to constant 
weight at 100° im vacuo, the anhydrous barium trifluoromethanesulphonate (4-624 g., 70%) 
(Found: F, 25-9; S, 14-6; Ba, 31-5. C,O,F,S,Ba requires F, 26-2; S, 14:7; Ba, 31-5%) was 
analysed by fusion with sodium. Fluorine was determined by titration with thorium nitrate, 
and sulphur as sulphate after oxidation with hydrogen peroxide in alkaline solution. Barium 
was determined as barium sulphate. 

In a typical experiment, the salt (5-16 g.) and concentrated sulphuric acid (5 g.) were 
heated at 10—20 mm., to distil trifluoromethanesulphonic acid (3:27 g., 92%), b. p. 42°/1 mm., 
81°/37-5 mm., 91°/57-5 mm., 162°/760 mm. (Found: F, 37-3; S, 21:0%; equiv., 149-8. 
CHO,F,S requires F, 37-7; S, 21:2%; equiv., 150). The acid was decomposed by fusion with 
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sodium for analysis. It is a colourless, very hygroscopic, mobile liquid, which fumes copiously 
in air and burns the skin. Only a qualitative infra-red spectrum could be obtaired, since the 
acid liberated hydrogen chloride from rock salt at room temperature. 

Less than 1% decompusiiicn occurred when trifluoromethanesulphonic acid (0-1792 g.) was 
heated at 100° (24 hr.) with 15% aqueous sodium hydroxide (8 ml.) in a Pyrex tube. 

Salts. The barium. salt is very soluble in acetone and alcohol, slightly less soluble in water, 
and very sparingly soluble in ether and benzene. It is slightly hygroscopic, but is readily dried 
at 100° in vacuo. 

The barium salt (1-21 g.) was dissolved in water, and the barium was precipitated with 
dilute sulphuric acid. The solution was neutralised with silver carbonate, filtered, and 
evaporated to dryness. The residue was extracted with dry acetone, and evaporation of the 
extracts gave a white residue, dried at 100° in vacuo, of silver trifluoromethanesulphonate (1-20 g., 
84%) (Found: Ag, 41-2. CO,F,SAg requires Ag, 42-0%), which darkened in light and was very 
soluble in water, acetone, alcohol, and ether, and moderately soluble in benzene. 

Potentiometric titration of a solution of trifluoromethanesulphonic acid against aqueous 
sodium hydroxide to pH 5:2, followed by evaporation to drynesss, finally at 100° in vacuo, gave 
sodium trifluoromethanesulphonate (Found: Na, 13-45. CO,F,SNa requires Na, 13-4%), very 
soluble in water, moderately soluble in alcohol and acetone, and insoluble in ether and benzene. 
Fluoride ion was not liberated when the salt (0-120 g.) was heated at 100° (10 hr.) with 15% 
aqueous sodium hydroxide (8 ml.). 

Conductivity Measurements.—Conductivity cells with sealed-in platinised platinum electrodes 
of conventional type were used. The cells of cell constants 13-29, 4-359, and 0-05338 were used 
for solutions of concentration >0-01N, 0-:01—0-001N, and <0-001N respectively. The solutions 
used were made up directly by weight, in Pyrex vessels which had been cleaned in chromic acid 
and then steamed for 24 hr. Conductivity water was stored in a Jena flask. Resistances were 
measured by means of a standard Wheatstone bridge circuit, with a cathode-ray oscilloscope as 
null-point detector (Haszeldine and Woolf, Chem. and Ind., 1950, 544); a steady value was 
reached within 30 min. of placing the cell in the thermostat at 25° + 0-05°. Further readings 
were taken with fresh samples of solution until a constant value was obtained. 

Trifluoromethanesulphonic acid. The results are given in Table 3 and the Figure. Each 
solution was made up directly from the acid by weight. The results obtained by dilution of any 


TABLE 3. 
10% Concn. (c) (g.-equiv./l.).... 51-10 36-40 24-98 7-426 2-630 1-185 
WRAL G.. - ss cnssnasixcnectpeduantinvn ee 190-6 58- . 86-2 51:3 34-4 
Equiv. conductivity A 366-2 369-1 2° . 377-9 384-2 384-7 


one solution of the acid were erratic, since dilution gave a decrease in the equivalent conductivity. 
For example, a 0:005254N-solution made up directly had equivalent conductivity (A) 378-0, but 
when diluted by wt. to 0-002479n, had A 372-2. This effect was reproduced many times and 
is associated with the process of dilution of a previously prepared solution, not with the prepar- 
ation of a solution from anhydrous trifluoromethanesulphonic acid. Titration of the diluted 
solutions showed that the amount of acid present was that which would be expected from the 
calculated dilution. The acid was stable in aqueous solution as expected, since even strong 
base at 100° fails to liberate fluoride (see above). The aqueous solutions no matter how 
prepared showed a steady conductivity, which did not change when the solutions were stored for 
several days. The possibility of a gross experimental error can be discounted, since similar 
measurements with the sodium salt, or with methanesulphonic acid (see below), gave excellent 
results, no matter whether the solutions were made up by dilution or by weight. All normal 
precautions were taken, and the phenomenon was observed many times. No adequate explan- 
ation can be given at the present time, but since the decrease in equivalent conductivity occurs 
only on dilution, something akin to ion-pair formation may be involved. The fact that sodium 
trifluoromethanesulphonate behaves normally shows that the CF,°*SO,~ ion is stable in aqueous 
solution. 

Sodium trifluoromethanesulphonate. The measurements were made as for the acid; dilution 
of the aqueous solutions failed to produce anomalous changes in equivalent conductivity, and 
the results are given in Table 4. Extrapolation to infinite dilution of the —10%,/c line gives 
92-4 for equivalent conductivity at infinite dilution (A9); the ionic conductivity of Na* is 50-1 
(McInnes, Shedlovsky, and Longsworth, J. Amer. Chem. Soc., 1932, 54, 2758), hence the ionic 
conductivity of CF,°SO,~ is 42-3. 
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Barium trifluoromethanesulphonate. The barium salt does not behave as a strong electrolyte 
in aqueous solution (see Table 4). 


TABLE 4. 
(CF,*SO,),Ba CH,*SO,H 
Brea Prem 


sp _ _ ee 
10%¢ 103\/c 10%¢ 108 \/c A 
21-06 5 5: 10-65 103-2 187-5 433-0 352-7 
14-72 21: js 7-235 850 166-1 407-7 354-0 
9-268 96°: 37: 6-738 82:1 98-97 314-6 361-5 
4-654 38-2 “s 4-333 65-8 62-77 250-6 367-0 
1-024 32 1-755 41-9 34-53 185-8 372-0 
0-515 22-7 16-32 127-8 378-4 
3-172 56-3 387-3 
1-049 32-4 389-6 


iia | 


Methanesulphonic acid (fraction of b. p. 165°/8-5 mm., nl) 1-4307). Solutions were made 
up by wt. or by dilution from a solution initially made up by wt. The results are shown in 
Table 4. 
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Azulenes. Part II.* Application of the Pinacone Reduction to the 
Synthesis of 1-Substituted Azulenes. 


By Dovucias LLoyp and FREDERICK ROwE. 
[Reprint Order No. 5614.] 


In a general investigation of the application of the bimolecular reduction 
of ketones to the synthesis of cyclic compounds, the reduction of a 2-3’-oxo- 
butylcycloheptanone has been studied. The product obtained was dehydro- 
genated to 1-methylazulene. 


FoLLoWING Kipping and Perkin’s suggestion (jJ., 1889, 55, 330) that intramolecular 
reduction of diketones might lead to cyclic 1 : 2-glycols, a number of workers (e.g., Kipping 
and Perkin, J., 1891, 59, 214; 1893, 63, 111; Wislicenus e¢ al., Annalen, 1898, 302, 191, 
195, 215, 223, 236; Japp and Michie, J., 1901, 79, 1010) investigated the preparation of 
derivatives of cyclopentane, cyclohexane, and cycloheptane by such a method. Japp and 
Michie (loc. cit.), using aluminium amalgam, showed that good yields of the cyclic products 
were obtainable, but despite this and other recent accounts of good yields obtained by this 
method, with various reagents (e.g., Bachmann, J. Amer. Chem. Soc., 1932, 54, 1969; 
Bachmann and Chu, 7d7d., 1935, 57, 1095; 1936, 58,1118; Bartlett and Brown, zd7d., 1940, 
62, 2927; Pauson, zbid., 1954, 76, 2187), little attention has been paid to this reaction as a 
means of effecting ring-closure. 

The acyloin condensation has, however, been much studied as a most valuable method 
for the preparation of macrocyclic compounds (Prelog, Frenkiel, Kobelt, and Barman, 
Helv. Chim. Acta, 1947, 30, 1741; Stoll and Hulstkamp, zbzd., p. 1815). 

Prelog et al. (loc. cit.) explained the high yields by regarding the reduction as taking 
place at the metal surface. In view of the similarity of the acyloin condensation and 
pinacone reduction, it seemed possible that the reduction of suitable long-chain diketones 
might also lead to the formation of macrocyclic compounds, and an investigation of this 
reaction seemed worth while. 

Another neglected study has been the reduction of unsymmetrical diketones, although 
the bimolecular coupling of two dissimilar carbonyl compounds has been described (e.g., 
Elagina and Zelinski, Doklady Akad. Nauk S.S.S.R., 1950, 71, 293). 

As part of a general investigation of the application of pinacone reduction to ring- 
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closure, the intramolecular reduction of the unsymmetrical diketone, methyl 2-oxo-1-3’- 
oxobutylcycloheptane-1-carboxylate (I), was studied which would lead to the formation of 
a bicyclo[5 : 3: Ojdecane derivative; this exemplifies a possible synthetical route to 1- 
substituted azulenes. The yield of bicyclic compound was small (9%), but is of interest as 
the first record of the intramolecular reduction of such an unsymmetrical diketone. 

CO,Me CO 
re 
Nepal 

HO | 
Me 
(IIT) 


Various reducing agents were tested; aluminium amalgam in aqueous ethanol appeared 
to be most generally satisfactory. The product obtained was not the glycol (II) but the 
lactone (III); the latter was hydrolysed slowly by a boiling aqueous methanolic solution 
of potassium hydroxide. 

This lactone was converted into 1-methylazulene by a single-stage dehydration, decarb- 
oxylation, and dehydrogenation, the product being identified by means of derivatives and 
its ultra-violet spectrum. 


EXPERIMENTAL 

Methyl 2-Oxo-1-3’-oxobutylcycloheptane-1-carboxylate (1).—Prepared by the method of Prelog, 
Wirth, and Ruzicka (Helv. Chim. Acta, 1946, 29, 1425) from ethyl 2-oxocycloheptane-1-carboxyl- 
ate (16-5 g.), the product (16-6 g., 80%) had b. p. 102—105°/0-02 mm., 99—102°/0-012 mm. 

Reduction of (I).—The main methods investigated were magnesium—magnesium iodide 
(Gomberg and Bachmann, J. Amer. Chem. Soc., 1928, 50, 2762), aluminium in anhydrous 
conditions (Newman, ibid., 1940, 62, 1683), and aluminium in aqueous ethanol (Japp and Michie, 
loc. cit.). Other reagents studied included magnesium and calcium in a variety of media, e.g., 
water, aqueous ethanol, water—benzene. Aluminium in aqueous ethanol proved to be the most 
satisfactory. 

7 : 8-Dihydroxy-8-methylbicyclo[5 : 3 : 0|decane-1-carboxylic 1 : 8-Lactone (III).—Toa solution 
of 2-oxo-1-3’-oxobutylcycloheptane-1-carboxylate (12-76 g.) in 50% aqueous ethanol (500 ml.) was 
added aluminium foil (15 g.) (which previously had been etched by immersion in a concentrated 
solution of potassium hydroxide), and a small quantity of an ethanolic mercuric chloride solution. 
The mixture was refluxed for 3 weeks, small quantities of mercuric chloride being added at 
intervals; the pH of the solution remained about 8. The bulk of the ethanol was then removed, 
water was added, and the aluminium hydroxide which had been formed was removed by use of 
a centrifuge. Afterextraction of the aqueous solution with ether, and evaporation of the ether, 
a dark gum was obtained which slowly deposited crystals; these were recrystallised from 
benzene. The product (1:0 g., 9%) had m. p. 157-5° and its behaviour towards methanolic 
potassium hydroxide indicated a lactone (III) (Found: C, 68-7; H, 8-5%; equiv., 210. C,.H,,0, 
requires C, 68-6; H, 86%; equiv., 210). 

Present work P. & H. (loc. cit.) 
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, “2410 2820 3000 3380 3460 3650 2400 2800 2990 3380 3470 3640 
430 466 3-84 3:53 365 3-40 4:30 461 3-74 3-46 3-68 3-50 
1-Methylazulene.—The lactone (III) (0-1 g.) was distilled at 0-2 mm. in an atmosphere of 
nitrogen, over alumina—palladium—charcoal heated to 350°. The product was purified by 
fractionation over alumina, a deep blue liquid (4 mg.; 4%) being obtained. The ultra-violet 
spectrum agreed with that previously recorded by Plattner and Heilbronner (Helv. Chim. Acta, 
1948, 31, 804) (see Table). The product formed a picrate, m. p. 135°, and a trinitrobenzene 
adduct, m. p. and mixed m. p. 155°. 
We thank Prof. Plattner and Dr. Fiirst for supplying an authentic specimen of the trinitro- 
benzene adduct of l-methylazulene. One of us (F. R.) is indebted to the Cheshire County 
Council Education Committee for a grant. 
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Colchicine and Related Compounds. Part XIII.* 


By J. W. Cook, J. D. Loupon, and R. K. Razpan. 
[Reprint Order No. 5626.] 


By the methods developed in Part XI, 13: 14-dimethoxy-3 : 4-5 : 6-di- 
benzocyclohepta-3 : 5: 7-trien-2-one (IV) and -1: 3: 5-trien-7-one (V) were 
synthesised via 2 : 3-dimethoxy-9- and -10-methylphenanthrene respectively. 
The trienes were converted into 2- and 7-acetamido-13 : 14-dimethoxy-3 : 4- 
5 : 6-dibenzocyclohepta-3 : 5-dienes, (VI) and (VII), and the deamination of 
these compounds was examined. 


In Part XI (Cook, Jack, Loudon, Buchanan, and MacMillan, J., 1951, 1397) a method 
was described for the synthesis of dibenzocycloheptatrienones from 9- or 10-methyl- 
phenanthrenes and was there applied to the synthesis of colchinol methyl ether. The 
same method has now been used to expand the central rings of 2 : 3-dimethoxy-9- and 
-10-methylphenanthrene, and some transformations of the resultant dibenzocyclo- 
heptatrienones are also described. 

2 : 3-Dimethoxy- (Pschorr and Buckow, Ber., 1900, 33, 1829) and 6: 7-dimethoxy- 
9-phenanthroic acid (Pschorr and Treidel, Annalen, 1912, 391, 38) are known but the 
poor yield of the latter acid—due to incomplete elimination of nitrogen at the diazo-stage 
of the Pschorr synthesis—led to its preparation by Hewett’s method (J., 1940, 295), fusion 
of 2-chloro-«-(3 : 4-dimethoxyphenyl)cinnamic acid with alkali. The phenanthroic acids 
were reduced via their phenylsulphonhydrazides to the corresponding phenanthraldehydes 
and hence to the methylphenenthrenes (I; R = Me, R’ =H; and R = H, R’ = Me). 
Hydroxylation of these methylphenanthrenes by osmium tetroxide in pyridine yielded 
the cis-diols (II; R= Me, R’ =H; and R=H, R’ = Me) which were oxidised by 
lead tetra-acetate. Of the two keto-aldehydes so produced, only one, (III), was obtained 
crystalline but, in each case, cyclisation by hydrogen chloride in acetic acid afforded the 
appropriate dibenzocycloheptatrienone (IV) or (V). Each of these trienones, when 
oxidised by sodium dichromate in acetic acid, yielded 2 : 3-dimethoxyphenanthraquinone 
which was also obtained by similar oxidation of 2 : 3-dimethoxy-9-phenanthroic acid. 


MeOX,” ‘2 


Meol’,, ! 
NIA 


(IV) 


3y hydrogenating the oximes of (IV) and (V) over Adams’s catalyst in presence of 
acetic anhydride the 2-acetamido-13 : 14- and -9: 10-dimethoxydibenzocycloheptadienes (VI) 
and (VII) were respectively prepared. These two compounds are analogues of N-acetyl- 
colchinol methyl ether which, when heated with phosphoric oxide in xylene, yields 
deamino- and isodeamino-colchinol methyl ethers, the elements of acetamide being 
eliminated (Part V, Barton, Cook, and Loudon, /., 1945, 176). It was hoped to study 
this elimination reaction as applied to (VI) and (VII) and, more particularly, to investigate 
the possible interconversion of the expected products (VIII) and (IX). Unfortunately 


* Part XII, J., 1952, 607. 
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the nature of these products restricted the realisation of the project. Compound (VIII) 
was readily obtained from (VI) and its structure was established by hydroxylation of the 
ethylenic bond, followed by scission with lead tetra-acetate and incidental cyclisation to 
6 : 7-dimethoxy-9-phenanthraldehyde. As derivatives of (VIII) the dihydro-derivative 
and dibromide were prepared. However, attempts to prepare (IX) from (VII), of which 
only a small quantity was available, gave less definite results although ultimately a 


crystalline product was obtained. This had a constant m. p. which was lower than that 
of (VIII) but was not depressed on admixture of the two compounds. Similar low- 
melting material was encountered as by-product in the preparation of (VIII) from (VI) 
and was also produced when (VIII) was heated with potassium ¢ert.-butoxide in the 
corresponding alcohol. Although it was shown—by conversion into 2 : 3-dimethoxy- 
9-phenanthraldehyde—that samples of this material certainly contained the triene (IX), 
yet the homogeneity of the material remained in doubt and, in view of the equivocal 
melting behaviour, the inquiry was discontinued. 


EXPERIMENTAL 

2: 3-Dimethoxy-9-phenanthroic Acid.—4 : 5-Dimethoxy-2-nitro-«-phenylcinnamic acid, m. p. 
219° from ethanol, was prepared as described by Pschorr and Buckow (Ber., 1900, 33, 1829) 
from sodium phenylacetate and 4: 5-dimethoxy-2-nitrobenzaldehyde (Marr and Bogert, /. 
Amer. Chem. Soc., 1935, 57, 1329). On reduction by ferrous sulphate in ammonia it afforded 
the corresponding amino-compound which was isolated and diazotised as the sparingly soluble 
sulphate. The filtered diazonium solution was neutralised with sodium carbonate and heated 
at 50—60° until a coupling test was negative. A purified sample of the acid (which was 
recovered by cooling and acidification) had m. p. 267° (from ethanol), but the bulk was 
directly esterified with methanol-sulphuric acid, affording methyl 2: 3-dimethoxy-9-phen- 
anthroate as colourless cubes, (micro-)m. p. 137° after repeated crystallisation from methanol 
(charcoal) (Found: C, 72-9; H, 5:2. C,,H,,O, requires C, 73:0; H, 54%). Hydrolysis 
regenerated the acid, m. p. 267°; Pschorr and Buckow (loc. cit.) give m. p. 270°. 

2 : 3-Dimethoxy-9-phenanthraldehyde.—The foregoing methyl ester (20 g.) when heated for 
5 hr. with hydrazine hydrate (80 c.c., 90%) in ethanol (200 c.c.) afforded the hydrazide as 
needles, m. p. 249° (from ethanol) (Found: N, 9-2. C,,H,,0,N, requires N, 9-4%), and 
this was converted by benzenesulphonyl chloride in pyridine into the phenylsulphonhydrazide, 
m. p. 243° (from acetic acid) (Found: N, 6:55. Cy3H,0;N,S requires N, 6-4%). A solution 
of the sulphonhydrazide (10 g.) in ethylene glycol (145 c.c.) at 180° was treated with anhydrous 
sodium carbonate (6-5 g.) and, after 80 seconds, boiling water was carefully added. The 
resultant solid gave 2: 3-dimethoxy-9-phenanthraldehyde as pale yellow needles, m. p. 135— 
136°, from methanol (charcoal) (Found: C, 76-7; H, 5:7. C,,H,,O, requires C, 76-7; H, 
5-6%). 

2 : 3-Dimethoxy-9-methylphenanthrene.—The preceding aldehyde (1-1 g.) and hydrazine 
hydrate (4 c.c.; 99%) were heated together in ethanol (40 c.c.) for 24 hr. The solid obtained 
by removal of the solvent gave an effervescent melt with powdered potassium hydroxide 
(2 g.) at 125—130° at which temperature the whole was kept for 10 min. before water was 
added. 2: 3-Dimethoxy-9-methylphenanthrene was collected and, after purification in benzene 
on alumina, had m. p. 130—131° (from benzene) (Found: C, 80-9; H, 6-7. C,,H,,O, requires 
C, 80-9; H, 6-4%). 

2-Amino-a-(3 : 4-dimethoxyphenyl)cinnamic acid, m. p. 173°, was prepared as described by 
Pschorr and Treidel (loc. cit.) (Found: C, 68-35; H, 5-9; N, 5-1. Calc. for C,,H,,0,N: 
C, 68-2; H, 5-7; N, 4:7%) but attempts, as there described or by modified procedures, to 
convert it into 6: 7-dimethoxy-9-phenanthroic acid invariably produced an unidentified 
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substance, as colourless crystals, m. p. 180—181° (from methanol), soluble in hot alkali (Found : 
C, 67°8; H, 5:5; N, 8-9%). 

2-Chloro-a-(3 : 4-dimethoxyphenyl)cinnamic Acid.—Sodium. B-(3 : 4-dimethoxypheny]l)acetate 
(5g.; dried at 130°), o-chlorobenzaldehyde (2-9 g.), and acetic anhydride (35 c.c.) were heated 
together at 100—110° for 24 hr. and the whole was then added to water. After 18 hr. the 
solid was collected, separated from tar by dissolution in aqueous sodium carbonate, and re- 
covered by acidification. 2-Chloro-a-(3 : 4-dimethoxyphenyl)cinnamic acid had m. p. 127—128° 
(from aqueous acetic acid; charcoal) (Found: C, 63-8; H, 5-0. C,,H,;O,Cl requires C, 64-0; 
H, 4-7%). 

6 : 7-Dimethoxy-9-phenanthroic Acid.—The preceding acid (1 g.) was stirred into fused 
potassium hydroxide (5 g.) at 260—265°. A vigorous reaction ensued and stirring was 
continued for 10 min. Much of the lower hydroxide layer was then separated from the dark 
upper layer which was then cooled and dissolved in water. The alkaline solution was shaken 
with methyl sulphate at 60°, set aside at room temperature overnight, and finally heated at 
100°. The cooled, clarified (charcoal) solution was acidified and the precipitate was dissolved 
in aqueous sodium carbonate (charcoal) and re-precipitated, affording 6: 7-dimethoxy-9- 
phenanthroic acid as colourless needles, m. p. 252°, from aqueous ethanol (Found: C, 72-2; 
H, 5:3. Calc. for C,,H,,0,: C, 72-3; H, 5-0%) (Pschorr and Treidel, Joc. cit., give m. p. 254°). 
Esterification of the crude acid with methanol-sulphuric acid gave the methyl ester which, 
after recovery and distillation in vacuo, formed needles, m. p. 115—116°, from methanol 
(Found : C, 72-8; H, 5:3. C,,H,,O, requires C, 73-0; H, 5-4%). 

6 : 7-Dimethoxy-9-phenanthraldehyde was prepared, essentially as described for its isomer, 
from the foregoing methyl ester through the hydrazide, m. p. 216—217° (from ethanol) (Found : 
N, 9-9%), and phenylsulphonhydrazide, m. p. 215—216° (from acetic acid) (Found: N, 6-5%). 
It formed pale-yellow needles, m. p. 172°, from methanol-chloroform (Found: C, 76-9; H, 
57%). 

2 : 3-Dimethoxy-10-methylphenanthrene, prepared and purified as in the isomeric series, had 
m. p. 137—138° (from benzene), depressed to m. p. 112—114° on admixture with the 9-methyl 
isomer (Found: C, 80-9; H, 6-1%). 

2 : 3-Dimethoxyphenanthraquinone.—Solutions of purified 2 : 3-dimethoxy-9-phenanthroic 
acid in boiling acetic acid (30 c.c.) and sodium dichromate (1-8 g.) in water (1 c.c.)—acetic 
acid (5 c.c.) were mixed, heated under reflux for 1} hr., and diluted with water (200 c.c.). 
The solution was extracted with chloroform, and the extract was washed with dilute sulphuric 
acid, then with aqueous sodium carbonate (which removed some organic acid), dried, and 
concentrated. The quinone crystallised from benzene as red-violet needles, m. p. 301—302° 
(Found: C, 71-4; H, 4-6. C,,H,,O, requires C, 71-6; H, 45%), and with o-phenylenediamine 
formed a diazine, lemon-yellow needles, m. p. 225—226° (from methanol) (Found: C, 77-65; 
H, 4-4; N, 8-4. C,,H,,0,N, requires C, 77-6; H, 4:7; N, 8-2%). 

cis-9 : 10-Dihydro-9 : 10-dihydroxy-2 : 3-dimethoxy-9-methylphenanthrene.—Anhydrous _ pyr- 
idine (12 c.c.) was added to a solution of 2: 3-dimethoxy-9-methylphenanthrene (10 g.) 
and osmium tetroxide (15 g.) in dry, thiophen-free benzene (75 c.c.). After 9 days, the 
precipitate was collected, dissolved in chloroform (250 c.c.), and shaken (24 hr.) with a solution 
of mannitol (300 g.) and potassium hydroxide (12 g.) in water (1500 c.c.). The cis-diol, 
recovered as a gum from the washed and dried chloroform layer, crystallised as needles (10-2 g.), 
m. p. 179—180°, from aqueous methanol (Found: C, 71-1; H, 6-4. C,,H,,0, requires C, 
71-3; H, 6-3%). 

13 : 14-Dimethoxy-3: 4-5 : 6-dibenzocyclohepta-3: 5: '7-trien-2-one (IV).—Lead _ tetra- 
acetate (0-42 g.) was added to a solution of the preceding diol (0-2 g.) in dry benzene (50 c.c.) 
and the mixture shaken for 2} hr. and then heated under reflux for } hr. The filtered, water- 
washed, and concentrated (40—50°) benzene solution afforded 2’-acetyl-2-formyl-4 : 5-dimethoxy- 
diphenyl (III) as colourless needles, m. p. 88—89° (from aqueous methanol) (Found: C, 71-7; 
H, 5-6. C,,H,,O, requires C, 71-8; H, 5-6%) [dioxime, m. p. 182—183°, from aqueous 
methanol (Found: N, 8-7. C,,H,,0,N, requires N, 8-9%)]. When a solution of the keto- 
aldehyde in acetic acid was saturated with hydrogen chloride it became red and, after 16 ir. 
dilution with water gave the trienone (IV) as colourless needles, m. p. 119° [from benzene-light 
petroleum (b. p. 40—60°)] (Found: C, 76-7; H, 5-5. C,,H,,O, requires C, 76:7; H, 5-3%). 
It formed an oxime, m. p. 192—193°, from methanol (Found: C, 72-6; H, 5:0; N, 5-2. 
C,,H,,;0,N requires C, 72-6; H, 5-3; N, 5-0%), and when oxidised with sodium dichromate in 
acetic acid gave 2 : 3-dimethoxyphenanthraquinone, m. p. and mixed m. p. 301—302°. 

2-A cetamido-13 : 14-dimethoxy-3 : 4-5 : 6-dibenzocyclohepta-3 : 5-diene (VI).—When the oxime 
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of (IV) (0-7 g.) was hydrogenated in acetic anhydride (30 c.c.) in presence of Adams’s catalyst 
absorption was complete in 3hr. The acetamido-compound (VI) was recovered by concentration 
of the filtered solution in vacuo and formed colourless needles, m. p. 260—261°, from aqueous 
methanol (Found: C, 73-3; H, 6-2; N, 4-5. C,,H,,O,N requires C, 73-3; H, 6-7; N, 45%). 

Deaminations.—In these experiments the need for xylene of good quality became apparent 
from the results attending the use of an inferior grade which presumably contained styrene- 
like impurities. When heated with phosphoric oxide alone this impure xylene gave a high- 
melting solid and its use in deamination reactions gave persistently gummy products. It 
(10 parts) was purified by being shaken (4 hr.) with concentrated sulphuric acid (1 pt. by wt.), 
washed, dried, distilled, and stored over phosphoric oxide. 

13 : 14-Dimethoxy-3 : 4-5 : 6-dibenzocyclohepta-1 : 3: 5-triene (VIII).—Phosphoric oxide 
(0-2 g.) was added to a solution of (VI) (0-1 g.) in purified xylene (12 c.c.), and the mixture 
heated under reflux for 25 min. The decanted solution, combined with xylene washings of 
the phosphoric residue, was washed with aqueous sodium carbonate, dried, and concentrated 
in vacuo. The resultant gum solidified when rubbed with methanol [for these methanol 
washings see under (IX)]. After chromatography (benzene—alumina) the solid gave the /riene 
(VIII) as needles, m. p. 118—119°, from methanol (Found: C, 80-75; H, 6-6. C,,H,,0, 
requires C, 80-8; H, 64%. Microhydrogenation with palladium in acetic acid gave 0-97 
double bond). With bromine in chloroform the triene formed a dibromide which crystallised 
from methanol as a mixture of platelets, (micro-)m. p. 138—142°, and needles, (micro-)m. p. 
158—161° (Found for the mixture: C, 50-0; H, 3-9. C,,H,,O0,Br, requires C, 49-6; H, 3-9%). 

13 : 14-Dimethoxy-3 : 4-5 : 6-dibenzocyclohepta-3 : 5-diene was obtained as plates, (micro-)m. p. 
73—75°, from aqueous acetic acid, when the triene (VIII) was hydrogenated over palladium 
in acetic acid (Found: C, 80-1; H, 7-5. C,,H,,O, requires C, 80-3; H, 7-1%). 

Structural Proof of (VIII).—Solutions of the triene (0-05 g.) and osmium tetroxide (0-06 g.) 
in ether (5 c.c. each) were mixed and, after 4 days, evaporated. The residual powder was 
heated under reflux for 2} hr. with a solution of sodium sulphite (0-7 g. of hydrate) in water 
(10 c.c.) and methanol (15 c.c.), and the mixture was filtered. The combined filtrate and 
methanol washings were concentrated in vacuo, and the concentrates diluted with water and 
extracted in ether. 1 : 2-Dihydroxy-13 : 14-dimethoxy-3 : 4-5 : 6-dibenzocyclohepta-3 : 5-diene 
was recovered and formed colourless needles, (micro-)m. p. 166—167°, from aqueous methanol 
(Found: C, 71-4; H, 6-5. C,,H,,O,4 requires C, 71:3; H, 6-3%). To a solution of this diol 
(0-03 g.) in dry benzene (10 c.c.) maintained at 40° lead tetra-acetate (0-05 g.) was added 
portionwise with shaking and exclusion of moisture. The mixture was heated to boiling, then 
set aside for 1 hr. at room temperature, and the filtered benzene solution was washed with 
water, dried, and evaporated. A solution of the resultant gum in warm methanol was treated 
with a trace of sodium carbonate, whereupon 6 : 7-dimethoxy-9-phenanthraldehyde, m. p. and 
mixed m. p. 171—172°, crystallised. 

The preparative details in the following cases closely resemble those given for isomeric 
compounds. cis-9: 10-Dihydro-9 : 10-dihydroxy-2 : 3-dimethoxy-10-methylphenanthrene, m. p. 
120—121° (from aqueous methanol), was prepared by hydroxylation of 2: 3-dimethoxy-10- 
methylphenanthrene (Found: C, 71:3; H, 6-0%). In boiling organic solvents it showed a 
marked tendency to dehydration, forming 9-hydroxy-2 : 3-dimethoxy-10-methylphenanthrene, 
m. p. 184—185° (from methanol) (Found: C, 76-0; H, 5-8. C,,H,,O, requires C, 76-0; H, 
6-0%), but was oxidised by lead tetra-acetate to a gummy keto-aldehyde which cyclised when 
treated with hydrogen chloride in acetic acid, affording 9: 10-dimethoxy-3 : 4-5 : 6-dibenzo- 
cyclohepta-1 : 3: 5-trien-2-one (V) as needles, m. p. 149—150°, from benzene-light petroleum 
(b. p. 40—60°) (Found: C, 76-8; H, 5-5%). This trienone was oxidised to 2 : 3-dimethoxy- 
phenanthraquinone. The oxime of the trienone, m. p. 179—180° (from benzene) (Found: N, 
4-9%), was hydrogenated in acetic anhydride, forming 2-acetamido-9 : 10-dimethoxy-3 : 4-5 : 6- 
dibenzocyclohepta-3 : 5-diene (VII) as needles, m. p. 162—163° (Found: C, 73-2; H, 6-5; N, 
45%). 

Experiments Relating to 13: 14-Dimethoxy-3 : 4-5 : 6-dibenzocyclohepta-3 : 5 : 7-triene (IX).— 
(a) Deamination of (VII) with phosphoric oxide in purified xylene, as described in the 
preparation of (VIII), gave a gum which solidified when rubbed with methanol. After 
chromatography in benzene on alumina, the solid formed platelets, (micro-)m. p. 90—92°, 
from methanol. This m. p. was unchanged by repeated crystallisation from methanol, or by 
admixture with (VIII), although crystals of the latter survived in the melt until ca. 102°. 
Insufficient of the substance was available for analysis but microhydrogenation afforded the 
dihydro-derivative, (micro-)m. p. 73—75°, unaffected by admixture with an authentic sample. 
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(6) The methanol washings from the preparation of (VIII) gave a solid which, after 
recrystallisation from methanol, had (micro-)m. p. 90—93° unchanged by admixture with the 
product from (a) and repeating its behaviour on admixture with (VIII). 

(c) The gum obtained by deaminating (VII) in impure xylene was oxidised (i) with sodium 
dichromate in acetic acid whereupon 2: 3-dimethoxyphenanthraquinone was produced and 
identified by mixed m. p., (ii) with osmium tetroxide in ether, the resultant gummy glycol 
being cleaved by lead tetra-acetate whereupon a crystalline mixture was obtained, (micro-)m. p. 
92—104° raised by admixture with 2: 3-dimethoxy-9-phenanthraldehyde to m. p. 120— 
125°: individual crystals mechanically separated from the mixture had (micro-)m. p. and 
mixed (micro-)m. p. with the aldehyde 134—135°. 

(2) A solution of (VIII) and potassium /ert.-butoxide in fert.-butyl alcohol was heated under 
reflux for 10 hr. The recovered solid product was fractionally crystallised from methanol, 
affording extreme fractions of (micro-)m. p. 96—102° and 93—96° only slightly altered (to 
intermediate values) by admixture with (VIII) or with the platelets (m. p. 90—92°) from (a). 


One of us (R. K. R.) is indebted to the Government of India and to the University of 
Glasgow for a Maintenance Allowance. 
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It is shown that quassin does not contain a hydroxy] group, that its lactone 
system (y- or §-type) is not «8- or By-unsaturated, and that the «-carbon atom 
of this system, which is not at a bridgehead, bears at least one hydrogen atom. 
Quassin and neoquassin contain two chromophoric systems, type (V) and 
(probably) type (VII). The demethylation of quassin to bisnorquassin, 
which contains a single ionisable, non-aromatic chromophore, is accompanied 
by an irreversible molecular rearrangement. 

The conversion of norquassin and normeoquassin with warm aqueous 
sodium hydroxide into the respective hydroxy-acids involves destruction of 
the enol derived from (V) and modification of the second chromophore. 
With norquassin this change does not involve the lactone system originally 
present. 


THOUGH still somewhat tedious and costly the modified technique for the isolation of pure 
quassin and meoquassin now described is an improvement on the earlier, elaborate pro- 
cedures (Part I, J., 1950, 3431; cf. Adams and Whaley, J. Amer. Chem. Soc., 1950, 72, 
375). With more of these compounds available we have made a detailed examination of 
the functional groups present. 

From the results of active-hydrogen determinations by the Zerewitinoff method (Part I, 
loc. cit.) it appeared that quassin contained a hydroxyl group but a reinvestigation of this 
has given values (0-46 and 0-39 atom) which do not support this view. The infra-red 
absorption spectra of quassin and neoquassin now recorded are in agreement with those 
recorded by Adams and Whaley (loc. cit.) and indicate that meoquassin contains a hydroxyl 
group (sharp absorption band at 3390 cm.~4) which is absent in quassin, being replaced by 
a carbonyl group (band at 1745 cm.~). 

The view expressed in Part I (loc. cit.) that quassin is a lactone has been further sub- 
stantiated. Although the crystalline compound is but slowly soluble in cold aqueous 
sodium hydroxide it readily dissolves when wetted with a hydrophilic solvent, e.g., methanol 
or acetone, or when pulverised. Quassin readily dissolves in warm alkalis and if the 
solution is rapidly cooled and neutralised the compound is recovered unchanged. A 
phenolic or enolic system is absent because quassin does not give a ferric reaction, is inert 


* Part II, /., 1954, 3672. 
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towards etherifying or esterifying reagents, and in alkaline solution does not show a dis- 
placement of its ultra-violet absorption curve. Further, the potentiometric titration 
curve of quassin is typical of a lactone. On addition of a small amount of aqueous sodium 
hydroxide to an aqueous-alcoholic solution of the compound the pH of the mixture rises, 
but as the lactone ring opens with accompanying ionisation the excess of hydroxyl ions 
is removed and the pH falls to an equilibrium value; if only the equilibrium titres are 
regarded then quassin behaves as a weak acid, of pK, 9-6. 

In view of the relation of quassin to meoquassin, 7.e., lactone to hemiacetal, the close 
similarity between the ultra-violet absorption spectra of the compounds indicates that the 
same chromophoric system is present in each and, on this basis, it appears unlikely that in 
quassin the lactone system is «f-unsaturated. In agreement with this view and contrary 
to an earlier observation (Part I, Joc. cit.), quassin has now been found to give a negative 
result in the Legal test for «$-unsaturated lactones. As to whether the lactone system is 
of the y- or the 8-type the available evidence is at present somewhat conflicting. The 
lactone and not the hydroxy-acid is obtained immediately on neutralisation or acidification 
of an alkaline solution and thus quassin resembles the y-lactone from cts-l-hydroxy-2- 
indanylacetic acid (Peacock and Menon, /., 1934, 1296). In failing to react with ammonia 
or f-toluidine, quassin behaves as a y- rather than a 8-lactone (cf., e.g., marrubiin ; unpub- 
lished work in this laboratory and Cocker, Cross, Duff, Edward, and Holley, J., 1953, 
2540). On the other hand the infra-red carbonyl-stretching frequency associated with 
the lactone ring of quassin occurs at 1745 cm."} and it therefore appears that the observed 
value corresponds to that of a 8-lactone ring (1740 cm.~) rather than to a y-lactone ring 
(1770 cm.~) (cf. Grove and Willis, /., 1951, 877). Since a hydroxyl-stretching frequency 
is not observed it cannot be assumed that the carbonyl frequency has been lowered by 
hydrogen bonding (cf. Cocker et al., loc. cit.). 

In boiling acetic acid, alcoholic hydrogen chloride at room temperature, or boiling 
acetic anhydride containing sodium acetate quassin is converted into an equilibrium 
mixture of quassin and an isomeride, which we have named tsoquassin,* m. p. 292°; this 
mixture is produced from tsoquassin under the same conditions but the nature of the 
change is at present obscure. itsoQuassin resembles quassin in that (a) it is readily de- 
methylated to give norquassin and bisnorquassin (Part I, loc. ctt.), (6) it fails to react with 
acetylating agents or with aryl /socyanates, (c) the optical rotation is of the same sign and 
magnitude, (d) the ultra-violet absorption spectrum closely resembles that of quassin, 
(e) it is soluble in aqueous sodium hydroxide and can be recovered unchanged by acidi- 
fication of an alkaline solution, and (f) it decolorises dilute aqueous potassium perman- 
ganate at approximately the same rate. 7soQuassin differs from quassin (i) in being less 
soluble in organic solvents and less stable in alkaline solution, (ii) in failing to react with 
2 : 4-dinitrophenylhydrazine, (iii) in lacking the characteristic bitter taste, and (iv) in its 
infra-red absorption spectrum. 

A more detailed examination of meoquassin confirms the presence of the hemi-acetal 
residue in this compound and consequently substantiates its relation to quassin defined 
in Part I (loc. cit.). The main additional support for this structure is derived from the 
close analogy between the O-alkyl ethers of meoquassin and, e.g., the «- and $-methyl 
glucopyranosides. It was found in Part I (/oc. cit.) that with methanolic and with ethanolic 
hydrogen chloride neoquassin gave respectively an O-methyl and an O-ethyl ether each of 
which was accompanied by small amounts of a second product. Re-examination of this 
reaction has shown that with each reagent meoquassin gives rise to an equilibrium mixture 
of pairs of isomerides, v1z., «- and $-O-methyl- and «- and 8-O-ethyl-neoquassin, which, in 
agreement with the proposed acetal structure, can be readily de-alkylated to neoquassin 
with boiling acetic acid but are stable to boiling aqueous 2N-sodium hydroxide. The same 
equilibrium mixture is obtained by treatment of either the «- or the $-isomeride with the 


* Adams and Whaley (loc. cit.) allocated the term quassin to denote the natural mixture of bitter 
principles and employed the name isoquassin for a pure component which in Part I (loc. cit.) was named 
quassin. The term isoquassin was originally proposed by Clark for an oxidation product from 
mixtures (J. Amer. Chem. Soc., 1937, 59, 927, 2511; 1938, 60, 1146). The number of isomerides of 
quassin now obtained affords pertinent justification for retaining the designation employed in Part I. 
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appropriate alcohol containing hydrogen chloride, and, moreover, when either «- or $-O- 
ethylwecoquassin is treated with methanolic hydrogen chloride there is formed the «- and 
6-methylweoquassin mixture. In both equilibrium mixtures the «-forms invariably pre- 
dominate. From their optical rotations and by analogy with the p-series of sugars the 
anomer with the more positive rotation has been named “ «’’ and the other isomeride 
“8.” Alkylation of meoquassin in an aqueous-dioxan solution of sodium hydroxide with 
methyl or ethyl sulphate gives almost quantitative yields of the corresponding $-O-alkyl- 
neoquassin, results which suggest that neoquassin in the reaction mixture exists as the 
8-form. With ethanethiol in ethereal hydrogen chloride neoquassin rapidly forms ethy]l- 
thioneoquassin which closely resembles the O-alkyl ethers but has not been resolved into 
a- and $-forms. It is possible that of respective pairs of O-alkylneoquassins described one 
isomer may be derived from neoquassin and the second from an isoneoquassin corresponding 
to isoquassin, but so far the conversion of neoquassin into isoneoquassin has not been 
observed and a consideration of the molecular rotation differences, A(OMe—OEt), indicates 
that the analogy with the sugars is justified (cf. Gorin, Kauzmann, and Walter, J]. Chem. 
Phys., 1939, 7, 327; Barton and Jones, J., 1944, 659). 

With hot acetic anhydride meoquassin is dehydrated to anhydroneoquassin, m. p. 
194—195°, which may be identical with the incorrectly named anhydroquassin, m. p. 196°, 
which Clark (loc. cit.) prepared by heating impure quassin, or meoquassin, with sodium 
acetate and acetic anhydride. Although stable to warm aqueous sodium hydroxide 
anhydroneoquassin is readily hydrated to neoquassin with hot aqueous acetic acid and with 
alcoholic hydrogen chloride, and ethanethiol in ethereal hydrogen chloride gives, respec- 
tively, the equilibrium mixture of «- and $-O-ethylneoquassin and ethylthioneoquassin. 
The compound differs from quassin and neoquassin in its lack of taste, greater solubilities, 
and more rapid reaction with aqueous potassium permanganate. The properties of 
anhydroneoquassin indicate that it is an «f-unsaturated ether, formed by the elimination 
of the elements of water from the hemi-acetal residue, and comparable with dihydrofuran 
and dihydropyran (cf. Elderfield, “‘ Heterocyclic Compounds,” Wiley, New York, Vol. I, 
1950, pp. 174, 348) or with the glycals (cf. Shafizadeh and Stacey, J., 1952, 3608). In 
agreement with this the infra-red absorption spectrum of anhydromneoquassin does not 
show a hydroxyl-stretching band at 3390 cm.-!._ The similarity of the ultra-violet absorp- 
tion spectra of anhydroneoquassin, quassin, and meoquassin indicates that the new double 
bond appearing in anhydroneoquassin is not conjugated and hence the lactone structure 
of quassin is neither «$- or fy-unsaturated. By Bredt’s rule it follows that the a-carbon 
atom is not at a bridgehead (cf. Fawcett, Chem. Reviews, 1950, 47, 219), thus systems of 
the type (I) or (II) are not present in quassin. 


H 


Consequently the annexed relations obtain. 
H, Ac,O-NaOAc 
3C-O0-CO-CHR’°C:; =—— _+=:C:0-CH(OH)CHR'C?: qq 3C-0-CHICR-C3 
Na,Cr,0, Aq. ACOH 
Quassin, neoQuassin, Anhydroneoquassin, 
m. p. 222° m. p. 228° m. p. 194—195° 
by 


SS) 
MeOH : pa 
ROH-HCI | | Aq. 
{wart {t q. ACOH & 


isoQuassin, :C-O-CH(OR)-CHR:C: 
m. p. 292° «- and B-O-Alkylneoquassin, 
R = Me or Et 
Of the six oxygen atoms in quassin two have been accounted for in methoxyl groups, 
two in the lactone system, and one in a ketonic group. In the absence of a hydroxyl group 
in the molecule it seemed likely that the remaining oxygen atom is in a carbonyl or ether 
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system and from the following considerations it appears, inter alia, that the sixth oxygen 
atom is present in an «$-unsaturated carbonyl group. 

The reduction of quassin with zinc dust and acetic acid gives dihydroquassin, identical 
with the product obtained by the hydrogenation of quassin in alkaline solution with a 
palladium-charcoal catalyst (Part I, Joc. cit.), and the absence of a hydroxyl band in the 
infra-red absorption spectrum of this derivative indicates that the reduction involves the 
saturation of a double bond rather than the conversion of a carbonyl into a hydroxyl 
group. The ultra-violet absorption spectrum of dihydroquassin has a maximum (252 my, 
e 8400) at almost the same wave-length as has quassin but with the intensity reduced by 
almost one third. On the assumption that quassin contains two non-aromatic chromo- 
phoric groups (A) and (B), of which (A) has been destroyed on hydrogenation, then (B) will 
have the ultra-violet absorption characteristic of dihydroquassin and the curve obtained 
by subtracting the absorption curve of dihydroquassin from that of quassin will represent 
the absorption due to the chromophore (A), v?z., Amax. 264 mu (¢ 4500). Subtraction of the 
absorption curve for dihydromeoquassin acetate (Amax. 252 my; e 9200), which is formed by 
the reduction of meoquassin with zinc and acetic acid, from that of meoquassin gives a second 
value for chromophore (A) (Amax. 264 my; ¢ 5000) in satisfactory agreement with that 
obtained from the quassin—dihydroquassin curves. 

The validity of the assumption that quassin contains two chromophoric systems (A) 
and (B) is supported by a study of the demethylation products of quassin and meoquassin, 
viz., nor- and norneo-quassin. These compounds, which exhibit the properties of a phenol 
or acidic enol, regenerate respectively quassin and meoquassin on methylation. The ultra- 
violet absorption spectra of quassin, ”eo-, nor-, and normeo-quassin in alcoholic solution 
closely resemble each other but the spectra of nor- and normeo-quassin in alcoholic alkali 
exhibit minor peaks at 314 (¢ 4000) and a main peak at approximately the same wave- 
length as in neutral solution with the intensity reduced by almost one-third. This be- 
haviour can be explained on the two-chromophore hypothesis if chromophore (A) is the 
O-methyl ether of a weakly acidic enol. The major and the minor peak exhibited by the 
nor-compounds in alkaline solution then correspond respectively to chromophore (B), 
modified by local electrostatic fields and changed dielectric constant, and to the ion of the 
enol derived from chromophore (A), whilst in neutral solution the single peak will represent 
the superposition of the absorption due to (B) and the absorption of the enol derived from 
(A). The calculated values for (A) and its derivatives are given in the Table, [thus: max. 
in my (emax.), in EtOH]. 


Enol ether Enol acetate Enol Eno! ion 
CMO) SE ep oeiss. adi dteedeasss >| DER A4EOD) 233 (5800) 271 (5300) 315 (3200) 
MEOQUASEIN 2..0ic..cccccesscocosserses 264 (5000) — 268 (5700) 313 (4000) 
{= (7410) 272 (5010) 320 (3720) 

237 (8910) 270 (8510) 


6 


, 
‘ 
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Cholestane-2 : 3-dione enols 


Data concerning the ultra-violet absorption spectra of ethers of enols derived from 
a-diketones do not appear to have been recorded but the absorption characteristics of the 
cholestane-2 : 3-dione enols, (III) and (IV) (Stiller and Rosenheim, /J., 1938, 353), corre- 
spond closely to those of the enol derived from chromophore (A). The observed values 
+44 and +45 my for Ad(enol ion — enol) lie between the value +50 my for cholestane-2 : 3- 
dione and the values +43 and -+42 for 3-methyleyclohexanedione (French and Holden, 
J. Amer. Chem. Soc., 1945, 67, 1239) and the «-diketone system of the cevagenin oxidation 
product (Sundt, Jeger, and Prelog, Chem. and Ind., 1953, 1365). The observed value 
—38 mu for Ad(enol acetate — enol) in respect of quassin is numerically greater than the 
values —34 and —33 mu for cholestane-2 : 3-dione but identical with the value for 11 : 12- 
dioxocholanic acid (Wintersteiner and Moore, J. Biol. Chem., 1946, 162, 725); other 
reported values lie between these limits. It is also significant that all known «-diketone 
enol systems exhibit intense ferric reactions comparable with nor- and norneo-quassin. 
Enols of «-diketones are incapable of conjugate chelation and therefore show an infra-red 
absorption band characteristic of a weakly bonded hydroxyl group. Thus, diosphenol has 
a strong, fairly sharp band at 3410 cm.' (Nujol) (Le Févre, Maramba, and Werner, /., 
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1953, 2496) whereas compounds capable of inter- or intra-molecular conjugate chelation 
show a weak broad band at lower wave-numbers (Rasmussen, Tunnicliff, and Brattain, J. 
Amer. Chem. Soc., 1949, 71, 1068). The sharp infra-red hydroxyl band of norquassin at 
3390 cm.-! (Nujol) resembles that of diosphenol. 

On the basis of this analogy we tentatively propose that quassin and meoquassin con- 
tain the residue (V), 7.e., chromophore (A), which in the dihydro-derivatives becomes (VI), 
thus accounting for the fact that dihydroquassin is not demethylated with hot dilute 
hydrochloric acid and that the infra-red spectrum of dihydroneoquassin acetate shows bands 
at 1748 cm.-} (acetate C=O) and 1715 cm.~ (cyclohexanone-type C=O). A structure in 
which the cyclohexanone system of (V) is substituted in the #-position by an alkyl group is 
considered to be improbable as all enols, or enol acetates derived from «-diketones, which 
are substituted in this manner appear to show absorption at wave-lengths higher than do 
the corresponding derivatives of cholestane-2 : 3-dione. The presence of a residue type 
(V) in quassin and meoquassin is in keeping with the production of 3: 4: 5-trimethyl- 
guaiacol when meoquassin is heated with selenium (Part II, loc. cit.). 

With regard to chromophore (B) the evidence appears to support an «$$-trisubstituted, 
«-unsaturated ketone system since the ultra-violet absorption maximum (A 253 my) falls 
within the range (254+5 my) characteristic of such chromophores (Woodward, J. Amer. 
Chem. Soc., 1941, 63, 1123; 1942, 64, 76) Only a few examples of di-f-substituted, «- 
unsaturated ketones which show absorption in this region are known (Ruzicka, Nisoli, and 
Jeger, Helv. Chim. Acta, 1946, 29, 2017). In the infra-red spectra of dihydroquassin and 
dihydroneoquassin acetate bands are observed at 1680 and 1675 cm." respectively, values 
which are comparable with the carbonyl-stretching band of cyclohexen-3-one type systems 


Me| ; Me| 


re Gxt Y 
O= HOV \/ 


(III) (IV) (VII) (VIII) 


(typical value 1680 cm."!) but which are at a wave-number too low to be attributed to a 
cyclopenten-3-one system, or to a system in which the carbon-carbon double bond is 
exocyclic to a 5-membered carbonyl-bearing ring (Grove and Willis, Joc. cit.). For asystem 
analogous to (VII) (Amar, 255 my), the tetra-substituted carbon-carbon double bond, activ- 
ated by conjugation, absorbs at 1583 cm."! (C=O absorption at 1656 cm."!) (McGhie, Prad- 
han, and Cavalla, J., 1952, 3176) while l-acetyl-2-methylcyclohexene (Amax. 245 my) shows 
absorption at 1620 cm.1 (C=O absorption at 1686 cm.) (Henbest and Woods, /., 1952, 
1150). As the dihydro-compound shows C=C absorption at higher wave-numbers (1635 
and 1640 cm.~! respectively), it is possible that this double bond is exocyclic to the 6-mem- 
bered ring as in (VIII) rather than endocyclic as in (VII). Certain variants of the partial 
structures (VII) and (VIII) are also under consideration (cf. Fieser and Fieser, “‘ Natural 
Products related to Phenanthrene,’”’ Reinhold Publ. Corp., New York, 1949, p. 190). 

A re-examination has shown that bisnorquassin (Part I, Joc. cit.) and some of its deriv- 
atives tenaciously retain solvent of crystallisation and that, although solvated bisnor- 
quassin is stable, the solvent-free compound decomposes to a brown amorphous product on 
being kept for several weeks. Further, on rigorous purification bisnorquassin does not give 
the weak green ferric reaction attributed to it and on methylation with diazomethane 
yields a monomethy]l ether, C,9H,,0,;*OMe, «-O-methylbisnorquassin, which was incorrectly 
formulated as C,H ,0;*OMe (Part I, Joc. cit.). From the absence of hydroxyl bands in the 
infra-red spectrum and its negative Zerewitinoff reaction this ether, which has the pro- 
perties of a lactone, does not appear to contain a hydroxyl group. With methyl sulphate 
and alkali, however, bisnorquassin gives rise to 8-O-methylbisnorquassin and then 6-OO-di- 
methylbisnorquassin isomeric with quassin and analogous to the OO-diacetylbisnorquassin 
formed by the acetic anhydride—pyridine method. The mono- and di-$-methyl ether, 
which have negative ferric reactions and form oximes and 2 : 4-dinitrophenylhydrazones, 
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are demethylated with hot acetic-hydrochloric acid, regenerating bisnorquassin ; with hot 
aqueous sodium hydroxide $-00-dimethylbisnorquassin gives the $-O-methylbisnor- 
quassin. 

The ultra-violet absorption spectra of bisnorquassin and its methyl ethers closely 
resemble each other (Amax. ca. 3138 mu; e 19,000) and are entirely different from that of 
quassin. The spectra of bisnor- and $-O-methylbisnor-quassin in alcoholic alkali show a 
single intense peak in the regions of longer wave-length (ca. 385 my; ¢ 48,000). Thus it 
seems that the conversion of quassin or norquassin into bisnorquassin is accompanied by a 
molecular re-arrangement where a single ionisable chromophore replaces the two chromo- 
phores originally present [cf. “3 : 7-diketocholestene ’’ which shows Amax. 320 my (¢ 24,300) 
in neutral and Amax. 392 my (e 62,200) in alcoholic alkali (Greenhalgh, Henbest, and Jones, 
J., 1952, 2375)]. In this connexion it is of interest that from crude bisnorquassin a second 
demethylation product (yield, 20°%) has been isolated which is soluble in alkali and gives 
a ferric reaction. This appears to be a mixture of isomerides which on treatment with a 
warm mixture of acetic—hydrochloric acid gives bisnorquassin and are regarded as inter- 
mediates in the conversion of norquassin into bisnorquassin. Specimens with different 
melting points have similar absorption spectra—in alcohol, Amax. 273 my (¢ 12,360) and in 
alcoholic alkali Amax, 316 my (e 9000). 


Quassin, HCI-H,0 Norquassin, 
CogH 9g04(OMEe), ge Cop Ho30;OMe, 


N, or m. p. 242° 
Me,SO,-NaOH I 
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a-O-Methylbisnor- —CH,N, 3isnorquassin,  Me,SOQ,-NaOH — 8-O-Methylbisnor- 
quassin, ee CopH Oz, —— quassin, 
m. p. 210° m. p. ca. 255° HCI-AcOH m. p. 264° 
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HCl-MeOH 
HCl-AcOH 


OO-Diacetylbisnorquassin, B-OO-Dimethylbisnorquassin, Acetate, m. p. 199° 
m. p. 232 m. p. 192° 


The product formed by the hydration of quassin with warm alkalis, designated ‘so- 
quassinic acid in Part I (loc. cit.), has been separated into two isomeric acids, m. p. 240° 
and m. p. 222°, which have been characterised as their methyl esters. Since these esters 
are readily hydrolysed with warm dilute aqueous sodium hydroxide the carboxyl groups 
are not tertiary. The ultra-violet absorption spectra of the acids and their esters are almost 
identical with that of quassin. The ester of the acid, m. p. 240°, which contains active 
hydrogen (1-01 atoms), shows a hydroxyl-stretching band at 3500 cm.~!, whilst the parent 
acid shows a sharp band at 3400 cm."! and a broad shoulder at 3040 cm.!. Therefore this 
acid has been termed alloquassinolic acid, and the names quassinolic and 7soquassinolic 
acid are reserved for the unstable acids obtained as sodium salts from quassin and 1tso- 
quassin. On being heated alone or with sodium acetate in acetic anhydride, al/oquassinolic 
acid lost the elements of water and furnished an alloquassin having almost the same ultra- 
violet absorption spectrum as quassin. The infra-red spectrum of this compound, however, 
shows a lactone carbonyl-stretching band at a lower wave-number than quassin, v?z., 
1712 cm.}, whilst the molecular rotation is much higher. Since neoquassin is inert to 
aqueous sodium hydroxide it is almost certain that alloquassinolic acid and alloquassin 
arise by a stereochemical change involving the lactone system. 

The methyl ester of the acid, m. p. 222°, does not show a hydroxyl-stretching band in 
the infra-red spectrum (0:46 atom of active hydrogen) and the parent acid shows only the 
broad shoulder at 3135 cm.-!. On being heated this acid, which retains the bitter taste of 
quassin, gives alloquassin but with hot acetic anhydride and sodium acetate yields a second 
isomeride of quassin having a modified ultra-violet absorption spectrum. At present the 
relation of this acid to alloquassinolic acid is not clear. 
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Norquassin is converted by boiling dilute aqueous sodium hydroxide into a monobasic 
acid, norquassinic acid, which is obtained as an unexpectedly stable monohydrate. Esteri- 
fication of this product with diazomethane, however, is accompanied by loss of a molecule 
of water. The potentiometric titration curves for this hydrate and the methyl ester show 
that both compounds retain a lactone system of stability comparable with that in quassin. 


i Quassin 


alloQuassin, 
CosHla,0o, 
m. p. 267 


NaOH 4 CH,N, NaOH 


Methyl alloquassinolate, Isomer, m. p. 310° (decomp.), Methyl ester, m. p. 188° 
m. p. 180 of quassin 


That the lactone group of norquassin is not concerned in the production of the carboxy] 
group in norquassinic acid is established by the fact that on treatment with hot alkalis 
normeoquassin gives monobasic norneoquassinic acid which on oxidation with potassium 
permanganate furnishes norquassinic acid. Similarly the oxidation of methyl norneo- 
quassinate with chromic acid yields methyl norquassinate. In these conversions it is 
reasonably certain that the hemiacetal residue is oxidised to a lactone system. Although 
the ultra-violet absorption spectra of nor- and normeo-quassinic acid and their respective 
methyl esters (Amax. 257—259 my; ¢ ca. 9000) differ somewhat from that of dihydroquassin, 
they are not displaced in alkaline media, indicating that the formation of the acids is 
accompanied by the destruction of the enol derived from the chromophoric group (A). In 
agreement with this view nor- and norzeo-quassinic acid do not give ferric reactions and 
are comparatively stable to neutral aqueous potassium permanganate. Although experi- 
mental information on the nature of the norquassin — norquassinic acid change is not 
available it is tentatively suggested that the change involves, inter alia, re-arrangement of 
the benzilic acid type. It may be noted in this connexion that the infra-red absorption 
spectrum of methyl norquassinate has a hydroxyl-stretching band (3450 cm."}). 
Demethylation of norquassinic acid hydrate with hot hydrochloric—acetic acid gave 1so- 
bisnorquassinic acid which, on short treatment with diazomethane, furnished methyl 
isobisnorquassinate. The acid and its ester, which have strong ferric reactions, contain an 
enolic system which is independent of the carboxyl or ester group because both compounds 
show similar ultra-violet absorption characteristics, viz., Amax. ca. 283 my in alcohol, Amax. 
ca. 340 my in alcoholic alkali. On methylation with methyl sulphate and aqueous sodium 
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hydroxide isobisnorquassinic acid gave norquassinic acid hydrate and on prolonged treat- 
ment with diazomethane methyl isobisnorquassinate furnished methyl norquassinate. 
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From the present evidence it is possible that the enolic system obtaining in isobisnor- 
quassinic acid and its ester derives from an «-diketonic residue, but a full discussion of this 
is reserved for a future communication. 


EXPERIMENTAL 

Unless otherwise stated, molecular rotations were measured in CHCl, and ultra-violet 
absorption spectra (Unicam spectrophotometer) in EtOH. Infra-red absorption measurements 
were made with a Grubb-Parsons double-beam spectrometer and a paste of the material in 
“Nujol.” The light petroleum used had b. p. 60—80°. 

Isolation of Quassin and neoQuassin.—The following improved procedure is now employed. 
Powdered wood of Quassia amara Linn. (25 kg.) was percolated with methanol (150 1.), and the 
extract concentrated to ca. 41.; the spongy wood was percolated with water to recover part 
of the methanol (ca. 30 1.) retained. After having been decanted from black tar (ca. 100 ml.), 
the cooled concentrate was diluted with water (6 1.) to precipitate a brown resin (ca. 100 ml.), 
kept for a short time, and then decanted or filtered through hessian or cotton-wool to remove 
more resin. A solution of the tar and resinous precipitate in hot methanol (ca. 500 ml.) was 
cooled, decanted from gum which had separated, diluted with water (750 ml.), and filtered. 
The combined aqueous methanolic, tar-free solutions (ca. 11 1.) were extracted with benzene in 
a continuous extractor, and the concentrated benzene extract (ca. 400 ml.) was poured through 
a column of aluminium oxide (20 x 3 cm.) which was washed with more benzene (1 1.). The 
concentrated pale yellow eluate and washings (ca. 300 ml.) were agitated with 10% aqueous 
sodium hydroxide (300 ml.), and the alkaline extract was washed with chloroform and saturated 
with carbon dioxide, giving crude quassin. Concentration of the washed benzene and chloro- 
form liquors gave neoquassin; more meoquassin separated on addition of ethyl acetate to the 
benzene residue. 

A solution of the crude quassin in chloroform—benzene (1: 2) was poured through a column 
of aluminium oxide (2 x 5 cm.) (wash with same solvent), and the quassin recovered by evapor- 
ation; if this material gave a positive ferric test the chromatographic process was repeated. 
Recrystallised from ethyl acetate—light petroleum, quassin usually then had m. p. 222° (yield, 
12 g.). If the product had m. p. <222°, it was best purified by re-precipitation from aqueous- 
methanolic sodium hydroxide with carbon dioxide. A phenolic impurity (ca. 1 g.), which appears 
to be a mixture, was eluted from the aluminium oxide column with methanol. Recrystallised 
from methanol and then chloroform-ether, this substance formed needles, m. p. 273—275° 
(Found: C, 63-7; H, 6-8; OMe, 8-7%). 

meoQuassin was purified by precipitation from a solution in the minimum amount of hot 
methanol with 10% aqueous sodium hydroxide (5 ml.) followed by water (3 volumes). Re- 
crystallised from ethyl acetate—light petroleum, it had m. p. 228° (yield, 20 g.). The p-nztro- 
phenylcarbamate formed needles, m. p. ca. 180° (decomp.), from chloroform—ethy] acetate (Found : 
N, 5:0. C,H 3,O,N, requires N, 5-0%). 

Norquassin.—This has been prepared by the following improved method (cf. Part I, loc. 
cit.). A mixture of quassin (2 g.), 2N-hydrochloric acid (30 ml.), and acetic acid (10 ml.) was 
heated on the steam-bath for 1} hr., cooled, partly neutralised with aqueous 2N-ammonia (30 ml.), 
and kept for 18 hr. The resulting crystalline precipitate (1-2 g.) was dissolved in aqueous 
2n-sodium hydroxide, and the solution saturated with carbon dioxide, giving norquassin which 
separated from aqueous methanol and then chloroform—light petroleum in prisms (1-0 g.), m. p. 
246—247°, with a deep purple ferric reaction in alcohol [Amax, 258 (¢ 11,200) and 258 my (e 8200) 
with minor peak at ca. 312 my (¢ 3300) in alcoholic sodium hydroxide} [cf. Part I, loc. cit., where 
the m. p. was found to be 241-5—242-5° (decomp.)]. The small, methanol-insoluble residue was 
recrystallised from alcohol, giving bisnorquassin (0-15 g.), m. p. ca. 255° (decomp.). Heated 
with concentrated hydrochloric acid (0-3 ml.) and acetic acid (1 ml.) on the steam-bath for 1 hr., 
norquassin (0-1 g.) gave bisnorquassin which was precipitated from the reaction mixture with 
water (2 ml.) and had m. p. and mixed m. p. ca. 255° (decomp.), after purification by precipit- 
ation from aqueous sodium hydrogen carbonate with mineral acid, followed by recrystallisation 
from ethyl acetate. 

A mixture of norquassin (0-2 g.), hydroxylamine hydrochloride (0-4 g.), sodium acetate 
(0-5 g.), pyridine (2 ml.), and water (5 ml.) was kept at room temperature for 12 days and then 
warmed on the steam-bath until an oil separated. On being kept, this product solidified and 
was crystallised from aqueous alcohol, giving a compound in slender needles (0-2 g.), m. p. 
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228—230° (decomp.), which appears to be the hydrate of the oxime (Found: C, 61-5; H, 7:1; 
N, 3-1. C,,H,,0,N,H,O requires C, 61-9; H, 7-2; N, 3-4%. Calc. for oxime, C,,H,,0,N : 
C, 64-8; H, 7-0; N, 36%). This derivative, which gives a negative ferric reaction and is not 
dehydrated in a high vacuum at 160°, is soluble in aqueous sodium hydroxide and insoluble in 
aqueous sodium hydrogen carbonate. 

On being heated with sodium acetate (0-1 g.) and acetic anhydride (2 ml.) at 160° for 1} hr. 
norquassin gave the acetate, m. p. and mixed m. p. 236°, Amax, 240 my (¢ 11,200). Methylation 
of norquassin, m. p. 246—247°, with ethereal diazomethane regenerated quassin, m. p. 222°, 
unaccompanied by a second product (cf. Part I, loc. cit.). Quassin was also obtained by methy]l- 
ation of norquassin with methyl sulphate and alkali or with methyl iodide and potassium 
carbonate in boiling acetone. 

Dihydroquassin.—Zinc dust (2 g.) was added portion-wise in 2 hr. to a boiling solution of 
quassin (1 g.) in acetic acid (20 ml.), and the solution decanted, the zinc being washed with 
methanol. The combined solution and washings were concentrated, almost neutralised with 
aqueous sodium hydrogen carbonate, filtered, and extracted with chloroform. The product left 
on evaporation of the dried extracts was purified by chromatography from benzene on alu- 
minium oxide and then from methanol, forming plates (0-4 g.), m. p. ca. 110°, Anax, 252 my 
(c 8430), which retained solvent of crystallisation [Found: C, 65-2; H, 8-0; OMe, 21-1. 
Coo HH 4O,(OMe).,MeOH requires C, 65-4; H, 8-1; OMe, 22-0. Found, in specimen dried in a 
vacuum at 80°: C, 67-6; H, 7:8. C,,H3,O, requires C, 67:7; H, 7:7%]. A specimen, crystal- 
lised from alcohol, behaved similarly [Found: C, 65-8; H, 8-1; Alkyl-O, 10:3. 
Cy9H240,(OMe),.,EtOH requires C, 66-1; H, 8-3; Alkyl-O, 11:0%]. 

isoQuassin.—On being kept at room temperature for 18 hr. a solution of quassin (2 g.) in 
5°% ethanolic or methanolic hydrogen chloride (50 ml.) slowly deposited a crystalline product 
(1-5 g.), m. p. ca. 260°, having a bitter taste. This product, which separated from alcohol in 
fine needles or plates, m. p. 260°, was a mixture of quassin and isoguassin which were separated 
by a prolonged fractional crystallisation from chloroform-light petroleum. Ultimately the less 
soluble isomeride, isoquassin, was obtained in needles (0-4 g.), m. p. 292° (slight decomp.) which 
varied slightly with the rate of heating, [7]?! + 167° (c, 1-0), Anax, 258 my (e 12,700) [Found: 
C, 68-0; H, 7-1; OMe, 16-2. C,9H,.0,(OMe), requires C, 68-0; H, 7-3; OMe, 16-0%]. The 
same quassin—isoquassin mixture was obtained when the 5% alcoholic hydrogen chloride solu- 
tion was kept at room temperature for 4 days or at 50° for 4 hr. and when a solution of quassin 
(1 g.) in acetic acid (20 ml.) was heated under reflux for 6 or 12 hr. Like quassin, zsoquassin 
gives a negative ferric and Legal test, and decolorises potassium permanganate in aqueous 
acetone; it has solubility properties in organic solvents and in aqueous sodium hydroxide similar 
to those of quassin. If, however, the alkaline solution is heated the compound is converted 
into an amorphous, water-soluble acid. Unlike quassin, 7soquassin is tasteless and does not 
react with 2 : 4-dinitrophenylhydrazine. 

When a solution of itsoquassin (0-2 g.) in acetic acid (10 ml.) was heated under reflux for 
6 hr., the product consisted of a mixture (0-18 g.), m. p. 220—240°, of quassin and isoquassin. 
From this, part of the quassin (0-05 g.), m. p. and mixed m. p. 222°, was separated by the frac- 
tional crystallisation procedure, leaving the quassin—isoquassin mixture (0-7 g.), m. p. 262°. 

A solution of isoquassin (0-1 g.) in a mixture of acetic acid (1 ml.) and 2N-hydrochloric acid 
was heated on the steam-bath for 2 hr., cooled, basified with aqueous sodium hydroxide, satur- 
ated with carbon dioxide, and extracted with chloroform. Evaporation of the dried extracts 
gave norquassin, m. p. and mixed m. p. 246—247°, after purification from aqueous methanol, 
having the characteristic ferric reaction. Acidification of the alkaline liquors to Congo-red 
followed by extraction with chloroform gave a little bisnorquassin, m. p. and mixed m. p. ca. 255° 
(decomp.), identical with an authentic specimen. 

Bisnorquassin.—The m. p. ca. 255° (highest obtained, m. p. 263°) of this compound (Part I, 
loc. cit.) depends on the rate of heating and the nature of the solvent employed for purification, 
owing to retention of solvent of crystallisation. Although the crude compound had a pale green 
ferric reaction, this was negative in material purified by digestion with hot methanol followed 
by solution in aqueous sodium hydrogen carbonate and reprecipitation with acid, Amin, ~254 mu 
(¢ 1200), Amax, 312 my. (€ 18,800) [Anin, ~ 290 my (e 300), Anax, 384 my (e 48,100) in alcoholic alkali]. 
The diacetate (Part I, loc. cit.), Amax, 276 my (€ 20,100), Amin, ~225 my (e 2100), gave a 2: 4- 
dinitrophenylhydrazone which separated from alcohol in yellow needles, m. p. 236—238° (Found : 
N, 9-2. Cj 9H ;,0,,N, requires N, 9-0%). 

a-O-Methylbisnorquassin.—With diazomethane in ether—methanol or ether—chloroform for 
12 hr. bisnorquassin gave a-O-methylbisnorquassin which formed large prisms, m. p. 210°, from 
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methanol or chloroform-light petroleum, A, ,x. 315 my (¢ 22,600), Amin. ~250 my. (e 2200) (Found: 
C, 67-5; H, 6-9; OMe, 8-5. C,)9H,,;0;*OMe requires C, 67-4; H, 7:0; OMe, 8-3%). This com- 
pound, which does not form an acetate or carbanilate, is slowly soluble in warm aqueous sodium 
hydroxide and readily so in cold alcoholic sodium hydroxide from which it does not separate on 
dilution with water; carbon dioxide then precipitates the unchanged ether. 

B-OO-Dimethylbisnorquassin.—A solution of bisnorquassin (0-2 g.) in methanolic hydrogen 
chloride (15 ml.) was kept for 3 days and concentrated on the steam-bath. Treatment of the 
residual liquor (5 ml.) with an excess of aqueous sodium hydrogen carbonate gave a precipitate 
which, on recrystallisation from aqueous methanol containing a drop of ammonia and then 
from light petroleum mixed with a little alcohol, furnished 8-OO-dimethylbisnorquassin in small 
prisms, m. p. 192° (0-05 g.), Amin. ~257 my (¢ 1400), Anax, 313 my (¢ 19,500), insoluble in aqueous- 
alcoholic sodium hydroxide and having a negative ferric reaction [Found: C, 68-0; H, 7-2; 
OMe, 15-4. C9H,.0,(OMe),. requires C, 68:0; H, 7-3; OMe, 16:0%]. The 2: 4-dinitrophenyl- 
hydvazone separated from chloroform-—light petroleum in yellow plates, m. p. 274° (decomp.) 
(Found: N, 10-0. C,,H,,0,N, requires N, 9-9%). From dilute alcohol and then chloroform— 
light petroleum, the oxime formed plates, m. p. 265°, retaining solvent of crystallisation. 

With a hot mixture of acetic and hydrochloric acid B-OO-dimethylbisnorquassin gave bis- 
norquassin, m. p. and mixed m. p. ca. 255° (decomp.), after purification, whilst treatment with 
chloroformic perbenzoic acid at 0° for 2 days gave an epoxide which separated from acetone— 
light petroleum in rosettes of needles, m. p. 196—197°, readily soluble in ethyl acetate, Amax. 
232 my (e 11,400) [Found: C, 65-3; H, 6-8; OMe, 15-8. C, 9H,.0;(OMe), requires C, 65-3; 
H, 7:0; OMe, 15:3%]. 

B-O-Methylbisnorquassin.—Methylation of bisnorquassin (1 g.) with aqueous 2N-sodium 
hydroxide (20 ml.) and methyl sulphate (5 ml.) (added gradually) gave an acidic mixture which 
was basified with more aqueous sodium hydroxide (3 ml.) at below 30°. Some time later the 
neutral product (0-5 g.) was collected, washed, and recrystallised from alcohol-light petroleum, 
giving B-OO-dimethylbisnorquassin, m. p. and mixed m. p. 192°. Acidification of the alkaline 
liquor (Congo-red) precipitated 8-O-methylbisworquassin (0-42 g.) which formed prisms, m. p. 264° 
(decomp.), from dilute methanol, with a negative ferric reaction, Amin, ~257 my (€ 1300), Amax, 314 mu 
(e 19,200) [Anin. ~275 muy (e 600), Ayax, 389 mu (c 48,700) in alcoholic alkali] (Found: C, 67-1; 
H, 7:1; OMe, 8-4. C,y9H.,0;*OMe requires C, 67-4; H, 7-0; OMe, 8-3%). This ether was also 
formed by the dropwise addition of aqueous 2N-sodium hydroxide (10 ml.) to a solution of 
§-O0-dimethylbisnorquassin (0-5 g.) in boiling methanol (10 ml.) during 10 min. and then heating 
the mixture on the steam-bath for 40 min. to evaporate the greater part of the methanol. The 
compound (0-3 g.) was precipitated from the cooled residue with hydrochloric acid and, on 
purification by means of aqueous sodium hydrogen carbonate followed by crystallisation from 
acetone, had m. p. and mixed m. p. 264°. This ether is soluble in aqueous sodium hydrogen 
carbonate and, unlike bisnorquassin, in warm methanol. An acetone solution of the compound 
readily decolorised aqueous potassium permanganate. The 2: 4-dinitrophenylhydrazone 
formed rosettes of needles, m. p. 208° (decomp.), from alcohol, retaining solvent of crystallisation 
(Found in specimen dried in a high vacuum at 105°: N, 9-6. C,,H390,N, requires N, 10-1%). 
Prepared by pyridine—acetic anhydride, the acetate separated from ethyl acetate—light petroleum 
in rods, m. p. 199—200°, Anax. 277 my (e 15,800) (Found: C, 66-3; H, 6-8; OMe, 8-2. 
C.,.H,;0,*OMe requires C, 66-3; H, 6-5; OMe, 7-4%). 

Treatment of 8-O-methylbisnorquassin with a warm mixture of acetic and concentrated 
hydrochloric acid furnished bisnorquassin, m. p. and mixed m. p. ca. 255° (decomp.), after 
purification, whilst methylation with methanolic-ethereal diazomethane gave 8-OO-dimethyl- 
bisnorquassin, m. p. and mixed m. p. 192°. 

alloQuassinolic Acid.—A solution of quassin (2 g.) in 10% aqueous sodium hydroxide was 
boiled for 40 min., cooled, acidified (Congo-red) with sulphuric acid, and decanted from a little 
resin (ca. 0:2 g.). The crude acids were isolated by repeated extraction with chloroform and 
triturated with ethyl acetate. The resulting crystalline mixture had m. p. 210—220° (decomp.) 
and did not depress the m. p. of ‘‘ isoquassinic acid ’’ described in Part I (loc. cit.). By fractional 
crystallisation from chloroform—ethyl acetate this mixture was resolved into a more soluble acid 
in short rods (0-8 g.), m. p. 222° (decomp.), []?? —13° (c, 1-00), Amax, 257 my (e 14,000) [Found : 
C, 64-3; H, 7-3; OMe, 15-8. C,,H,,0;(OMe), requires C, 65-0; H, 7-4; OMe, 15-3%], and a 
less soluble isomeride, alloguassinolic acid, in short needles (0-1 g.), m. p. 240° (decomp.), [M]} 
+78° (c, 0-166), Amax, 258 my (e 13,200) [Am.x, 259 my (e 15,200) in alcoholic alkali (Found : C, 64-9; 
H, 7-3; OMe, 15-3%). Increasing the time of hydrolysis appeared to favour the yield of allo- 


quassinolic acid at the expense of the acid, m. p. 222°. The acid, m. p. 222°, is readily soluble in 
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water or alcohol, sparingly soluble in ether or light petroleum, and moderately soluble in other 
solvents. alloQuassinolic acid is readily soluble in alcohol, but sparingly soluble in water and 
most organic solvents including chloroform. Both acids dissolve in aqueous sodium hydrogen 
carbonate with effervescence and are reprecipitated on acidification of their solutions. The 
acid, m. p. 222°, which has a bitter taste, instantaneously decolorises dilute aqueous sodium 
permanganate whilst the tasteless isomeride does so more slowly. 

Prepared with ethereal diazomethane, the methyl ester of the acid, m. p. 222°, separated from 
ethyl acetate in prisms, m. p. 188° [Found: C, 66-0; H, 7-9; OMe, 22-5. (C,9H,,0,(OMe), 
requires C, 65:7; H, 7:7; OMe, 22-1%]. Methyl B-alloqguassinolate formed needles, m. p. 180°, 
from ethyl acetate-ether-—light petroleum (Found: C, 66-6; H, 7-9%). A mixture of the two 
esters had m. p. 160—170°. 

When heated with acetic acid (1 g.) and concentrated hydrochloric acid (0-3 g.) on the 
steam bath for 1 hr. either acid (0-1 g.) gave bisnorquassin (ca. 0-05 g.), m. p. and mixed m. p. 
253° (decomp.), after purification from chloroform-light petroleum. On being heated at 
220°/0-05 mm. the acid, m. p. 222° (0-4 g.), gave a mixture from which alloquassin was isolated 
by repeated crystallisation from methanol, forming needles (0-12 g.), m. p. 267—268°, tasteless, 
insoluble in cold aqueous sodium hydroxide, having a negative ferric reaction, and readily 
decolorising aqueous potassium permanganate, [M]?? + 705° (c, 1:00), Amax, 262 my (e 12,600 
(Found: C, 68-3; H, 7:2. Cy.H,,0, requires C, 68:0; H, 7:3%). Heated at 220°, allo- 
quassinolic acid (0-1 g.) gave a product which on crystallisation from methanol gave alloquassin 
(0-05 g.), m. p. and mixed m. p. 267—268°; heating the acid at 260°/0-4 mm. caused it to 
sublime. 

The acid, m. p. 222° (0-45 g.), was heated under reflux with acetic anhydride (10 ml.) and 
sodium acetate (0-5 g.) for 1} hr., the cooled mixture was treated with methanol (10 ml.), the 
methyl acetate and excess methanol were evaporated, and the residual liquor was partially 
neutralised. After being triturated with aqueous sodium hydrogen carbonate, water, and then 
hot ethyl acetate, the solid crystallised from chloroform—ethyl acetate, giving a third isomeride 
of quassin in prisms (0-2 g.), m. p. 310—312° (decomp.), depressed on admixture with alloquassin, 
and having properties similar to this compound, A,,x, 258 my (e 8400) [Found: C, 67-6; H, 
7-1; OMe, 16-2. Cy 9H,.0,(OMe), requires C, 68-0; H, 7-3; OMe, 16-0%]. Under the same 
conditions alloquassinolic acid yielded alloquassin, m. p. and mixed m. p. 267—268°. 

neoQuassin Derivatives—A solution of meoquassin (0-5 g.) in 3% methanolic hydrogen 
chloride (20 ml.) was kept at room temperature for 4 days and neutralised with aqueous sodium 
hydrogen carbonate. The resulting product separated from aqueous methanol in prisms (0-4 g.), 
identical with the compound described as O-methylveoquassin, m. p. 156°, in Part I (loc. cit.). 
This product (0-8 g.) was adsorbed from benzene (6 ml.) on a column of aluminium oxide (1 x 40 
cm.). Elution with benzene (160 ml.) gave «-O-methylneoquassin which separated from benzene— 
ether in prismatic needles (0-15 g.), m. p. 173—174°, [M]? + 260° (c, 0-98), unchanged on re- 
peated chromatography [Found: C, 67:7; H, 7-9; OMe, 23-5. C, 9H,,;0,(OMe), requires C, 
68:3; H, 8-0; OMe, 23-0%]. Subsequent elution of the aluminium oxide column with benzene- 
ethyl acetate (1 : 1) gave 8-O-methyineoquassin (0-07 g.) which, on recrystallisation from benzene- 
ether, had m. p. 210° and was slightly impure. The pure 8-ether was prepared by methylation 
of neoquassin .(0-5 g.), dissolved in dioxan (5 ml.), with methyl sulphate (2-5 ml.) and 10% 
aqueous sodium hydroxide (30 ml.) or by methyl sulphate and potassium carbonate in boiling 
acetone. Crystallisation of the product (0-45 g.) from ethyl acetate-light petroleum gave 
8-O-methylveoquassin in prismatic needles, m. p. 212—213°, [M]?} —181° (c, 0-99) (Found : 
C, 68-7; H, 8-0; OMe, 22-4%). This ether sublimed unchanged at 200°/0-3 mm. 

The ethyl ether, m. p. 190—192°, of neoquassin described in Part I (loc. cit.) is «-O-ethylneo- 
quassin, m. p. 194—196°, [M)7} +137° (c, 1-0). With ethyl sulphate and aqueous sodium 
hydroxide, neoquassin (1 g.) yielded a product (0-87 g.) which on recrystallisation from ethyl 
acetate-light petroleum gave $-O-ethylneoquassin in square prisms, m. p. 203—204-5°, [M]?! 

69° (c, 1-0) [Found : C, 68-8; H, 8-1; Alkyl-O, 10-5. C, 9H,,0,(OMe),(OEt) requires C, 68-9; 
H, 8-2; Alkyl-O, 11-99%]. Except for their lack of taste the O-alkylmeoquassins closely resemble 
quassin and meoquassin, being extremely soluble in chloroform or acetic acid, readily in methanol 
or alcohol, and sparingly in dioxan, ethyl acetate, or benzene. The ethers are stable to warm 
alcoholic sodium hydroxide. With 3% methanolic hydrogen chloride during 4 days B-O-methy]l- 
neoquassin (0-2 g.) was converted into «-O-methylneoquassin (0-15 g.), m. p. and mixed m. p. 
172—173°, after purification from ether-ethyl acetate (2:1). When boiled with acetic acid for 
2 hr., «- or 8-O-ethylneoquassin (0-1 g.) reverted to neoquassin (0-07 g.). Treatment of the 
methyl or ethyl ether (0-1 g.) with warm acetic acid (1 ml.) and hydrochloric acid (1 ml.) on the 
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steam-bath for 1 hr. gave norneoquassin, m. p. and mixed m. p. 212° after purification from 
ethyl acetate-light petroleum (Part I, loc. cit.). 

Saturated ethereal hydrogen chloride (20 ml.) was added to a mixture of meoquassin (1 g.) 
and ethanethiol (2 ml.) and 5 minutes later rosettes of ethylthioneoquassin began to separate. 
Half an hour later the mixture was evaporated in a vacuum at room temperature and the pro- 
duct recrystallised from alcohol, light petroleum, and then chloroform-light petroleum, forming 
needles, m. p. 172—174° [Found: C, 66-1; H, 8-0; S, 6-5; OMe, 13-9. C,,H,,0,S(OMe), 
requires C, 66-3; H, 7-9; S, 7-3; OMe, 14-39%]. This tasteless derivative is stable to warm 
aqueous sodium carbonate and is decomposed with hot dilute acetic acid (odour of thiol). 

Anhydroneoquassin.—A mixture of neoquassin (2 g.), sodium acetate (1 g.), and acetic an- 
hydride (10 ml.) was heated under reflux (oil-bath at 160°) for 2 hr., part of the anhydride 
distilled, and the cooled residue mixed with methanol (10 ml.). After removal of the excess of 
methanol and methyl acetate in a vacuum, the slow addition of water (30 ml.) gave anhydro- 
neoguassin (1-5 g.) which crystallised from aqueous alcohol and then ethyl acetate in short rods, 
m. p. 194—195°, [1]?! —155° (c, 0-99), Ama,. 255 my (e 11,430) [Found: C, 70-3; H, 7-5; OMe, 
15-4. Cy 9H..0,(OMe), requires C, 70-9; H, 7-6; OMe, 16-7%]. This tasteless compound 
readily decolorised aqueous potassium permanganate and gave an amorphous product with 
2: 4-dinitrophenylhydrazine. On being refluxed with 2Nn-acetic acid (10 ml.) anhydroneo- 
quassin (0-11) was almost quantitatively hydrated to neoquassin, m. p. and mixed m. p. 227 
228°, whilst with 3% alcoholic hydrogen chloride at room temperature for 3 days it gave 
a-O-ethylneoquassin. Boiled with a mixture of 3% hydrochloric acid (5 ml.) and dioxan 
(0-1 ml.) for 3 hr., anhydroneoquassin furnished normeoquassin, m. p. and mixed m. p. 212° 
after purification from ethyl acetate-light petroleum, and having the characteristic ferric 
reaction. 

Dihydroneoquassin Acetate—Reduction of neoquassin (3 g.) with zinc dust (10 g.) and acetic 
acid (25 ml.) by the method employed for the preparation of dihydroquassin furnished dihydro- 
neoquassin acetate (0-8 g.) which separated from alcohol-light petroleum and then dilute alcohol 
in needles, m. p. 227°, Amax. 252 my (e 9200) [Found: C, 66-1; H, 8-2; OMe, 14-2; OAc, 13-5. 
Cy9H3,;0,(OMe),(OAc) requires C, 66-3; H, 7-8; OMe, 14:3; OAc, 13-6%]. 

Norneoquassin.—This compound (Part I, Joc. cit.), [M]?} +179° (c, 1-0), had Amax, 257 mu 
(c 12,000) [Amax. 254 my (¢ 8950) with minor peak A,,,,. 310 my (e 4130) in 0-5% alcoholic sodium 
hydroxide] and formed a 2: 4-dinitrophenylhydrazone which separated from aqueous acetone in 
rosettes of pale yellow needles, m. p. 190° (Found: N, 8-9. C,,H,,O,N, requires N, 10-1%). 
With ethereal diazomethane or with methyl iodide (3 ml.) and potassium carbonate (5 g.) in 
boiling acetone (25 ml.) for 4 hr. normeoquassin (0-5 g.) gave meoquassin (0-35 g.), m. p. and 
mixed m. p. 212°, after purification from ethyl acetate. Methylation of norneoquassin with 
methyl sulphate and 10% aqueous sodium hydroxide gave 8-O-methylmeoquassin, m. p. and 
mixed m. p. 212—213°. 

Norneoquassinic Acid.—A solution of norneoquassin (1-7 g.) in 10% aqueous sodium hydr- 
oxide (30 ml.) was heated on the steam-bath for 2 hr., cooled, and saturated with carbon dioxide 
to remove a trace of unchanged compound. From the acidified aqueous liquor norneoqguassinic 
acid was isolated with chloroform and crystallised from ethyl acetate—light petroleum and then 
ethyl acetate, forming prisms (1-2 g.), m. p. 217—218° (decomp.), Amax, 259 my (e 8430), [7}%) 

+107° (c, 1:0), pK, 5:75 [Found: C, 64-2; H, 7-5; OMe, 8-9; equiv. (by titration), 394. 
CygH,704*OMe requires C, 64-0; H, 7-7; OMe, 7-9%; M, 394]. This compound has a negative 
ferric reaction and does not react with aqueous potassium permanganate, with benzenediazon- 
ium chloride, or with 2: 4-dinitrophenylhydrazine. Prepared by use of diazomethane, the 
methyl ester separated from ethyl acetate-light petroleum in prisms, m. p. 168—170°, [M1? +-40° 
(c, 0-096), Amax, 259 my (ec 9110) (Found: OMe, 16-5. C,9H,,0;(OMe), requires OMe, 15-2%]. 

Norquassinic Acid.—Oxidation of norneoquassinic acid (1 g.), dissolved in 1% aqueous 
sodium hydroxide (25 ml.), with a slight excess of 1% aqueous potassium permanganate (added 
dropwise) and clarification of the acidified mixture with sulphur dioxide gave the hydrate of 
norquassinic acid which separated from methanol—ethy] acetate (1 : 9) in needles (0-6 g.), m. p. 
236—237°, unchanged on sublimation at 200°/0-001 mm., [M]?? —120° (c, 0-2), Amax, 259 mu 
(c 9640), pk, 5-4 [Found, in specimen dried in a vacuum at 60°: C, 61-4; H, 7-4; eqniv. (by 
titration), 410, 434. C,,H,,;0,*>O0Me,H,O requires C, 61-4; H, 7:-4%; M, 410]. This com- 
pound has a negative ferric reaction and does not react with 2 : 4-dinitrophenylhydrazine. Pre- 
pared from the acid by means of diazomethane or 3% methanolic hydrogen chloride at room 
temperature for 3 days, methyl norquassinate separated from ethyl acetate-light petroleum in 
needles, m. p. 290—292° (decomp.), [17]?? —119° (c, 0-42), Amax, 257 my (e 9950) [Found: C, 
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65-0; H, 7-4; OMe, 16:1. C,ygH,4O;(OMe), requires C, 65-0; H, 7-4; OMe, 15-2%]. In warm 
aqueous 2N-sodium hydroxide the ester regenerated the parent acid. 

A mixture of methyl norneoquassinate (0-2 g.), sodium dichromate (0-2 g.), sodium acetate 
(0-5 g.), acetic acid (5 ml.), and water (3 ml.) was heated under reflux for 2 hr., cooled, and diluted 
with water (20 ml.), giving methyl norquassinate (0-2 g.) in needles, m. p. and mixed m. p. 295° 
after purification from methanol. 

Norquassinic acid was also prepared by heating a solution of norquassin (1 g.) in 10% 
aqueous sodium hydroxide (20 ml.) on the steam-bath for 1 hr. On isolation from the cooled, 
acidified solution with chloroform the acid separated as the hydrate, m. p. and mixed m. p. 
236—237°, from methanol-ethyl acetate (Found: C, 61-4; H, 7-4; OMe, 8-6%), and with 
diazomethane gave the methyl ester, m. p. and mixed m. p. 290—292°. 

On being heated under reflux for 45 min. and treated with water, a mixture of norquassinic 
acid (0-2 g.), acetic anhydride (4 ml.), and sodium acetate gave a neutral acetylation product 
which separated from aqueous methanol in short lustrous needles, m. p. 203°, Anax, ~224 and 
284 mu (c 6000 and 4200) (Found: C, 66-1; H, 6-6. C,,;H,,0, requires C, 66-3; H, 6-8%). 
This compound, which is insoluble in aqueous sodium hydrogen carbonate, gives the hydrate of 
norquassinic acid, m. p. and mixed m. p. 236—237°, on treatment with warm alcoholic sodium 
hydroxide on the steam-bath. 

isoBisnorquassinic Acid.—Norquassinic acid (0-5 g.) was heated with acetic acid (10 ml.) and 
concentrated hydrochloric acid (1-5 ml.) on the steam-bath for 7 hr. On isolation from the 
diluted mixture with chloroform, the resulting isobisnorquassinic acid was triturated with a little 
acetic acid and then crystallised from dilute methanol, forming small prisms, m. p. 238—240° 
(decomp.), with a dark green ferric reaction, [M]?? —33° (c, 1-0), Amax, 282 mu (€ 7910) [Amax, 
340 mu. (c 6000) in 0-9% alcoholic potassium hydroxide] (isosbestic point 305 mu, ¢ 3350), pK, 4-8 
(Found: C, 63-5; H, 6-7; OMe, negative. C,,H,,O, requires C, 63-5; H, 6-9%). Esteri- 
fication of this acid in ether with a slight excess of diazomethane for 1 min. gave methyl iso- 
bisnorquassinate which separated from ethyl acetate-light petroleum in needles, m. p. 227— 
228°, with a dark green ferric reaction, []?? —30° (c, 1-0); Amax, 284 my (¢ 8500) (Amax, 294, 335 mu 
(c 4200, 3900) in 0-04% alcoholic potassium hydroxide and A,,,,, 342 my (¢ 6200) in 0-2% alcoholic 
potassium hydroxide (isosbestic point 307 mu, ¢ 3700)] (Found: C, 64-1; H, 7-1; OMe, 8-0. 
Cy9H,;0,"OMe requires C, 64-3; H, 7-2; OMe, 7-9%). In aqueous 2N-sodium hydroxide on the 
steam-bath for 20 min. this ester regenerated the parent acid. On treatment with an excess of 
diazomethane for 4 days isobisnorquassinic acid gave rise to methyl norquassinate, m. p. and 
mixed m. p. 290—292° after purification from methanol-ethy] acetate. When a solution of 
isobisnorquassinic acid (0-05 g.) in aqueous 2N-sodium hydroxide (3 ml.), containing methyl 
sulphate (0-6 ml.), was agitated for 4 hr. and acidified, the hydrate of norquassinic acid was 
obtained having m. p. and mixed m. p. 233°. 

By the pyridine method methyl bisnorquassinate gave an acetate which separated from 
aqueous methanol and then ethyl acetate—light petroleum in needles, m. p. 203°, Amax, 247 mu 
(¢ 10,000), having a negative ferric reaction (Found: C, 63-6; H, 7-2; OMe, 7:2. C,,H,,0,*;OMe 
requires C, 63-6; H, 7-0; OMe, 7-1%). 
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The Synthesis of 1: 2: 4-Oxadiazoles. 


By KENNETH CLARKE. 
[Reprint Order No. 5505.] 


The reaction, first described by Tiemann and Kruger, of nitriles with 
hydroxylamine to give amidoximes has been extended to a series of 
substituted nitriles and 3-cyanopyridine. Subsequent acylation and cyclis- 
ation gave the corresponding 1 : 2 : 4-oxadiazoles. Condensation of phthalo- 
nitrile with hydroxylamine gave the ‘‘ dioxime’’ of phthalimide. 


LitTLE work (Marson et al., J. Amer. Chem. Soc., 1942, 64, 2902) has been carried out on 
the 1:2: 4-oxadiazoles, possibly owing to the low bacteriocidal activity of 1:2: 5- 
oxadiazoles (furazans). Beckmann prepared | : 2 : 4-oxadiazoles by oxidation of oximes 
(Ber., 1889, 22, 1589), but the value of this method is limited because it gives symmetrically 


N-CAr 
substituted oxadiazoles : SPE ORE eter: b on Musante obtained a few 
AT. 


1: 2:4-oxadiazoles by condensation of phenylhydrazine hydrochloride with chloro- 
aldoximes (Gazzetta, 1938, 68, 331). Tiemann and Kruger (Ber., 1884, 17, 126), however, 
found that nitriles condense with hydroxylamine hydrochloride to form amidoximes, and, 
e.g., benzamidoxime with acetic anhydride or benzoyl chloride yielded 5-methyl-3-phenyl- 
and 3: 5-diphenyl-1 : 2 : 4-oxadiazole respectively. 

In view of the known activity of the intermediate amidoximes against trypanosomes 
(Lamb and White, J., 1939, 1253) and rickettsia (Andrews, King, and Walker, Proc. Roy. 
Soc., 1946, B, 188, 20), the reaction has been applied to the synthesis of amidoximes and 
the corresponding 1 : 2: 4-oxadiazoles from some substituted benzonitriles, 3-cyano- 
pyridine, and phthalodinitrile. The yields, with one exception, were 75—90%. 0-Nitro- 
benzonitrile undergoes hydrolysis to the o-nitrobenzamide. 

The condensation of phthalonitrile is of particular interest in that the product is the 
‘“dioxime’”’ of phthalimide (1 : 3-dihydroxyiminotsoindoline) (85% yield) and not the 
diamidoxime. Wibaut and Kampschmidt (Rec. Trav. chim., 1952, 71, 601) recently 
obtained a very small yield of this product by reaction of phthalaldehyde with hydroxyl- 
amine—the main product is the “ monoxime,’’ and they suggested that the “ dioxime ” 
results by further reaction of the “ monoxime.’’ It seems more probable, however, that 
the former is derived from phthalonitrile. Phthalaldehyde and hydroxylamine might be 
expected to form a little dialdoxime, which under the mildly alkaline conditions of the 
reaction, could give rise to phthalonitrile and thence, by reaction with more hydroxyl- 
amine, be transformed to “ phthalimide dioxime ’’ (cf. Reissert, Ber., 1908, 41, 3815) : 


4cHO 7 CH:N-OH CN 
| IcHo ~~ | IlcHo —, | IcHo 
Wi YY YF 


—— 


C:N-OH 

7 cn 
. /YCH:N:OH A 
Y/ C N oN i 
C:N-OH 

The “ dioxime ’’ forms a diacetate and a dibenzoate. It is converted into phthalimide 
by nitric-sulphuric acid as described by Wibaut and Kampschmidt for the hydrolysis of 
the “‘ monoxime.” 

The amidoximes and the oxadiazoles synthesised are being tested for bacteriocidal 


activity. 


EXPERIMENTAL 
p-Bromobenzamidoxime.—p-Bromobenzonitrile (10 g.) was heated with anhydrous sodium 
carbonate (10 g.) and hydroxylamine hydrochloride (14 g.) in water (150 ml.) on a steam-bath 
for 1} hr., sufficient ethanol being added to maintain a clear solution. The amidoxime, which 
separated on cooling, crystallised from ethanol as flat prisms (10-5 g.), m. p. 146—147°. 
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The amidoxime (2 g.) reacted rapidly with acetic anhydride (4 ml.). After } hr. the excess 
of anhydride in the crystalline mass was decomposed by water and aqueous ammonia, and the 
O-acetyl derivative crystallised from ethanol as prisms (2-2 g.), m. p. 145°. 

p-Bromobenzamidoxime (2 g.) was treated for 4 hr. at room temperature with benzoyl 
chloride (4 ml.). Water and aqueous ammonia were added, and the O-benzoyl derivative 
crystallised from ethanol as plates (2-6 g.), m. p. 161°. 

These and other compounds similarly prepared are recorded in the Tables. 


Found (°%%) Required (°%) 
M. p. Solvent ¢ Cc H N Formula ¥ H 
Amidoximes, R*C ierecuulens 
PU: decide duvepwiaxevevens 80 C,H, -- - 
PA RRM 00 500 s00:000 147 Aq. EtOH - —- 18-9 
o-MeO:C,H, 123 C,H, --- — 16-9 
PG Pe >. crs isecss 146 Aq. EtOH 39-3. 3-3)—s«13-0 C; *H ‘ON, Br 
p-NO,"C,H,yCH, ... 170 4H,O 49-0 46 21-6 C.H,O,N, 
3-Pyridyl Ree om 134 C,H, 52:4 49 30-8 C,H;ON, 


O-Acetylamidoximes, R* othe )IN-OAc. 


PN Saves sspcs maaan 96 EtOH 
POC, 2 C,H, 62-5 5 
o-MeO:C,I CcH. Pet - 
p-C,H, jp 4 EtOH 418 
p- NO, C eH, ‘CH, “et f EtOH 50-8 
3-P yridyl oigisoesets EtOH-C,H, 53-6 


ee ee 
SIS Ye | 
DN 


Crsg¢ 


O-Benzovlamidoximes, 
ig reper ores: EtOH 
POH Me... issneveed 7 EtOH 2 C 1sH 10, N, -- 11-0 
o-MeO-C,H, ° —— EtOH - 
p-C,H,Br j EtOH 52-E . 3. Cc Hy 10; N,Br 52: “4! 8-7 


p-NO,°C,H,°CH,g ... Aq. EtOH 59 , : Cistis ON; 60-2 35 «14-0 

3-P yridyl Bert { C,H, ° , 17-1 Colleie Ny 64-7 . 17-4 

* Pet light petroleum (b. p. 60—80°). ° Tiemann gives 140°. ‘* Even benzoylation with less 

than 1 mol. proportion of acid chloride at —5° gave the dibenzoyl derivative, m. p. 139° (Found: C, 
70:7; H, 4-7; N, 7-6, 7-4. C,.gH,,0,N, requires C, 70-6; H, 4-8; N, 7-5%). 


1 : 2: 4-Oxadtazoles. 
Found (%) Required (%) 
3-Subst. M. p. Solvent ¢ Cc “er N Formula 
3-Substituted 5-methyl-1 : 2 : 4-oxadiazoles. 
41 Pet 
80 Aq. EtOH 
121 C,H,—Pet — 
103 EtOH 44-9 2-9 
NO, . 68 Aq. EtOH 54:9 4-2 
PE VYTIAYL sesiccssvencs 113 Pet 59-9 «4:3 25-8 


3-Substituted 5-phenyl-1 : 2 : 4-oxadiazoles. 
gn ee 108 EtOH - 
p-C,H,Me 7 


o-MeO'C,H, ; i : a 
p-C,H, Br x 2 = 55:8 3-05 Q- o 14 ,H SON »Br 55:8 3-0 


p- NO,"C,H,-CH, i 64:3 3-9 5-0 CisH,,0,N; 64:1 3-9 
3-P yridy! ea eecatens y ” 69-7 4:15 19-1 ~ 13H ON; 69-9 40 
* Pet light petroleum (b. p. 60—80°). % Cyclisation by steam-distillation or in boiling glacial 
acetic acid for $ hr. ¢ Cyclisation in boiling acetic acid for $ hr. 


3-p-Bromophenyl-5-methyl-1 : 2 : 4-oxadiazole.—(a) p-Bromobenzamidoxime (2 g.) was heated 
for 3—4 min. with acetic wae (6 ml.), the solution solidifying on cooling. After 
decomposition of the unused anhydride and recrystallisation from ethanol, 3-p-bromophenyl-5- 
methyl-1 : 2 : 4-oxadiazole was obtained as colourless prisms (2-1 g.), m. p. 103°. 

(b) O-Acetyl-p-bromobenzamidoxime (0-5 g.) was heated just above its m. p. (7.e., 150°), and 
the product cooled and crystallised from ethanol (yield, 0-38 g.). 

3-p-Bromophenyl-5-phenyl-1 : 2 : 4-oxadiazole.—(a) p-Bromophenylbenzamidoxime (2 g.) 
was heated with benzoyl] chloride (5 ml.) until a clear solution was obtained (3—4 min.). The 
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product solidified on cooling, and, after it had been freed from excess of benzoyl chloride with 
aqueous ammonia, the oxadiazole crystallised from ethanol as colourless prisms (2-7 g.), m. p. 
112°. 

(b) O-Benzoyl-p-bromobenzamidoxime (0-5 g.) was kept above its m. p. for 3 min. The 
resulting oxadiazole (0-35 g.) was crystallised from ethanol. 

These and other oxadiazoles are recorded in the Tables. 

Phthalimide ‘‘ Dioxime”’ (1 : 3-Dihydroxyiminoisoindoline).—Phthalonitrile (5 g.) was heated 
with sodium carbonate (10 g.) and hydroxylamine hydrochloride (14 g.) in water (150 ml.) and 
ethanol (50 ml.) on a steam-bath for 14 hr., the product gradually crystallising. It recrystal- 
lised from acetic acid or dilute pyridine as pale straw-coloured prisms (6 g.), m. p. 271° (Wibaut 
et al., loc. cit., give m. p. 264°) (Found: C, 54:6; H, 4:0; N, 24-1. Calc. for C,H,0,N,;: C, 
54-2; H, 3-95; N, 23-8%). 

The product (1 g.) was added gradually to a stirred mixture of 65% nitric acid (25 ml.) and 
concentrated sulphuric acid (25 ml.) at room temperature. After } hr., the solution was poured 
into water, and the precipitate was collected and crystallised from ethanol, to give phthalimide 
(0-65 g.), prisms, m. p. and mixed m. p. 133°. 

The ‘‘ dioxime ’’ (1-0 g.) was heated with excess of acetic anhydride (5 ml.) until a clear 
solution was obtained, then cooled, diluted with water, and set aside until the solid diacetyl 
derivative separated. Crystallisation from aqueous ethanol gave the diacetate (1-1 g.) as colour- 
less prisms, m. p. 192° (Found: C, 55:2; H, 4:3; N, 16-2. C,,H,,0O,N, requires C, 55-2; H, 
4-2; N, 16-1%). 

The ‘‘dioxime”’ (1-0 g.) was heated with excess of benzoyl chloride (6 ml.) until a clear solution 
was obtained. On cooling, excess of benzoyl chloride was decomposed by aqueous ammonia. 
The resulting dibenzoyl derivative was rather insoluble in ethanol and was crystallised by 
dissolving it in chloroform and adding a large volume of ethanol, being obtained as pale yellow 
prisms (1-9 g.), m. p. 248° (Found: C, 68-2; H, 4:1; N, 10-8. C,,H,;0,N, requires C, 68-5; 
H, 3-89; N, 10-9%). 

The author thanks Imperial Chemical Industries Limited for a grant in aid of this work. 
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Studies with Dithizone. Part VI.* S-Alkyldithizones. 


By H. Irvine and C. F. BELL. 
[Reprint Order No. 5523.] 


The synthesis of 3-methylthio-1 : 5-diphenylformazan and its identific- 
ation with the products obtained by methylating silver ‘‘ keto ’’ dithizonate 
and the dithizonate ion are discussed in relation to the structure of the metal 
dithizonates. 


“e , 


THE structure (IIa) for the analytical reagent “‘ dithizone’’ is supported by a recent 
synthesis (Irving and Bell, J., 1953, 3538) from 3-chloro-1 : 5-diphenylformazan (I; X = 
Cl) and sodium hydrogen sulphide, but the possibility of its solutions containing the 
thiol (IIa) and the thione form (II) in tautomeric equilibrium is strongly supported by 
studies of absorption spectra which will be reported later. 


Fa) 


Te 
Ph-NH-Ny 5 Ph:-NH:Nx Ph-NH-NH\. 
C*SH Cc: 


/ 
4 


Ph:N=N” Ph:N==N” Ph+N——=N’ 
g 2 


(I) (IIa) (IIb) 


Despite the extensive use in analysis of the chelate compounds which dithizone forms 
with metals, their structures have not been elucidated. Absorptiometric studies by 
“reversion ’’ procedures (cf. Irving, Risdon, and Andrew, /., 1949, 537, 541; Irving and 
Bell, Joc. cit. and refs. therein), or by Job’s method of continuous variations (Irving, Bell, 


* Part V, J., 1953, 3538. 
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and Williams, J., 1952, 357; Cooper and Hibbits, J. Amer. Chem. Soc., 1953, 75, 5084), 
only established the number of molecules of dithizone which have reacted with each 
metal ion. The actual displacement of hydrogen by metal during complex formation has 
been demonstrated experimentally in certain cases (cf. Irving, Cooke, Woodger, and 
Williams, J., 1949, 1847) and inferred in others, but the number of hydrogen atoms 
replaced per atom of metal has rarely been established by precise analysis of a pure, solid 
complex, and in one case only by a complete study of partition equilibria (Irving, Bell, 
and Williams, loc. ctt.). 

Fischer (Angew. Chem., 1934, 47, 685; 1937, 50, 919) postulated that the so-called 
metal ‘‘ keto ’’ dithizonates were derived from the thione form (IId) by replacement of 
the hydrogen of the phenylamino-group. Silver “ keto ’”’ dithizonate was formulated as 
(III). However, since the grouping -NH-C(S)- is still present it would be more likely to 
exist in the tautomeric form (IV; R = H) since this would be stabilised by resonance. In 
that event the presence of the 3-thiol group should confer acidic properties which have 
not, in fact, been observed. 

NPh—NH /NPh—Ny 
Ag es Ag SC-SR 
NPh==N ‘NPh=N’ 
(III) 


Dithizone is a monobasic acid (Irving, Cooke, and Woodger, Joc. cit.) and dissolves in 
aqueous alkali. The action of methyl sulphate on such a solution gives a monomethy] 
derivative of dithizone as an almost black solid with a bronze reflex, m. p. 119—120°. 
That the methyl group is attached to sulphur and not to nitrogen is established by its 
identity with 3-methylthio-1 : 5-diphenylformazan (I; X = MeS) prepared by the action 
of sodium methyl sulphide on 3-chloro-1 : 5-diphenylformazan (I; X =Cl). We also 
find that the same S-methyldithizone is produced by the action of methyl iodide on a hot 
chloroform solution of silver ‘‘ keto” dithizonate, an observation which is difficult to 
reconcile with its formulation as (III) or (IV). 3-Methylthio-1 : 5-diphenylformazan was 
purified most conveniently chromatographically on a column of alumina, and the identity 
of the substances prepared by the three routes was established by analyses and mixed 
melting points, and by their giving identical absorption spectra in carbon tetrachloride. 
3-Ethylthio-1 : 5-diphenylformazan, m. p. 70° (as I; X = EtS), closely resembles its lower 
homologue. 

Since 3-methylthioformazan still possesses a potentially ionisable hydrogen atom in 
position 5, it ought to form complexes of the “ keto’’ type if Fischer’s hypothesis were 
correct. It is, however, insoluble in aqueous alkali as expected. But even when its 
solution in chloroform was shaken with aqueous solutions of copper, silver, mercury, zinc, 
or cadmium salts at various pH, no evidence of complex formation could be obtained under 
conditions where metal dithizonates are very readily produced. Although red crystals, 
m. p. 144°, separate on mixing of a solution of mercuric acetate in acetone with one 
molecular equivalent of S-methyldithizone, this loose adduct has a metal : ligand ratio of 
0-6: 1 and after dissolution in chloroform it gives the absorption spectrum appropriate to 
its content of S-methyldithizone. Copper and palladium gave similar addition compounds 
to which no definite molecular formule could be ascribed. 

Since its ability to dissolve in aqueous alkali and to form metal dithizonates is lost on 
S-alkylation, it seems certain that the acidic properties of dithizone are derived from the 
thiol form (IIa) and that the “ keto’ complexes are to be formulated as thiol derivatives 
as suggested previously (Irving, Cooke, Woodger, and Williams, Joc. cit.). Studies of 
N-alkylated and deuterated dithizones designed to confirm this hypothesis and to elucidate 
the structure of the so-called “‘ enol’ complexes will be reported later. 

Freshly prepared S-methyldithizone gives permanganate-pink solutions in a number 
of organic solvents, e.g., light petroleum, but when they are kept for some hours in the dark 
or in diffused daylight the colour changes to yellow. The original colour is restored by 
exposure to bright sunlight or by irradiation of light of short wave-length. An examin- 
ation of these changes will be reported later. The absorption spectra of S-methyl- and 
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S-ethyl-dithizone are very similar, as shown by the tabulated data for “ pink ’’ solutions 
in acetone, although they differ appreciably from that of dithizone itself. 


Absorption spectra in acetone. 

LIEMIZO  caticenesnqudyens bray Cubed eagsu ees sa wav tes 524 
0-61 

3-Methylthio-1 : 5-diphenylformazan 448 
: 0-58 

3-Ethylthio-1 : 5-diphenylformazan 462 
. 0-56 

* Indicates a maximum; otherwise minimum. 


EXPERIMENTAL 


Preparation of 3-Methylthio-1: 5-diphenylformazan (I; X = MeS).—(a) From sodium 
methyl sulphide and 3-chloro-1 : 5-diphenylformazan. Methanethiol, generated by the action of 
a solution of sodium hydroxide on S-methylisothiourea, was absorbed in ethyl alcohol (50 ml.) 
containing sodium (0-3 g.), and the resulting solution of sodium methyl sulphide was refluxed on 
the water-bath for 20 min. with 3-chloro-1 : 5-diphenylformazan (3-45 g.), then poured into 
chloroform (300 ml.) and water (300 ml.). The chloroform layer was removed and after being 
washed several times with water (25 ml.) was dried (Na,SO,). Removal of the solvent at 20° 
under reduced pressure gave crude S-methyldithizone as a black solid which was taken up in 
the smallest volume of carbon tetrachloride and transferred to a column (3-8 x 35 cm.) of 
alumina (type ‘‘ A,’’ 100—200 mesh). Elution with benzene gave in succession a faint pink, 
a dark brown (which contained most of the desired product), and a small, paler brown band. 
The main product was further purified chromatographically and gave finally 3-methylthio-1 : 5- 
diphenylformazan as a black powder with a bronze reflex, m. p. 119—120° (Found: C, 62-55; 
H, 5:5; N, 20:3; S, 11-7. C,,H,,N,S requires C, 62-2; H, 5-2; N, 20-7; S, 11:9%). 

(b) By the action of methyl sulphate on an alkaline solution of dithizone. <A solution of di- 
thizone (5 g.) in 2N-sodium hydroxide (15 ml.) and water (50 ml.) was vigorously shaken with 
methyl sulphate (2-6 g.); the initial yellow colour rapidly disappeared and a black solid 
separated. Excess of methyl sulphate was destroyed by 2N-sodium hydroxide (15 ml.) at 100° 
during 20 min. After being cooled, crude S-methyldithizone was extracted with successive 
quantities of chloroform. The combined extracts were washed with dilute aqueous sodium 
hydroxide until free from unmethylated dithizone, then with water, and dried (Na,SQ,). 
Removal of the solvent and chromatographic purification of the black residue as previously 
described gave 3-methylthio-1 : 5-diphenylformazan, m. p. 119°, which did not depress the 
m. p. of the previous specimen (Found: N, 20-6%). 

(c) From silver dithizonate and methyl iodide. Silver ‘‘ keto’’ dithizonate was prepared by 
introducing a solution of silver nitrate (1 mol.) in 0-1N-nitric acid into a stirred solution of 
dithizone (1 mol.) in chloroform. The organic layer was evaporated at room temperature and 
the reddish-brown solid residue of silver ‘‘ keto ’’ dithizonate was purified by precipitation from 
dry chloroform with ethanol. It melted over the range 204—208°. A solution of this product 
(3-9 g.) in chloroform (30 ml.) was heated under reflux with a slight excess of methyl iodide for 
1 hr. Chloroform (50 ml.) was added and the mixture extracted repeatedly with aqueous 
sodium thiosulphate to remove silver iodide. Removal of the solvent from the (dried) 
chloroform extract gave a small yield of crude S-methyldithizone which, after chromatography 
as previously described, formed a black powder, m. p. 118—119°, alone or mixed with the 
previous specimens (Found: N, 20-8%). The absorption spectra of the three samples in 
carbon tetrachloride were identical: with Amay 415 (ce = 1:50 x 104), Ayin, 482 (e = 0-42 x 104), 
and Amax. 540 (c = 0-61 x 104). 

3-Ethylthio-1 : 5-diphenylformazan.—A solution of sodium ethyl sulphide, prepared from 
sodium (0-3 g.) and ethanethiol (0-8 g.) in ethyl alcohol (50 ml.), was shaken for 2 hr. with 
3-chloro-1 : 5-diphenylformazan (2-5 g.). The solvent was then removed under reduced 
pressure and the residue taken upin chloroform, and washed with dilute aqueous sodium hydroxide 
and then with water. After being dried, the organic solvent was removed under reduced 
pressure and the viscous black material which remained was purified chromatographically on 
alumina (see above). 3-Ethylthio-1 : 5-diphenylformazan formed a black solid, m. p. 70° 
(Found: N, 19-6. C,,;H,,N,S requires N, 19-7%). 

Addition Compound of S-Methyldithizone and Mercury.—When solutions of S-methyldithizone 
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(1 mol.) in acetone and mercuric acetate (1 mol.) in aqueous alcohol were mixed, red crystals, 
m. p. 144°, separated (Found: C, 43-1; H, 3-6; N, 14-4; Hg, 30-5%). The spectrum of a 
solution of this substance in chloroform (100 mg./l.) rapidly changed to that characteristic of 
S-methyldithizone in this solvent showing a strong maximum at 415 my and a subsidiary peak 
at 540 mu. The measured absorbancy of 0-487 at 415 mu corresponds to a concentration of 
70 mg./l. of pure S-methyldithizone and thence a ligand : metal ratio of 1 : 0-58 in agreement 
with the data for ultimate analysis. 


Grateful acknowledgment is made to the Department of Scientific and Industrial Research 
for a maintenance grant to one of us (C. F. B.) and to Imperial Chemical Industries Limited for 
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Triazoles. Part IV.* Ultra-violet Absorption Spectra of Some 
1: 2: 4-T7'riazoles. 
By M. R. Atkinson, E. A. PARKEs, and J. B. PoLya. 
[Reprint Order No. 5529.] 


1 : 2: 4-Triazole and its alkyl derivatives do not have absorption bands 
above 215 my but acetyl-3 : 5-dimethyl-1 : 2: 4-triazole has a K-band at 
222mu. Substitution in 1 : 2: 4-triazole of phenyl results in increasing batho- 
chromic shifts in the order 4-Ph<1-Ph<3-Ph. The introduction of methyl 
groups into phenyltriazoles causes hypsochromic and hypochromic shifts when 
the substitution is vicinal, and bathochromic and hyperchromic shifts other- 
wise. The same trend of shifts is observed for di- and tri-phenyltriazoles 
except that the effects of isolated phenyl chromophores partially compensate 
for the hypsochromic and hypochromic shifts due to vicinal substitution. The 
similarity of the spectra of 3-hydroxy-1-phenyl-1 : 2: 4-triazole and 2-methyl-3- 
oxo-1-phenyl-1 : 2: 4-triazoline suggests the triazolone structure for the former. 

The Einhorn—Brunner reaction between phenylhydrazine and N-acetyl- 
cinnamamide affords 3-methyl-1-phenyl-5-styryl-1 : 2: 4-triazole, the 
structure of which follows from its degradation to 3-methyl-1-phenyl- 
1: 2: 4-triazole. 


ULTRA-VIOLET absorption spectra have been determined for a number of triazoles which 
have been prepared in earlier work (Parts I, II, and III, J., 1952, 3418; 1954, 141, 3319) 
by new syntheses or by the methods of other authors. The Table lists the triazoles 
examined in the order of their occurrence in the Discussion, together with spectrographic 
data, m. p.s or b. p.s, and references to the preparative methods adopted by us. The 
measurements were carried out in spectrographic ethanol, except for acetyl-3 : 5-dimethyl- 
| : 2:4-triazole (I) which was examined in hexane solution owing to its sensitivity to 
alcoholysis. The spectra of triazoles in aqueous and alcoholic solution are practically 
identical, as illustrated by the case of 3-phenyl-1 : 2 : 4-triazole (II). Acidic triazoles have 


pm -O—CMe 


UN, N N N 
MeC7 ‘CMe <¢—> Mec7 \cMe MeC” ‘CMe <-> MeC” ‘CMe 
| | | i} 


l. i} \| 


Me-CO-N N Me-C=N-——-N N——N v—-—N 


(la) -O (Ib) 


been examined also as anions in the presence of 100—1000 molar excess of alcoholic potassium 
hydroxide. The cations of triazoles (in the presence of a similar molar excess of alcoholic 
hydrogen chloride) and the neutral substances have identical spectra; again the case of 


* Part III, /., 1954, 3319. 
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(II) may serve as an illustration. All the triazoles examined obey Beer’s law in 
concentrations not exceeding 2 x 10-4M. 

1 :2:4-Triazole and its alkyl derivatives like 3 : 5-dimethyl-, 1-ethyl-3 : 5-dimethyl-, 
4-ethyl-3 : 5-dimethyl-, and 1 : 3: 5-trimethyl-1 : 2 : 4-triazoles have no absorption bands 
above 215 my. Attempts to shift possible maxima just below 215 my into the range of 
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* B. p.: (VI) 264°/752, (VILL) 278°/755, (IX) 281—282°/760 mm. f With decomp. 

(H) denotes acidic hydrogen. (I) in hexane, acetyl possibly at R*. (III), neutral in water; p 
239-5 mp, € 14,100; cation Amax. 241-5 mp, € 14,400. Possibly fine structure in spectra of (XII), 
(XIII), and (XIV). 

Preparations : (III), (VIII), (IX), (XVII), (XVIII), (XX), see Part I; (I), (XXVII), (XXVIII), 
see Part II; (II), (X), (XI), (XV), (XVI), (XXIV), (XXVI), (XXXIV), (XXXVI), see Part III; 
(XXX), (XXXII), see p. 4264; (IV), Pellizzari and Massa, Aiti R. Accad. Lincei, 1901, 10, 
[I], 363; (V) Bamberger and Frei, Ber., 1902, 35, 746; (VI), Bamberger and de Gruyter, Ber., 1893, 
26, 2385; Bamberger, Ber., 1911, 44, 3564; (VII), Komzak and Polya, J. Appl. Chem., 1952, 2, 666; 
(XII), Young and Oates, J., 1901, 79, 659; (VI), (XIII), Pellizzari, Gazzetta, 1911, 41, [II], 20; (XIV), 
(XXV), Pellizzari and Alciatore, Atti R. Accad. Lincei, 1901, 10, [I], 444; (XIX), Atkinson and Polya, 
J. Amer. Chem. Soc., 1953, '75, 1471; (XXI), Marckwald and Bott, Ber., 1896, 29, 2914; (XXII), 
(XXIII), Scheuing and Walach, G.P. 541,700; Chem. Abs., 1932, 26, 2469; (XXIII), Heller, Kéhler, 
Gottfried, Arnold, and Herrmann, J. pr. Chem., 1928, 120, 49; (XXIX), Engelhardt, ibid., 1896, 54, 
153; (XXXI), Widmann, Ber., 1893, 26, 2612; (XXXIII), Young, /., 1895, 67, 1063; (XXXV), 


Young and Witham, /., 1900, 77, 224. 
6 Zz 
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the instrument by anion- or cation-formation failed. The K-band of 1- or 4-acetyl-3 : 5- 
dimethyl-1 : 2 : 4-triazole (I) may be due to extended conjugation through the partial ionic 
character of structures such as (Ia or 6). It will be seen below that substituents on N,,) 
have stronger bathochromic effects than those on Ni. This suggests (Ia) as the more 
likely structure, in agreement with other considerations (Part II). 

The intense single bands of the isomeric phenyltriazoles (II, III, and IV) may be regarded 
as K-bands due to the conjugation of benzene and traizole chromophores and compared 
with that of diphenyl (Gillam and Hey, J., 1939, 1170). The higher intensity and max. 
of 3-phenyltriazole (II) is readily explained by its more extended conjugation in the ground 
state, while conjugation of the phenyl and triazolyl moieties in 1-pheny]-] : 2 : 4-triazole 
(III) and 4-phenyl-1 : 2 : 4-triazole (IV) is possible in the ionic forms only. The difference 
between the spectra of (III) and (IV) could be derived from the theory of linear and cross 
conjugation which has been used in the discussion of some related problems in the tetrazole 
series (Elpern and Nachod, J. Amer. Chem. Soc., 1950, 72, 3379). More appropriate might 
be the empirical comparison of (III) and (IV) with phenylhydrazine and aniline respectively, 


N. 
PhC7 
(II) 
NH HN N 


Cross Linear 


/CH=N 
+/ 


- Ner I=N 
(IIT) Linear (IV) Cross 


the high-intensity bands of which are in the same relation (Grammaticakis, Bull. Soc. chim., 
1951, 18, 965). 

The substitution of 1-phenyl-1 : 2: 4-triazole by alkyl groups results in small batho- 
chromic-hyperchromic or hypsochromic-hypochromic shifts, as shown by 3- (V) and 5- 
methyl-l-phenyl-1 : 2 : 4-triazole (VI) (Fig. 1). The practically identical spectra of 3 : 5- 
dimethyl- (VII), 3-ethyl-5-methyl- (VIII), and 5-ethyl-3-methyl-l-phenyl-1 : 2 : 4-triazole 
(IX) show that the effects of ethyl and methyl groups are practically the same, and on com- 
parison with those of (IIT) that the hypsochromic-hypochromic effects due to 5-substitution 
outweigh the bathochromic-hyperchromic effects due to 3-substitution. The same effects 
are noted when the spectra of (II), 1-methyl-3-phenyl- (X), 1-methyl-5-phenyl- (XI), and 
4-methyl-3-phenyl-1 : 2 : 4-triazole (XII) are compared. In the last case vicinal substitu- 
tion results in the complete deconjugation of the phenyl and the triazolyl chromophore on 
the evidence of a single blurred band, the location, intensity, and possible fine structure of 
which permit its identification as a B-band. In a similar way total deconjugation is 
observed in derivatives of (IV) such as 3-methyl-4-phenyl- (XIII) (Fig. 2) and 3: 5- 
dimethyl-4-phenyl-1 : 2 : 4-triazole (XIV). 

Similar deconjugating (uncoupling) effects by vicinal substituents have been observed 
by other authors, notably for substituted benzotriazoles (Krollpfeiffer, Pétz, and Rosen- 
berg, Ber., 1938, 71, 596; Ramart-Lucas, Hoch, and Grumez, Bull. Soc. chim., 1949, 
16, 447) and methylphenyl-1 : 2 : 3-triazoles (Ramart-Lucas et al., loc. cit.). In the former 
case the effect of vicinal substitution is restricted to a slight hypochromic effect but in the 
latter there are also significant hypsochromic effects. In comparison with (II), 1: 5- 
dimethyl-3-phenyl-1 : 2 : 4-triazole (XV) shows a slight bathochromic-hyperchromic effect 
and 1 : 3-dimethyl-5-phenyl-1 : 2 : 4-triazole (XVI) a slight hypsochromic and considerable 
hypochromic effect. This suggests that the effect of two vicinal methyl groups is less than 
that of vicinal methyl and phenyl groups, although another interpretation might be that 
the deformation due to the steric interference of two vicinal methyl groups has less effect 
on the coupling of phenyl and triazolyl chromophores than the deflection of the phenyl 
group by a vicinal methyl group. However, it is tempting to consider the first explanation 
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in the light of the discussion of cases where steric interference leads to a reduction of the 
extinction coefficient without a significant shift of the band maximum to shorter wave- 
length, which have been interpreted as “ restriction of the transition to vibrational states 
allowing of a high degree of uniplanarity in the excited state ’’ (Braude, Sondheimer, and 
Forbes, Nature, 1954, 173,117). In order to test this theory the dipole moments of triazoles 
will have to be determined. Possibly the best pair of substances in the present series from 
this point of view would be 3-methyl-1 : 5-diphenyl- (XVII) and 5-methyl-1 : 3-diphenyl- 
1:2:4+triazole (XVIII) which absorb at almost the same wave-length though the 
extinction coefficient of the former (10,500) is much lower than that of the latter (22,100). 

The absorption spectra of diphenyl- and triphenyl-triazoles are in agreement with the 


Fic. 1. Light absorption of 1-phenyl- Fic. 2. Light absorption of 4-phenyl- 
1:2: 4-triazole and derivatives. 1: 2: 4-triazole and derivatives. 


32 ‘ 24 


— S 


0 oe 1 Pisses: Sy 
210 230 250 210 9 OD 230 250 270 290 310 
Wave -/ength (mu) Wave-length (mu) 


1, 5-Methyl-l-phenyl-. 2, 1-Phenyl-. 3, 3-Methyl-l-phenyl-. 4, 1: 3-Diphenyl-. 
Diphenyl-. 6, 1: 3: 5-Triphenyl-. 
1, 3-Methyl-4-phenyl-1 : 2 : 4-triazole, location of shallow bands indicated by transverse line. 
, 3:4:5-Triphenyl-. 3, 4-Phenyl-. 4, 4-Methyl-3:5-diphenyl-. 5, 3-Methyl-4 : 5-diphenyl-. 
, 1-Methyl-3 : 5-diphenyl-. 7, 3:4-Diphenyl-. 8, 3: 5-Diphenyl-. 


observations on those of methylphenyl- and dimethylphenyl-triazoles but present some 
additional features. Thus phenyl groups that are uncoupled from the triazolyl group act 
as isolated chromophores and contribute to the intensity of the bands. Thus hypochromic 
effects are partially masked, and small bathochromic effects may be observed in com- 
parison with the parent monophenyltriazoles. These overlapping effects are illustrated by 
1 : 3- (XIX) and 1 : 5-diphenyl-1 : 2 : 4-triazole (XX) (Fig. 1). The vicinal deconjugating 
effect is not observed with 3 : 4-diphenyl-1 : 2 : 4-triazole (X XI) to the expected extent 
(Fig. 2). The same applies to 3 : 4-dimethyl-5-phenyl- (X XII) and 3-methyl-4 : 5-diphenyl- 
1:2:4-triazole (XXIII). No explanation can be given at present but it appears that vicinal 
substitution has less effect on C-phenyl than on N-phenyl. 3: 5-Diphenyl- (XXIV) and 
3:4: 5-triphenyl-] : 2: 4-triazole (XXV) (Fig. 2) absorb at the same wave-length but the 
extinction coefficient of the latter is very low; this may be another example of the effect 
discussed by Braude, Sondheimer, and Forbes. 

The spectra of 3-phenyl- (II) and 3-methyl-5-phenyl-1 : 2 : 4-triazole (X XVI) are similar 
apart from the slight bathochromic-hyperchromic effect of the non-vicinal methyl group in 
the latter compound. The spectra of each of these triazoles closely resemble only one of 
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their respective N-methyl derivatives: the spectra of (II) and 1-methyl-3-phenyl-1 : 2 : 4- 
triazole (X), and those of (XXVI) and 1: 5-dimethyl-3-phenyl-1 : 2: 4-triazole (XV), 
respectively, are practically identical (Fig. 3). As the steric and electronic effects of N- 
methyl groups cannot be assessed accurately, these data do not permit a definite assignment 
of the mobile hydrogen in the acidic triazoles (II) and (X XVI), although assignment to the 
hydrazinic nitrogen distant from the phenyl group appears more probable than the two other 
possibilities, at least in the case of (II). This would favour the cross-conjugated structure 
rather than the linear conjugated forms. 

The spectrum of 3: 5-diphenyl-1 : 2 : 4-triazole (XXIV) (Fig. 2) has two maxima of 
approximately equal intensity, which suggests the presence of the tautomeric 1H-1 : 2 : 4- 
and 4H-1 : 2: 4-triazole structures in equilibrium. The N-methyl derivative correspond- 
ing to the former, 1-methyl-3 : 5-diphenyl-1 : 2 : 4-triazole (X XVII), has a single maximum, 


Fic. 3. Light absorption of 3-phenyl- Fic. 4. Light absorption of 3-hydroxy-1- 
1: 2: 4-triazole and derivatives. phenyl-1 : 2 : 4-triazole and derivatives. 
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Fic. 3. 1, 4-Methyl-3-phenyl-. 2, Anion of 3-phenyl-. 3, 1-Methyl-3-phenyl-. 4, 3-Phenyl-. 

5, 1-Methyl-5-phenyl-. 


Fic. 4. 1, 3-Hydroxy-l-phenyl-1: 2: 4-triazole. 2, Anion of 3-hydroxy-1-phenyl-1 : 2: 4-triazole. 
3, 2-Methyl-3-oxo-l-phenyl-1 : 2 : 4-triazoline. 


which might be considered to have arisen by a hypsochromic shift of the band of (XXIV) 
at the longer wave-length since in this case the two phenyl groups cannot conjugate 
through the triazole ring. On the other hand, the single band of 4-methyl-3 : 5-diphenyl- 
1 : 2: 4-triazole (XXVIII) might be thought to have undergone a bathochromic shift from 
the band of (XXIV) at the shorter wave-length, as in this case the structure which permits 
the conjugation of the two phenyl groups through the triazole ring is stabilised. For the 
reason stated before, this does not prove, but makes probable, that the 234-my band of 
(XXIV) corresponds to the 4H-1 : 2: 4-, and the 255 my band to the 1H-1 : 2 : 4-structure. 
The spectrum of 1 : 3 : 5-triphenyl-1 : 2 : 4-triazole (X XIX) is determined by the following 
effects: lack of conjugation through the ring between 3- and 5-phenyl groups; decon- 
jugation through the steric interaction of 1- and 3-phenyl groups; summation of the 
intensities due to isolated phenyl groups. The overall effect is a hypsochromic-hyper- 
chromic shift in comparison with the 1-substituted diphenyltriazoles (Fig. 1). A similar 
effect is observed on comparing the spectra of m- and -terphenyl (Gillam and Hey, Joc. 
cit.). 
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Some caution is necessary in predicting deconjugating effects from vicinal substitution 
alone. Thus 3-methyl-l-phenyl-5-styryl-1 : 2 : 4-triazole (XXX) absorbs at a considerably 
longer wave-length than any of the methyldiphenyltriazoles and has the characteristic 
high intensity of absorption displayed by many styryl compounds. The steric decon- 
jugating effect is lessened by the distance of the bulky pheny] ring from the triazole nucleus 
and the effect of an increased order of conjugation predominates. 


N NMe N 
PhoY \CPh Pho’ CPh HCY ‘co 
I 1 
MeN N N——N PhN———NMe 
(XXVII) (XXVIII) (XXXII) 


The interpretation of the spectra of hydroxytriazoles is complicated by the possibility 
of tautomerism with triazolones. 3-Hydroxy-1l-phenyl-l : 2: 4-triazole (XXXI) is con- 
verted by methyl sulphate into a methy! derivative which contains no methoxyl group and 
must be formulated as 2-methyl-3-oxo-1l-phenyl-1 : 2 : 4-triazoline (XXXII). The maxima 
of the bands of (XXXII) and (XXXI) and the anion of the latter occur at practically the 
same wave-length (Fig. 4); this suggests a triazolone structure for (XXX). The introduc- 
tion of phenyl into (XX XI) would be expected to lead to steric deconjugation but the 
spectrum of 3-hydroxy-1 : 5-diphenyl-1 : 2 : 4-triazole (XX XIII) undergoes a bathochromic- 
hypochromic shift in comparison with (XX XI). This might be explained by assuming a 
triazolone structure for (XX XIII) in which the 5-phenyl group may conjugate with the 
carbonyl-oxygen atom. The appearance of a second, high-intensity band at 226 mu 
may account for the effect of the isolated l-phenyl group. The spectrum of 5-hydroxy-3- 
methyl-1-phenyl-1 : 2: 4-triazole (XXXIV) in comparison with that of 3-methyl-l- 
phenyl-1 : 2 : 4-triazole (V) displays a small bathochromic-hyperchromic shift, which cannot 
be explained on the principles applicable to the other triazoles in the present series. 

On comparison of the spectra of 3-hydroxy-5-phenyl-l : 2 : 4-triazole (X XV) with those 
of the related 3: 5-substituted methylphenyl- and diphenyl-triazoles (XXV, XXIV) 
bathochromic-hypochromic shifts are observed. These, in conjunction with the case of 
(XXXIV), may be regarded as evidence for the auxochromic effect of oxygen in hydroxy- 
triazoles or triazolones. 5-Hydroxy-l-methyl-3-phenyl-l :2:4-triazole (XXXVI) in 
comparison with (XX XV) displays a bathochromic-hyperchromic shift. In this case the 
absence of the steric deconjugating effect might be explained by considering that methyl- 
ation stabilizes the structure (XX XVIa) which affords the best conjugated structure. 
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The anions of the acidic triazoles absorb at longer wave-lengths than the neutral sub- 
stances except in the case of (XXXVI), the anion (XX XVI6) of which would accommodate 
the negative charge on the oxygen rather than on the less electronegative nitrogen and thus 
lead to a less effectively conjugated form. 

3-Methyl-1-phenyl-5-styryl-1 : 2 : 4-triazole (XXX) has been prepared by an Einhorn— 
Brunner reaction between N-acetylcinnamamide (Rodionov and Kiseleva, J. Gen. Chem., 
U.S.S.R., 1948, 18, 1912; Thompson, /. Amer. Chem. Soc., 1951, 73, 5841) and pheny]l- 
hydrazine hydrochloride. The first of these reactants has been obtained by the direct 
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acylation of cinnamamide with acetic anhydride in the presence of a catalytic amount of 
acetyl chloride. Oxidation and subsequent decarboxylation to 3-methyl-l-phenyl-1 : 2 : 4- 
triazole (V) (Andreocci, Atti R. Accad. Lincet, 1890, 4, [II], 212) proves the structure of 
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(XXX) and provides another example in support of the rule previously suggested for the 
orientation of substituents in products of unsymmetrical Einhorn—Brunner reactions. 

Triazoles are often contaminated by varying amounts of anilides which are difficult to 
remove by crystallization or sublimation In such cases the product is refluxed with dilute 
mineral acid for 4—12 hours. After filtering and cooling, diazotization followed by boiling 
and addition of alkali permits the extraction of pure triazoles with organic solvents. 


EXPERIMENTAL 

M. p.s are corrected. 

Ultra-violet absorption spectra were measured between 210 and 350 my with a Unicam 
spectrophotometer; 10-mm. quartz cells were used. The concentrations ranged from 5 x 10% 
to 5 x 10m in most cases, and 10-3 to 2 x 107m in the case of alkyltriazoles. 

For the characteristics and preparation of the known compounds see the Table. 

N-Acetylcinnamamide.—Cinnamamide (2-6 g.), acetic anhydride (2-0 g.), and acetyl chloride 
(0-1 c.c.) were boiled under reflux for 0-5 hr. Volatile materials were removed by distillation 
up to 60°/25 mm. Recrystallization of the residual oil from chloroform gave N-acetyl- 
cinnamamide (1-4 g., 44%), colourless rhombic plates, m. p. 127° (Rodionov and Kiseleva give 
122—124°, Thompson 131—132°) (Found: C, 69-9; H, 5-8; N, 7:6. Calc. for C,,H,,0O,N: 
C, 69-8; H, 5-9; N, 7:4%). 

3-Methyl-1-phenyl-5-styryl-1 : 2 : 4-triazole—N-Acetylcinnamamide (13-9 g.) and phenyl- 
hydrazine hydrochloride (10-6 g.) were heated at 140—150° for 4 hr. The product was neutralized 
with aqueous sodium carbonate (10%) and extracted with chloroform (3 x 150 c.c.). The 
extract was dried (Na,SO,) and evaporated. The residue was boiled with potassium hydroxide 
(15 g.) in 90% ethanol (100c.c.) for 12 hr. The solution was evaporated to 150 c.c. after addition 
of water (150 c.c.). The resultant aqueous solution was extracted with ether, and the ether 
extract washed with aqueous sodium carbonate, dried, and evaporated. The residue was 
treated with Fehling’s solution (100c.c.) at 100°. Further ether-extraction (200 c.c.) and evapor- 
ation of the ether left a crude material (9-8 g.), m. p. 68—-72°._ Attempted distillation at 2 mm. 
caused partial decomposition. The remainder of the material was treated with picric acid in 
ethanol. On recrystallization of the precipitate from 80% ethanol 3-methyl-1-phenyl-5-styryl- 
1:2: 4-triazole picrate was obtained as monoclinic crystals, m. p. 172° (Found: C, 56-9; H, 
3:8. C,,H,,0,N, requires C, 56:3; H, 3:7%). The picrate was decomposed by filtration of its 
chloroform solution through a column of alumina. Evaporation of the eluate left 3-methyl-1- 
phenyl-5-styryl-1 : 2: 4-triazole, m. p. 72—74°, which sublimed at 145°/0-1 mm. as colourless 
prisms, m. p. 74° (Found: C, 78-5; H, 5:7; N, 16-4. C,,H,,;N, requires C, 78-1; H, 5-8; N, 
16-1%). The picrate has an unstable lower-melting form of m. p. 154°. 

Other Triazoles.—The above picrate (1 g.) was crushed with 4n-sulphuric acid (10 c.c.), and 
the whole was filtered and extracted with ether (50 c.c.). The acid solution was treated with 
water (50 c.c.) and potassium permanganate (5 g.). After 10 minutes’ stirring at room temper- 
ature the mixture was treated with ethanol (50 c.c.), and the residue removed by filtration and 
washed with ethanol (10 c.c.). The combined washings and filtrate were concentrated to 30 c.c. 
and again filtered. The acid solution was neutralized with aqueous sodium hydroxide and 
evaporated to dryness. The residue was heated 200° for 0-5 hr. cooled, and extracted with 
ether (50 c.c.). Evaporation of the ether left a colourless oil (20 mg.) which partially crystallized. 
With methanolic picric acid a precipitate of fine yellow needles was obtained. Recrystallized 
from methanol these had m. p. 169—170° and mixed m. p. with picrate of 3-methyl-1-pheny]l- 
1: 2: 4-triazole 169-5° (lit., m. p. 171°). 

3-Hydroxy-1-phenyl-1 : 2 : 4-triazole (10 g.) and sodium hydroxide (2-5 g.) were dissolved in 
the minimum amount of water and shaken with methyl sulphate (5-9 c.c.) for 0-5 hr. The 
product gradually crystallized; it was collected, washed with water, and dried, giving material 
(5-8 g.) of m. p. 286—290°. Recrystallization from pentanol gave 2-methyl-3-ox0-1-phenyl-1 : 2: 4- 
triazoline, m. p. 296—297° (decomp.) (Found: C, 61-7; H, 5:3; N, 24-0; MeO, nil. C,H,ON, 
requires C, 61:7; H, 5:2; N, 24-0%). 
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K. W. Zimmermann. 
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Internuclear Cyclisation. Part XI.* The Synthesis of 
ind-N -Methyl-«-carbolines. 
By R. A. ABRAmovitcH, D. H. Hey, and R. D. MULLEY. 
[Reprint Order No. 5538.] 

The formation of polycyclic systems containing a five-membered ring by 
means of the Pschorr reaction has been extended to include ind-N-methyl- 
a-carbolines. Whereas N-(3-amino-2-pyridyl)-N-methylanilines give good 
yields of «-carbolines, with 2-amino-N-methyl-N-2’-pyridylaniline the main 
product is a pyrido[1 : 2-a]benziminazolium salt. 


In Part V (J., 1952, 2276) the Pschorr phenanthrene synthetic method and its various 
modifications were applied to the synthesis of compounds of type (I), where X was CH,, CO, 
or NMe, and R was H or NOg, in which the new internuclear bond resulted in the formation 
of a five-membered ring. It is known that the pyridine ring is highly resistant to attack by 
electrophilic reagents but is attacked more readily by free radicals: Hey and Osbond 
(Part I, J., 1949, 3164) were able to effect ring-closure on to a pyridine ring in the prepar- 
ation of 7 : 8-dihydro-5 : 6-benzoquinoline from 2-(2-o-aminophenylethyl)pyridine. It was 
therefore of interest to attempt the conversion of 2-amino-N-methyl-N-2’-pyridylaniline 
(II) into ind-N-methyl-«-carboline (IV; R =H). The synthesis of the latter type of 
compound is also of interest because, whereas the chemistry of the B-carbolines has been 
extensively investigated mainly on account of their relation to the harmine and other groups 
of alkaloids, comparatively little work has been carried out with the «-isomers. Lawson, 
Perkin, and Robinson (J., 1924, 626) prepared «-carboline itself by an extension of the 
Graebe-Ullmann carbazole synthesis from the triazole prepared from 2-amino-N-2’- 
pyridylaniline. Freak and Robinson (J., 1938, 2013) later showed that methylation of 
«-carboline with methyl sulphate took place at the pyridine-nitrogen atom and that on 


treatment of the resulting methosulphate with alkali the 3-methylso-«-carboline resulted. 
On the other hand Eiter (Monatsh., 1948, 79, 17) showed that methylation of the sodium 
salt of «-carboline with methyl iodide resulted in the formation of the ind-N-methyl 
derivative. Smith and Boyer (J. Amer. Chem. Soc., 1951, 73, 2626) obtained a mixture of 
a- and y-carboline by the thermal decomposition of 0-3-pyridylphenyl azide. 

2-Amino-N-methyl-N-2’-pyridylaniline (II) was prepared by condensation of 2- 
bromopyridine with N-methyl-o-nitroaniline, followed by reduction of the product with 
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stannous chloride. The aqueous diazonium sulphate of the amine was decomposed by the 
action of heat to give the required ind-N-methyl-a-carboline (IV; R = H) in 7% yield. 
A crude water-soluble product was also obtained in 84% yield. On the basis of the analysis 
of the derived picrate, this is considered to be 5-methylpyrido[1 : 2-a]benziminazolirm 
chloride (III; Y = Cl), which can arise from the co-ordination of the diazonium cation with 
the pyridine-nitrogen atom followed by loss of a molecule of nitrogen. The chloride anion 
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arises from the use of hydrochloric acid during the process of isolation. In support of the 
formulation of this compound as (III) are: (a) its high solubility in water, (0) its high 
melting point, and (c) the sharp melting point (without decomposition) of the picrate 
which thus behaves as a salt as distinct from most picrates which are addition complexes 
(cf. evidence for ionic structure of dehydroquinolizinium iodide; Boekelheide and Gall, 
J. Amer. Chem. Soc., 1954, 76, 1833). 

The low yield of the «-carboline obtained in this reaction makes it unsuitable as a 
general method of synthesis. The method was therefore modified to avoid the formation 
of (II) by taking advantage of the fact that a 3-amino-group in pyridine is aromatic and 
therefore undergoes diazotisation normally. Thus, the decomposition of the aqueous 
diazonium sulphate of N-(3-amino-2-pyridyl)-N-methylaniline (V; R =H) with copper 
powder at room temperature gave N-methyl-«-carboline (IV; R = H) in 78% yield. The 
amine (V; R = H) was readily obtained by the condensation of 2-chloro-3-nitropyridine 
with N-methylaniline, followed by reduction of the N-methyl-N-(3-nitro-2-pyridyl)aniline 
with hydrogen and Raney nickel. This method allows a variety of «-carbolines to be 
prepared by the introduction of substituents in either the benzene or the pyridine ring. 
Thus, condensation of 6-chloro-5-nitro-2-picoline (Baumgarten and Su, J. Amer. Chem. 
Soc., 1952, 74, 3828) with N-methylaniline followed by reduction gave (V; R = Me), 
which on cyclisation gave ind-N : 2-dimethyl-a-carboline (IV; R = Me) in good yield. 

The yields obtained in these cyclisations confirm the suggestion put forward by Hey 
and Mulley (Part V, doc. cit.) that the ease of formation of the five-membered ring is related 
to the distance in the unstrained molecule between which the new internuclear bond is to 
be formed. Thus, «-carboline and carbazole formation are somewhat easier than fluorenone 
formation, which in turn is easier than fluorene formation. With regard to the mechanism 
of the reactions which give rise to the simultaneous formation of the «-carboline and the 
pyridobenziminazolium cation, it is obvious that the latter must arise of necessity as a 
result of a heterolytic process. This is in agreement with the views put forward by DeTar 
and Relyea (J. Amer. Chem. Soc., 1954, 76, 1680) on the formation of fluorenones in the 
thermal decomposition of diazotised 2-aminobenzophenones. It is not possible to state 
whether the substituting agent is the substituted phenyl cation or the diazonium cation, 
but the latter appears the more probable. With regard to the formation of the «-carboline 
no positive evidence on mechanism is yet available. 

It is of interest that whereas N-methyl-2-nitro-N-2’-pyridylaniline forms a picrate, yet 
when the nitro-group is in the pyridine ring, ?.e., in the ring probably involved in picrate 
formation as in N-methyl-N-(3-nitro-2-pyridyl)aniline, no picrate is formed. 


EXPERIMENTAL 


N-Methyl-2-nitvo-N-2’-pyridylaniline (cf. Ullmann, Annalen, 1907, 355, 327).—2-Bromo- 
pyridine (15 g.), N-methyl-o-nitroaniline (22 g.), dry potassium carbonate (11 g.), and a trace of 
cuprous chloride were heated at 190—200° for 6 hr. There was initially a fairly rapid evolution 
of carbon dioxide. The mixture was distilled with steam to remove unchanged starting material, 
and the residue was extracted with chloroform. The product obtained on evaporation of 
the dried chloroform extract was distilled, N-methyl-2-nitro-N-2’-pyridylaniline being obtained 
as a dark red oil (9-05 g., 42%), b. p. 126—130°/0-1 mm. (Found: C, 62-7; H, 4:4; N, 18-3. 
C,,.H,,0,N,; requires C, 62:9; H, 4:8; N, 18:3%). The picrate crystallised from benzene in 
yellow needles, m. p. 177—179° (decomp.). 

2-Amino-N-methyl-N-2’-pyridylaniline.—Stannous chloride (40 g.) was added to a solution 
of N-methyl-2-nitro-N-2’-pyridylaniline (11-04 g.) in concentrated hydrochloric acid (100 c.c.). 
The mixture was boiled under reflux for 45 min., the colour changing from deep red to light 
yellow after a few minutes. Whilst still hot the solution was poured into an excess of hot 
concentrated aqueous potassium hydroxide. The green oil which separated was extracted 
with ether, and the residue after evaporation of the solvent distilled at 104—108°/0-02 mm. 
to give 2-amino-N-methyl-N-2’-pyridylaniline (8-8 g., 92%) as a viscous, slightly yellow oil 
which very slowly solidified and crystallised from light petroleum (b. p. 40—60°) in white 
prisms, m. p. 66—67° (Found: C, 72-2; H, 6-5; N, 21-7. C,,H,,N, requires C, 72-3; H, 6-6; 
N, 21:1%). The acetyl derivative was prepared by refluxing the amine with acetic anhydride 
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for 45 min. It crystallised from benzene—light petroleum (b. p. 60—80°) in prisms, m. p. 
110—111° (Found: C, 70-1; H, 6-4. C,,H,,ON, requires C, 69-7; H, 6-3%). 

Action of Heat on the Aqueous Diazonium Sulphate prepared from 2-Amino-N-methyl-N-2’- 
pyridylaniline.—A solution of the amine (4 g.) in concentrated sulphuric acid (6 c.c.) and water 
(100 c.c.) was diazotised at 5° with sodium nitrite (1-8 g.) in water (20c.c.). After being stirred 
overnight at room temperature, the light red diazonium solution was boiled under reflux for 
45 min. to complete the decomposition. The clear solution was made just alkaline with aqueous 
sodium hydroxide and extracted with chloroform. The neutral product, a dark brown oil (0-62 g.), 
in benzene was chromatographed on a column (30 x 2.cm.) of activated alumina. Elution with 
benzene gave a white solid which on crystallisation from light petroleum (b. p. 30—40°) deposited 
ind-N-methyl-a-carboline (0-25 g., 7%) in white plates, m.p. 51—53° (Found: C, 79-0; 
H, 5-5; N, 15-2. Calc. for C,;,H,)N,: C, 79:1; H, 5-5; N, 15-4%). The picrate (from alcohol) 
had m. p. 225° (decomp.). Eiter (Monatsh., 1948, 79, 18) gives m. p. 53° for the base and m. p. 
225° (decomp.) for its picrate. Elution with ether—ethyl alcohol (9: 1) gave a brown oil, which 
was distilled at 170°/25 mm. to give a pale mobile oil (0-2 g.). The aqueous solution from the 
chloroform extract was acidified with hydrochloric acid, and an excess of calcium carbonate 
was added to make the solution neutral. Chloroform extraction yielded no product, so the 
aqueous solution was evaporated to dryness and the residue extracted with ethyl alcohol. 
A light brown solid (3-6 g.) was obtained which, on crystallisation from dry ethyl alcohol, gave 
long white plates of crude 5-methylpyrido[1 : 2-a]benziminazolium chloride having no m. p. 
(Found : C, 59-2; H, 5-8; N, 10-6; Cl, 12-6. Calc. forC,,H,,N,,Cl: C, 65-9; H, 5-1; N, 12-8; 
Cl, 16-2%). A portion of this solid (0-25 g.) in ethyl alcohol was mixed with alcoholic picric 
acid (0-25 g.) to give 5-methylpyrido[1 : 2-a]benziminazolium picrate (0-47 g.), m. p. 196—198° 
(without decomp.) (Found: C, 52-7; H, 3-6; N, 17-1. C,,H,,N,,C,H,O,N, requires C, 52-6; 
H, 3-2; N, 170%). The yield, calculated on the basis of picrate obtained, was 82%. 

N-Methyl-N-(3-nitro-2-pyridyl)aniline.—2-Chloro-3-nitropyridine (5 g.) and N-methylaniline 
(10 c.c.) were heated together at 160—170° for 6 hr. The cooled mixture was then treated with 
dilute alkali and extracted repeatedly with carbon tetrachloride. The extract was passed 
through alumina (6” x 1”), and the red eluate evaporated on the water-bath. The residue 
was fractionally distilled under a vacuum. The first fraction (up to 100°/0-4 mm.) consisted of 
unchanged N-methylaniline. N-Methyl-N-(3-nitro-2-pyridyl)aniline (5-6 g.) distilled at 108° /0-07 
mm. as an orange-red oil, which solidified to orange-red needles, m. p. 73—74° (Found : C, 63-0; 
H, 4:8. C,,H,,0,N; requires C, 62-9; H, 48%). This compound did not yield a picrate. 

N-(3-A mino-2-pyridyl)-N-methylaniline.—N-Methyl-N-(3-nitro-2-pyridyljaniline (0-5 g.) in 
methanol (25 c.c.) was shaken with hydrogen at room temperature and pressure in the presence 
of Raney nickel (0-5 g.). Reduction was complete in <Il hr. The catalyst was filtered off and 
the solvent evaporated. The residue was distilled in a vacuum, giving colourless N-(3-amino-2- 
pyridyl)-N-methylaniline (0-43 g.), b. p. 128°/0-4 mm., m. p. 80—81° (Found: C, 72-9; H, 6-6. 
C,,H,,N, requires C, 72-3; H, 66%). The picrate, which separated from benzene, crystal- 
lised from ethanol in yellow rosettes of needles, m. p. 170° (Found: C, 50-2; H, 3-7. 
C4.H,,N3,C,H,O,N, requires C, 50-5; H, 3-8%). 

ind-N-Methyl-a-carboline.—N-(3-Amino-2-pyridyl)-N-methylaniline (2 g.) in concentrated 
sulphuric acid (4 c.c.) and water (50 c.c.) was diazotised at 0—5° with sodium nitrite (2 g.) in 
water (20 c.c.), stirring at 0—5° being continued for 0-5 hr. Urea (1-5 g.) was added to the clear 
solution, and then copper powder (2 g.), and stirring was continued overnight. The suspension 
was then boiled for 1 min., cooled, filtered, and made alkaline with an excess of concentrated 
aqueous ammonia. The oil which separated was extracted with chloroform (2 x 200 c.c.) and 
dried (Na,SO,) and the solvent evaporated. Vacuum-distillation of the residue gave N-methyl- 
a-carboline (1:42 g., 78%), b. p. 1389—144°/1-7 mm., which solidified. Recrystallisation from 
light petroleum (b. p. 40—60°) gave colourless plates, m. p. 53° (Found: C, 79-1; H, 5-6. 
Calc. for Cy,H, N,, C, 79:1; H, 5-5%). The m. p. was not depressed on admixture with the 
product obtained as above from 2-amino-N-methyl-N-2’-pyridylaniline. The picrate separated 
from alcohol in yellow needles, m. p. 225—226°. 

N-Methyl-N-(6-methyl-3-nitro-2-pyridyl) aniline.—6-Chloro-5-nitro-2-picoline (5 g.; Baum- 
garten and Su, J. Amer. Chem. Soc., 1952, 74, 3828) and N-methylaniline (5-0 g., excess) were 
heated with potassium carbonate (1 g., anhyd.) and a trace of copper power for 6-5 hr. at 160— 
170° under an air-condenser. The cooled mixture was extracted repeatedly with boiling carbon 
tetrachloride, and the cold, black extract was passed through alumina (6” x 1”). An orange 
product was eluted with the same solvent. Vacuum-distillation of the residue after removal 
of the solvent gave first a small amount of unchanged N-methylaniline (up to 80°/0-1 mm.) 
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and then N-methyl-N-(6-methyl-3-nitro-2-pyridyl)aniline (4-4 g.), b. p. 140—142°/0-4 mm., as a 
red oil which did not solidify (Found : C, 64:0; H, 5-4. C,;H,,;0,N, requires C, 64-2; H, 54%). 
This nitro-compound also did not give a picrate. 

N-(3-A mino-6-methyl-2-pyridyl)-N-methyianiline—The nitro-compound (1-3 g.) in methanol 
was hydrogenated as above with Raney nickel (1-5 g.)._ The residue left on evaporation crystal- 
lised. It was distilled, giving the colourless 3-aminopyridyl compound (1:2 g.), b. p. 130°/0-4 
mm., m. p. 100° (Found: C, 73-0; H, 7-0. C,,;H,;N; requires C, 73-2; H, 7:1%). The picrate 
separated from benzene and crystallised from ethanol in yellow globules, m. p. 186° (decomp.) 
(Found: C, 51:1; H, 4:2. C,,H,,;N;,C,H,O,N, requires C, 51-6; H, 41%). 

ind-N : 2-Dimethyl-a-carboline—The above amine (3-1 g.) in concentrated sulphuric acid 
(8 c.c.) and water (50 c.c.) was diazotised at 0—5° with sodium nitrite (2-5 g.) in water (10 c.c.). 
After 4 hour’s stirring at 0° the red solution was filtered from a small amount of insoluble 
yellow material, the residue being washed repeatedly with water, and the combined filtrates 
were treated with urea (2 g.). Copper powder (3 g.) was then added and the mixture was stirred 
at room temperature for 2 hr. It was then brought to the boil, cooled, filtered from copper, 
and made alkaline with an excess of aqueous ammonia. The oil which separated was extracted 
with chloroform (2 x 150c.c.), dried (Na,SO,), and recovered. Distillation gave ind-N : 2- 
dimethyl-a-carboline (2-03 g.), b. p. 142—150°/1-5 mm., which solidified. It crystallised from 
light petroleum (b. p. 40-—60°) in fine colourless needles, m. p. 71-5—72° (Found: C, 79-6; 
H, 6:2. C,,;H,.N, requires C, 79-6; H, 62%). The picrate separated from alcohol and crystal- 
lised from dioxan in yellow prisms, m. p. 206—207° (decomp.) (Found: C, 53-8; H, 4-2. 
C13H 12N2,C,H,0,N;, requires C, 53-65; H, 3-55%). 
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Organosilicon Compounds. Part X.* The Reaction between 
Organosilylmethyl Chlorides and Iodide Ion. 


By C. Easorn and J. C. JEFFREY. 
[Reprint Order No. 5631.] 


The reaction between iodide ion and trimethylsilylmethyl chloride and 
related chlorides in acetone has been studied kinetically. The chlorides are 
more reactive under these conditions than ethyl and higher-alkyl chlorides, 
and possible reasons for this are discussed. 


TRIMETHYLSILYLMETHYL CHLORIDE, Me,Si‘CH,Cl, has been examined by Whitmore and 
Sommer (J. Amer. Chem. Soc., 1946, 68, 481), who showed that, while it is much more 
reactive than the analogous mneopentyl chloride towards nucleophilic reagents, it is less 
reactive than m-hexyl chloride towards sodium ethoxide in ethanol and somewhat less 
reactive towards other basic reagents. The same authors showed that interaction of 
trimethylsilylmethyl chloride and iodide ion in acetone gave trimethylsilylmethyl iodide, 
and we now report a kinetic study of this reaction and of the similar reaetions involving 
(aryldimethylsilyl)methyl chlorides. So that the rates of reaction may be related to those 
of alkyl chlorides we have examined also n-butyl chloride, with respect to which the 
reactivities of other alkyl chlorides are known (Conant and Hussey, ibid., 1925, 47, 476). 
The following data refer to the interaction of RCH,Cl compounds with iodide ion 
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(initially ca. 0-018M) in acetone at 49-7°; the values of ky, the second-order rate constant, 
are probably accurate to within -{|-2°%, as based on estimated titration errors and 


reproducibility : 
R Pr SiMe 


ky, hr. mole? 1. 0-127 


SiPhMe, SiMe,°C,H,y:Me-p SiMe,°C,HyOMe-p SiMe,°C,H,Cl-p 
2: 8 
E, kcal. 23:4 20: 


3 
00 1-13 0-88 0-87 2-58 
7 19-5 20-6 21-5 20-9 


(The Arrhenius activation energies, E, were deduced from measurements at only two 
temperatures, and may be considerably in error, but it may safely be concluded that the 
lower reactivity of the 2-butyl chloride is due to the higher activation energy involved. 
The variations in E within the group of organosilylmethyl chlorides are probably not 
significant.) 

The reactivity of trimethylsilylmethyl chloride is ca. 16 times that of n-butyl chloride, 
and thus ca. 15 times that of -propyl chloride and ca. 8 times that of ethyl chloride 
(Conant and Hussey, loc. cit.). Methyl chloride has not been examined in this reaction, 
but from figures for other halogen-exchange reactions of alkyl halides (Ingold, ‘‘ Structure 
and Mechanism in Organic Chemistry,’’ Bell and Son, London, 1953, p. 323) methyl 
chloride is probably more reactive than trimethylsilylmethyl] chloride. 

A trimethylsilyl group, when attached to a saturated carbon atom, has a stronger 
+I effect even than the ¢ert.-butyl group (Sommer, Gold, Goldberg, and Marans, J]. Amer. 
Chem. Soc., 1949, 71, 1509). The increase in reactivity which occurs, in spite of the increase 
in steric hindrance, when the trimethylsilyl group replaces the methyl group in ethyl 
chloride might, then, be thought to arise from the increased electron supply to the central 
carbon atom, since such electron supply can facilitate this type of reaction; 4-methylbenzyl 
chloride, for example, is more reactive than benzyl chloride towards iodide ion in acetone 
(Ingold, op. cit., p. 327). That this is unlikely to be the explanation, however, is shown by 
the decrease of reactivity with increasing electron release of the organosilyl group as R in 
p-R-C,H,y’SiMe,°CH,Cl changes in the series Cl, H, Me, MeO. 

The increase in reactivity when a trimethylsilyl group replaces a methyl group may 
originate in the ability of a silicon atom to expand its valency shell. Winstein has 
suggested that the high reactivity of «-halogeno-ketones towards nucleophilic reagents 
may be due to partial bonding of the attacking reagents with the carbonyl carbon in the 
transition state, as in (I) (see Bartlett, in Gilman’s ‘‘ Organic Chemistry,” Wiley and Son, 
New York, 1953, p. 35; also, Eaborn, Chem. and Ind., 1954, 930). By analogy, a 


C1 8— cl 
¢ §— vd 
Me,Si-—— Ce 
oS 3— 


(11) 


transition state such as (II) may be postulated to explain the activating effect of a 
neighbouring silicon atom.* In the extreme, one might imagine a complex, in which 
iodide ion attached to silicon would be favourably placed for a displacement at the 
neighbouring carbon atom, but such an intermediate need not exist for (II) to be 
possible. Electron supply to the silicon atom would hinder its interaction with the 
iodide ion and reduce its activating influence, in agreement with the observed effects. 
The activation would probably be greater in the absence of steric hindrance, which must 
be appreciable in (II). 

There is no obvious reason why the silicon atom should not similarly activate trimethyl- 
silylmethyl chloride towards attack by sodium ethoxide in ethanol. In this case the 
greater nucleophilic power of the attacking reagent may cause the bond-making influences 
at the central carbon atom to be so dominant compared with bond-breaking influences that 
deactivation by the +J effect of the trimethylsilyl group more than outweighs activation 


by interaction similar to that in (II). 


* We understand that this type of transition state has been discussed by Drs. Cooper and Prober 
at the Kansas City meeting of the American Chemical Society, March 1954. 
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EXPERIMENTAL 


Organosilylmethyl Chlorides.—Interaction of chloromethyldimethylchlorosilane with the 
Grignard reagents from methyl iodide, bromobenzene, p-bromotoluene, p-bromoanisole, and 
p-bromochlorobenzene gave 60—70% yields of, respectively, chloromethyl-trimethylsilane, 
b. p. 97-5°, n™®, 1-4180; -dimethylphenylsilane, b. p. 123°/25 mm., n} 1-5214; -dimethyl-p- 
tolylsilane, b. p. 188—140°/12 mm., 243°/750 mm., n° 1-5182 (Found: C, 61-0; H, 7-6. 
C,9H,;CISi requires C, 60-5; H, 7:6%); -dimethyl-p-methoxyphenylsilane, b. p. 143°/5 mm., 
270°/755 mm., n° 1-5282 (Found: C, 56-2; H, 7-0. Cy 9H,;OCISi requires C, 56-0; H, 7-0%) ; 
and —p-chlorophenyldimethylsilane, b. p. 133°/3 mm., 260-5°/755 mm., n7 1-5350 (Found: C, 
49-7; H, 5:8. C,H,,Cl,Si requires C, 49-3; H, 5-5%). Except with the first-named product, 
fractionations were at reduced pressure; b. p.’s (corr.) at atmospheric pressure were taken 
quickly with rapidly heated samples, and there were no signs of decomposition. 

Materials.—Acetone was purified by Conant and Kirner’s method (J. Amer. Chem. Soc., 
1924, 46, 232). Potassium iodide was several times recrystallised from distilled water and was 
dried at 120° for 2 hr. 

Kinetic Measurements.—Separate solutions of the organic chloride and of potassium iodide 
were prepared by dissolving weighed quantities in acetone at room temperature. Portions 
(5 ml.) of the chloride solution were introduced into small Pyrex test-tubes and cooled to 
ca. —80°. Then the iodide solution (5 ml.) was added, and the tubes were sealed and kept at 
— 80° until required ; they were then immersed in a thermostat for known times. ‘“‘Zero”’ time 
readings were determined by analysis after the samples had been in the thermostat long 
enough to reach bath-temperature. The iodide-ion content on withdrawal was determined by 
Dostrovsky and Hughes’s method (J., 1946, 161) since Conant and Hussey’s method is inaccurate 
(Senior, Hetrick, and Miller, J]. Amer. Chem. Soc., 1944, 66, 1987). Thermostats were constant 
to -+-0-02°, and methylene-blue was dissolved in the bath water to protect the reaction mixture 
from light. For determinations of activation energies runs involving similar initial iodide 
concentrations were carried out at 49-7° and 40-6°. 

The following typical run refers to the interaction of (dimethylphenylsilyl)methyl chloride 
(initially 0-04548m) at 49-7°; hk, is the second-order rate constant. An 0-00404m-potassium 
iodate solution was used in titrating the iodide ion. 


ORR DUE. cud ink cde aedions “f 2: “f 23- 43 

Titre, ml. 21-32 5 5:7 2: 9- . 6°30 3°82 
102/RCl),* m -4( : . -48% "B52 3-243 3-051 
103/KI),* m way “63 2: . +2 -96 4-881 2-960 
k,, hr mole? 1, ... 1 1-13 : : oS 1-ll 1-14 


* Corrected for expansion of the acetone between room and bath temperature (factor, 1-043). 


The reaction is of second order within a run, and is of first order in organic chloride since the 
rate-constant was independent of the organic chloride concentration, which was usually 2— 
4 times that of the potassium iodide. As is usual for this type of reaction, the rate constant fell 
slightly with increasing salt concentration : e.g., k, for (dimethyl-p-tolylsilyl)methy] chloride was 
0-85(6) and 0-88(2) hr.-! mole? 1. for initial potassium iodide concentrations of 0-030 and 
0-019M, respectively. 
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Complex Fluorides of Iridium and Osmium. 


By M. A. Hepwortn, P. L. Ropinson, and G. J. WESTLAND. 
[Reprint Order No. 5443.] 


Complex fluorides of the general formula M(1)M(v)F,, where M(1) = Li, 
Na, K, Rb, Cs, Ag, and M(v) = Ir, Os, involving quinquevalent iridium and 
osmium have been prepared and characterised. Further, the preparation of 
complexes of the formula M(1),M(1v)F,, where M(1) = K, Cs, and M(1v) = Ir, 
Os, is also described. Evidence is presented to show that complexes of the 
types M(1)IrF, and M(1)OsF,, where M(1) = Na, K, do not exist. 


HITHERTO the known complex halides of iridium and osmium were the chloride and 
bromide, and, for osmium only, the iodide. Those of iridium, derived from the sexa- 
covalent element in the ter- and quadri-valent conditions, had the formulz M(1),Ir(111)Cl, 
and M(1),Ir(1v)Cl, respectively ; those of osmium included the isomorphous chloro-osmates 
M(1),Os(1v)Cl, and also a sexavalent series containing the osmyl, OsO,, grouping. 

Attempts to obtain complex fluorides from the chloroiridates and aqueous hydrogen 
fluoride were not successful (cf. Sharpe, J., 1950, 3444). Schlesinger and Tapley (J. Amer. 
Chem. Soc., 1924, 46, 276), however, claim to have prepared K,IrF, and PbIrF, from 
powdered iridium and potassium plumbifluoride, K,HPbF,. The classic work of Ruff 
and his collaborators (1913—1930), although mainly directed to the making of simple 
fluorides, ¢.g., IrF,, IrF,, OsF,, OsF,, and OsF,, included the observations that fluorin- 
ation of metallic iridium or osmium intimately mixed with an alkali-metal fluoride, yielded 
white, salt-like substances. No analyses or further information about these compounds 
was given and the present communication describes a reopening of the subject in which, 
by using bromine trifluoride as the fluorinating agent, we have been able to prepare new 
complex fluorides. These compounds are of special interest in that they are the first 
in which the metals osmium and iridium have been shown to exhibit a valency of five. 


EXPERIMENTAL 


Complex Fluorides of Quinquevalent Ivridium.—The bromine trifluoride was prepared as 
previously described (J., 1954, 1197). As the reagent does not react at room temperature with 
metallic iridium and only slowly and very incompletely at its boiling point, a bromide was 
substituted for the element and proved ideal for the preparations. The iridium bromide was 
prepared by dissolving good-quality sodium chloroiridate (Found: Ir, 34-1. Calc. for 
Na,IrCl,,6H,O: Ir, 34:4%) in 10% hydrochloric acid and heating the solution to 70—80° 
with a slight excess of ‘“‘ AnalaR’’ ammonium chloride. After 12 hr. the black crystals of 
ammonium chloroiridate were collected on a fritted-glass filter, well washed under suction 
with dilute hydrochloric acid, with 50% aqueous alcohol, both cooled to 0°, and, finally, with 
absolute alcohol [Found: Ir, 43-3. Calc. for (NH,),IrCl,: Ir, 43-6%]. The dried salt was 
warmed with aqua regia until it dissolved and the ammonium ion was destroyed; afterwards 
the solution was reduced to small bulk and twice evaporated to dryness following additions of 
48% ‘‘ AnalaR’”’ hydrobromic acid. Gentle heating for 2 hr. in a platinum dish removed the 
remaining acid and left a black crystalline mass with a composition approximating to IrBr;., 
(Found: Ir, 40-9, 40-7, 39-8. Calc. for IrBr,.;: Ir, 40:8%). The temperature employed is 
critical; overheating gives material which reacts with bromine trifluoride only with difficulty. 

(1) Reaction of bromine trifluoride with iridium bromide. TReaction occurred on warm- 
ing and was rapidly completed on boiling. Evaporation of the red solution gave a buff 
residue: this, at 125° in a vacuum, evolved a vapour which condensed to a yellowish- 
brown, oily liquid and left behind a second, buff solid. A similar liquid was described by Ruff 
(Z. anorg. Chem., 1929, 179, 161) as iridium tetrafluoride, IrF,, but the exact nature of both 
liquid and solid is still uncertain and is being investigated. 

(2) Reactions of bromine trifluoride with mixtures of potassium and iridium bromides. (a) 
Mixture KBr: IrBry., = 1:1. Warmed together these produced potassium hexafluoroiridate 
(v), KIrF,, a white solid sparingly soluble in bromine trifluoride and readily freed from bromine 
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by heating in a vacuum at 180° for 30 min. (Found: K, 11-5; Ir, 56-4; F, 34:0%; equiv., 354; 
loss on reduction in hydrogen, 26-7%. KIrF, requires K, 11:3; Ir, 55-8; F, 32-9%; equiv., 
346; loss on reduction in hydrogen, 27-4%). The valency of the iridium was established by 
allowing a known weight of the compound to react with potassium iodide (2%) in 2n-sulphuric 
acid and titrating the iodine released; 2 equiv. of iodine were liberated per equiv. of iridium 
which was itself thereby reduced to the tervalent state, indicating that the metal in the complex 
had a valency of 3+ 2= 5. Potassium hexafluoroiridate(v) is stable in dry air but rapidly 
turns from white to reddish-violet in a moist atmosphere owing to formation of colloidal iridium 
hydroxide. With hydrochloric acid it liberates chlorine; its significant behaviour with water is 
described in detail below. Debye X-ray powder photographs showed that it is isostructural with 
potassium hexafluororuthenate(v), KRuF,; it has a rhombohedral lattice with a = 4-98 A 
and « = 97-4°. 

(b) Mixture KBr: IrBr,:, = 2:1 and 3:1. Again the products were sparingly soluble in 
bromine trifluoride, the excess of which was readily removed under reduced pressure at room 
temperature, to leave pink residues which, on heating to 180° for 30 min. in a vacuum, left 
cream solids. X-Ray examination of both preparations indicated that they were largely 
potassium hexafluoroiridate(v); other lines present showed the solids contained respectively 
1 and 2 equiv. of partially decomposed KBrF,, 7.e., KF,0-5BrF,; (Found: Ir, 40-1%; equiv., 
486. KIrF,,KF,0-5BrF, requires Ir, 40-99%; equiv., 472). 

(3) Cesium, rubidium, and silver hexafluoroiridates(v). Treatment of a 1:1 mixture 
of cesium and iridium bromides with bromine trifluoride yielded cesium hexafluoroiridate(v), 
a white solid almost insoluble in bromine trifluoride (Found: Ir, 44:0; F, 266%; equiv., 
454. CsIrF, requires Ir, 43-9; F, 25-99%; equiv., 440). The quinquevalency of the iridium 
was Clear since 2 equiv. of iodine were liberated; and X-ray examination, giving a = 5-26 A, 
« = 96-2°, showed it.to be isostructural with the potassium salt which it closely resembles. In 
a like manner rubidium hexafluoroiridate(v), also a white powder, was obtained (Found: Ir, 
48-4; F, 29:-6%; equiv., 409. RbIrF, requires Ir, 49-2; F, 29:0%; equiv., 393). Similarly 
a 1: 1 mixture of silver bromide and iridium bromide yielded silver hexafluoroiridate(v) (Found : 
Ir, 45-6; Ag, 26:3; F, 280%; equiv., 430. AglIrF, requires Ir, 46-5; Ag, 26-0; F, 27-5%; 
equiv., 415). This salt bears a remarkable resemblance to the corresponding silver hexafluoro- 
ruthenate(v) in being soluble in warm bromine trifluoride and in possessing a deep orange 
colour the intensity of which increases on heating and diminishes on cooling. 

(4) Lithium and sodium hexafluoroiridates(v). Starting with a 1:1 mixture of lithium 
or sodium bromides with the iridium bromide, the corresponding hexafluoroividates were 
prepared. Whereas, however, the sodium and other salts here described were stable when 
heated to 180°, the lithium salts seemed to decompose slightly with, as would appear from the 
analysis, the loss of some iridium (Found: Ir, 53-8; F, 41:3%; equiv., 298. LilrF, requires 
Ir, 61-5; F, 36-39%; equiv., 314. Found: Ir, 58-5; F, 34:8%; equiv., 356. NalIrF, requires 
Ir, 58-5; F, 34:5% ; equiv., 330). Both the lithium and the sodium salt are white solids, insoluble 
in bromine trifluoride, and extremely sensitive to moisture which immediately darkens the 
surface. 

(5) Barium hexafluoroiridate(v). A 1:2 mixture of barium bromate and _ iridium 
bromide gave white barium hexafluoroiridate(v). It is slightly soluble in bromine trifluoride, 
and is rapidly attacked by moisture with formation of superficial, reddish-violet iridium 
hydroxide [Found : Ir, 50-8; F, 30-9%; equiv., 741. Ba(IrF,), requires Ir, 51-4; F, 30-3%; 
equiv., 751). 

Complex Fluorides of Quadrivalent Ivridium.—(1) Potassium hexafluoroiridate(1v). Potas- 
sium hexafluoroiridate(v) (see above) was treated with the minimum amount of distilled water 
required to bring it into solution. Oxygen was immediately and rapidly evolved in the cold, 
and afterwards the solution was gently heated (not above 70°) to complete the reaction. 
After separation of a small quantity of iridium hydroxide, it was allowed to crystallise. 
Different specimens of potassium hexafluoroiridate(v) gave preparations which differed slightly : 
one, for example, left a pale yellow solution when the evolution of oxygen had ceased, which 
yielded very pale yellow crystals; another sample left a pale pink solution from which pale 
pink plates separated. The latter appear to correspond with crystals prepared by Schlesinger 
and Tapley (loc. cit.). Undoubtedly these were both potassium hexafluoroiridate(1v) (Found : 
Ir, 49:5; F, 30-4. K,IrF, requires Ir, 50-1; F, 29-6%). Further crops of less pure crystals 
were obtained by adding concentrated potassium fluoride solution to either of the mother- 
liquors. Potassium hexafluoroiridate(rv) is slightly soluble in cold water to give an almost 
colourless solution which shows no hydrolysis after several days. In this respect the compound 
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is more stable than the corresponding potassium fluororuthenate(1v), from which it also differs 
in its resistance to attack by chloride ions: even boiling with concentrated hydrochloric acid 
for some time leads to no trace of the characteristically coloured IrCl,-- ion. It is, however, 
reduced to the tervalent state by 48% hydrobromic acid and the solution turns green. 

(2) Cesium hexafluoroiridate(tv). Exactly analogous results were obtained when czsium 
hexafluoroiridate(v) was treated with water. Oxygen was evolved, and pale pink or yellow 
solutions gave correspondingly coloured crystals of cesium hexafluoroividate(tv) [Found: Ir, 
33-4 (pink), 34-4 (yellow); F, 20-4 (pink), 20-4 (yellow); Cs, 46-6 (yellow). Cs,IrF, requires 
Ir, 33-7; F, 19-9; Cs, 46-4%], whose properties closely resemble those of the potassium salt. 

(3) Barium hexafluoroiridate(tv). When barium hexafluoroiridate(v) was warmed with 
water, oxygen was evolved and a pale pink precipitate remained. The mother-liquor yielded 
more of the same precipitate when barium nitrate was added. The latter was pure barium 
hexafluoroiridate(tv) (Found: Ir, 43-1; F, 25-9. BalrF, requires Ir, 43-5; F, 25-7%). The 
salt is almost insoluble in water. X-Ray examination shows it to have a rhombohedral 
lattice with a = 4-90 A, « = 97-8°. 

(4) Both iridium and silver hexafluoroiridates(v) were tried but the reddish-violet solutions 
contained much colloidal iridium oxide from which crystals were difficult to isolate. 

Possible Sexavalent Complex Fluorides of Ividium.—Ruff (loc. cit.) demonstrated the 
extreme reactivity of iridium hexafluoride, and, to get it in a pure form, fluorinated metallic 
iridium in a fluorite tube and subsequently manipulated the product in silica apparatus. In 
these laboratories it has been found that many reactive materials can be conveniently prepared 
in alumina tubes and we have found them completely satisfactory for this preparation. 
Fluorine, freed from hydrogen fluoride by passage over sodium fluoride pellets followed by a 
trap at —180°, and diluted with nitrogen, was passed over iridium. The metal was in the 
active, finely divided condition resulting from the reduction of ammonium chloroiridate in 
hydrogen at a low temperature. The operation was carried out in an alumina boat in a 
0:75-in. alumina tube, the temperature of which was slowly raised until, at about 300°, the 
iridium reacted with great vigour. The bright yellow hexafluoride vapour was collected at 
—65° in a silica train, whence, after purification by trap-to-trap distillation in a vacuum, it 
was condensed on to well-dried potassium fluoride in a silica bulb. No evidence of reaction 
was observed when the mixture was heated to the boiling point of the iridium hexafluoride 
and, furthermore, all the iridium hexafluoride was easily removed by maintaining a vacuum at 
room temperature. These careful observations agree with those of Ruff (loc. cit.) and establish 
the absence of sexavalent iridium complexes. 

Complex Fluorides of Quinquevalent Osmium.—(1) The extent to which osmium reacts 
with bromine trifluoride and the ease with which this takes place depend markedly on the 
state of the metal. Some samples reacted quietly and completely at about 30°; others even 
prolonged boiling in the bromine trifluoride failed to bring completely into solution. Hence 
recourse was had to a material consisting essentially of osmium tetrabromide, OsBr,. Metallic 
osmium (3 g.) was burnt in a porcelain boat in a current of oxygen, and the volatile tetroxide 
carried forward was collected in a trap cooled with liquid air; the further arm of the trap 
was attached by a “‘ Quickfit ’’ joint to a vertical water-cooled condenser. The trap and its 
contents were sealed off from the reaction tube, and a mixture of ‘‘ AnalaR ’’ 48% hydrobromic 
acid (50 c.c.) and absolute alcohol (3 c.c.) was poured through the condenser on to the osmium 
tetroxide where it was vigorously refluxed for 8 hr., by which time the liquid was an intense 
deep red. It was first evaporated gently in a platinum dish to remove free hydrobromic acid, 
and then heated over a small flame for 2 hr. to convert the sticky mass into black, friable, 
crystalline osmium tetrabromide (Found: Os, 37:7; Br, 63-1. OsBr, requires Os, 37:4; Br, 
62:6%). 

This osmium tetrabromide dissolved in bromine trifluoride, even below room temperature ; 
it gave a pale red solution which left a pale buff residue after the solvent had been removed 
in a vacuum at room temperature. Heated, still under vacuum, to 110°, this turned pale 
violet and later evolved (i) a more readily volatile material which froze to a brown solid in a 
liquid-air-cooled trap, and (ii) a smaller quantity of a less volatile substance which formed an 
orange sublimate on the upper surface of the reaction vessel. Both these products retained 
bromine with tenacity and are still under investigation. 

(2) Potassium bromide-osmium tetvabromide (1:1). This reacted readily with bromine 
trifluoride at room temperature, completion being marked by the appearance of a white 
precipitate. Removal of excess of bromine trifluoride in a vacuum at room temperature 
followed by heating the residue to 190° for 30 min. left potassium hexafluoro-osmate as a white 
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powder (Found: Os, 54:6; F, 33-4%; equiv., 347. KOsF, requires Os, 55-5; F, 33:1%; 
equiv., 343). By titration after an appropriate amount of the complex had been added to 
approximately 1 g. of potassium iodide in 50 ml. of 2N-sulphuric acid, it was shown that one 
equiv. of iodine was liberated. Hence the valency of the osmium is 4+ 1= 5. X-Ray 
examination showed it to be isostructural with KRuF, and KIrF,; the rhombohedral lattice 
has a = 4:99 A, a = 97-2°. Potassium hexafluoro-osmate(v) is stable in dry air; in the 
presence of moisture it soon smells of osmium tetroxide and eventually turns black. This 
hydrolytic decomposition is much slower, however, than that of the corresponding hexa- 
fluororuthenate(v) and hexafluoroiridate(v) in a similar environment; these deliquesce very 
rapidly. This characteristic is reflected in the reaction with water described below. 

(3) Casium bromide—osmium tetrabromide (1:1). Similarly cesium hexafluoro-osmate(v) was 
obtained as a white powder insoluble in bromine trifluoride (Found: Cs, 30-8; F, 25-8. 
CsOsF, requires Cs, 30-4; F, 26-0%). It liberated one equiv. of iodine, hence the osmium is 
again quinquevalent; furthermore, it closely resembles the potassium salt. X-Ray examin- 
ation showed it to be isostructural with the corresponding czsium hexafluoroiridate(v), the 
lattice being rhombohedral with a = 5-28 A, « = 96-13°. 

(4) Sodium and silver hexafluoro-osmates(v). Fluorination of 1:1 mixtures of osmium 
tetrabromide with sodium and silver bromides respectively yielded the hexafluoro-osmates(v). 
Sodium hexafluoro-osmate(v) is white, slightly soluble in bromine trifluoride, and very like the 
potassium salt (Found: Os, 58-5; F, 35-2. NaOsF, requires Os, 58-0; F, 34:8%). Silver 
hexafiuoro-osmate(v) is pale orange and notably soluble in bromine trifluoride; in these respects 
it resembles the corresponding hexafluoro-ruthenate and -iridate though the colour is lighter 
(Found: Ag, 25-7; F, 27-4. AgOsF, requires Ag, 26-1; F, 27-6%). 

Complex Fluorides of Quadrivalent Osmium.—(1) Potassium hexafluoro-osmate(Iv). Potas- 
sium hexafluoro-osmate(v) dissolved in water to form a colourless solution which, at first 
odourless, through a slow hydrolysis shortly smelt of osmium tetroxide. On the addition of 
1 equiv. of potassium hydroxide to a freshly prepared solution, an orange colour immediately 
developed, oxygen was copiously evolved, and crystals began to form. The preparation was 
kept in the refrigerator for 12 hr., and the pale yellow crystals of potassium hexafluoro-osmate(Iv) 
were separated on a glass filter (suction), and well washed with successive quantities of ice- 
cold water and finally with absolute alcohol (Found: Os, 49-0; F, 30-2. K,OsF, requires 
Os, 49:7; F, 29-6%). These crystals, though much less sensitive to hydrolysis, resemble the 
corresponding potassium hexafluororuthenate(Iv) very closely. They are sparingly soluble in 
cold water and the solution appears to be stable for several days at least; indeed, their mode 
of preparation shows a resistance to hydrolysis even by alkalis. In the presence of hydrogen 


+ 
ions exchange with chloride ions readily takes place: OsF,-~ + 6Cl- ch OsCl,-~ + 6F-, 
shown by the fact that warming with dilute hydrochloric acid slowly produced the readily 
recognisable yellow colour of the OsCl,-- ion. This change is accelerated by increasing the 
temperature and the concentration of the acid; it does not occur in the absence of hydrogen 
ions. With sulphuric acid an intense brown colour develops slowly which is very similar to 
that of a ruthenium(Iv) sulphate solution; it is probably due to the analogous osmium(Iv) 
sulphate. 

(2) Cesium hexafluoro-osmate(tv). Czsium hexafluoro-osmate(v) was dissolved in water 
and formed a colourless solution which rapidly developed a smell of tetroxide. The addition 
of an equal volume of alcohol to the freshly made solution precipitated pale yellow crystals 
of cesium hexafiuoro-osmate(1v) (Found: Os, 32:5; F, 20-7. Cs,OsF, requires Os, 33-3; F, 
20:0%). It closely resembles the potassium salt, and on warming with concentrated hydro- 
chloric acid turns yellow and precipitates orange Cs,OsCl,. Attempts to prepare the silver 
salt, Ag,OsF,, by this method were not successful, probably owing to its higher solubility in 
water 

The Absence of Complex Fluorides of Octavalent Osmium.—Fluorine (10 g. per hr.), free 
from hydrogen fluoride and diluted with nitrogen, was passed over metallic osmium (1 g.) 
in a nickel boat in an electrically heated alumina tube. Reaction began at 180° and was 
complete at 200°; the osmium octafluoride carried by the gas stream separated in a trap 
cooled in liquid air. The yield was almost theoretical; a slight blackening at the outlet when 
the temperature was raised to 300° to remove lower fluorides showed a trace of these, but no 
residue remained in the nickel boat (cf. Ruff and Tschirch, Ber., 1913, 46, 929). The octa- 
fluoride was purified by trap-to-trap distillation and finally frozen in an evacuated bulb 
containing sodium or potassium fluorides. It was melted and then boiled for about 30 min. 
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but the white, alkali-metal fluorides simply remained suspended in the boiling, pale red octa- 
fluoride. When the latter was subsequently removed under a vacuum at room temperature, 
the weight increases of the solids showed little retention of osmium: 0-387 g. of sodium 
fluoride increased by 0-133 g., and 0-191 g. of potassium fluoride by 0-048 g., in conformity 
with an unpublished observation by Peacock, who found that 0-030 g. of potassium fluoride 
increased by 0-010 g. Both residues were white, smelt of osmium tetroxide, and gave a 
yellow colour with alkali, but combination, if it occurred, was less than 4—5%, certainly not 
enough to justify an assumption of the existence of NaOsF, or KOsF,. Ruff’s statement that 
osmium octafluoride combines with alkali-metal fluorides with ‘‘ unusual ease ’’ to form salt- 
like addition products which can also be obtained by passing fluorine over a heated mixture 
of osmium powder and the alkaline fluoride, though quoted in recent texts, is clearly incorrect. 
The first reaction does not take place, and the second yields a hexafluoro-osmate(v). 

Analysis.—Ividium. Attempts to precipitate the oxide by hydrolysis in aqueous solu- 
tion proved, as Sharpe and Emeléus (/J., 1948, 2135) found for platinum in corresponding 
complexes, incomplete in a fluoride solution (e.g., Ir, 51-6 in place of 55-8%). Satisfactory 
results were obtained only by heating the complex with fusion mixture in a platinum dish, 
leaching the melt with water, and collecting the oxide on a Whatman 541 paper. The pre- 
cipitate was well washed with hot 2% ammonium sulphate solution, ignited in a platinum 
crucible, reduced in hydrogen, and weighed as metal. 

Osmium. Fusing the complexes in a platinum dish with fusion mixture in an atmosphere 
of hydrogen with a view to securing the metal in one stage was tried, but gave low results 
(e.g., Os, 52-6 in place of 55-5%). Thereafter quinquevalent osmium was determined simply 
by titrating the iodine liberated from potassium iodide in 2N-sulphuric acid with sodium 
thiosulphate. On the other hand, quadrivalent osmium complexes were treated with sulphuric 
acid to remove fluorine as fluosilicic acid, the resulting brown osmium(rv) sulphate was diluted 
with water, and the element determined in this solution by titration with 0-1N-potassium 
permanganate, 4 equiv. of which are required to oxidise it to the octavalent state. 

Fluorine. This was determined as lead chlorofluoride, either directly in the filtrate after 
the removal of the “‘ platinum ’’ metal, or in the fluosilicic acid distillate produced by heating 
the compound with sulphuric acid. 

Alkali metals and silver. The complex was reduced in hydrogen, the residue extracted 
with water, and the resulting solution evaporated with sulphuric acid in a platinum dish. 
After ignition to a dull red heat the alkali metal was weighed as sulphate. Silver was determined 
as the chloride. 

X-Ray Photographs.—A 0-5-mm. capillary was charged with the complex fluoride, the dry- 
box technique being employed. Photographs were taken by using a 19-cm. camera and 
Fe-K, radiation in conjunction with a lithium fluoride monochromator. 


DISCUSSION 


Table 1, covering only the potassium salts, shows our present view of the relationship 
between the complex fluorides of the platinum metals. With one exception, namely 
K,RhF,, the complexes are of two types: (i) KM(v)F, restricted to ruthenium, osmium, 


TABLE 1 

KRuF, K,RhF, ' 

K,RuF,® K,RhF,® K,PdF,@ 

KOsF, ‘ KIrF, ® - > 

K,OsF, K,IrF, K,PtF, 

References : (1) Hepworth, Peacock, and Robinson, J., 1954, 1197. (2) Present work. (3) Weise 
and Klemm, Z. anorg. Chem., 1953, 272, 211. (4) Sharpe, J., 1950, 3444. (5) Idem, J., 1953, 197. 
(6) Hoppe and Klemm, Z. anorg. Chem., 1952, 268, 364. 


and iridium which are able to exhibit valencies higher than four, and (ii) K,M(1v)F, 
common to all six metals. 

(i) Type KM(v)F,.—This type is unique in the series of metals in that ruthenium, 
osmium, and iridium exhibit the unusual valency of five, for previously only one compound 
containing quinquevalent osmium had been prepared (Dwyer and Hogarth, J]. Amer. 
Chem. Soc., 1953, 75, 1008) and none containing quinquevalent iridium. No simple 
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pentafluorides of either osmium or iridium corresponding with this series of complexes 
are known, but work proceeding in these laboratories gives promise of leading to their 
isolation. 

Magnetic measurements kindly made for us on these complexes by Dr. J. K. Dawson 
and by Professor R. S. Nyholm are summarised in Table 2. 


KRuF,g, 3:6 B.M. * 
CsRuF,, 3:83 B.M. fF 
AgRuF,, 3-70 B.M. t 
Cs,RuF,, 2-98 B.M. f K,OsF,, 1:35 B.M. f 
* Dawson t Nyholm 


The moments of the hexafluororuthenates(v) definitely show the presence of three 
unpaired electrons on the ruthenium atom. These moments have the highest values so far 
found among the relatively few magnetic measurements as yet made on the platinum 
metals. The moment of cesium hexafluororuthenate(Iv), however, corresponds to that 
required for two unpaired electrons. The bonding in these ruthenium complexes is clearly 
of the d*sp* type, the six fluorine atoms being at the corners of an octahedron centred on 
the heavy metalatom. A study of the structure of these compounds at present being made 
confirms this view. 

The moments of the hexfluoro-osmates(v) thus far measured leave little doubt that the 
osmium atoms also have three unpaired electrons. The values are all less than that 
calculated for the postulated electronic condition, but a similar discrepancy between 
calculated and determined moments is found in other osmium compounds (e¢.g., K,OsCl, 
where pu calc. is 2-83 B.M. and uw found only 1-44 B.M.); indeed it happens in the case of 
K,OsF, shown above, where the depression is of the same order as that found in the chloro- 
complex just instanced. 


TABLE 3 


Outer electron configuration 
. ; r a eames 
Element 3onding (n —1)d ns np 


a (4) Vt] 
nn cee CTIA] «= A] ATTEN 
O5(V) veeenenn SOSA COTTA Mo OM 
Ir(V) ...ccecseseeessseeee — BA2BSPF LI [v4] | 


In the hexafluoroiridates(v) the moments are of the same order as that of the Os(rIv) 
complex, and the respective co-ordinating atoms possess the same outer electronic configur- 
ation. It may reasonably be supposed, as Nyholm (personal communication) suggested, 
that in the iridates there has been a break-down of Hund’s rule of maximum multiplicity, 
and that the iridium atoms, despite the low moments observed, possess two unpaired 
electrons. 

The alkali-metal salts are nearly all insoluble in bromine trifluoride; in this respect 
they are analogous to the isostructural barium fluorosilicate(Iv) and fluorogermanate(Iv) 
which are insoluble in water. A peculiarity of the ruthenium series is an apparent, 
possibly a real, inability to form a sodium salt; this suggested there was a limit to the 
size of the alkali-metal cation below which salts of this type were not formed (Hepworth, 
Peacock, and Robinson, Joc. cit.). The present work has shown, however, that both 
sodium hexafluoro-osmate(v) and hexafluoroiridate(v) can be readily prepared and that 
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even lithium hexafluoroiridate(v) can be obtained, although it is evidently less stable 
since it suffered some thermal decomposition at the temperature of preparation. As 
the dimensions of the RuF,~, OsF,~, and IrF,~ ions are very similar, some explanation, 
other than that depending solely on the effect of size of the positive ion, must be sought 
for the absence of a sodium hexafluororuthenate(v). A knowledge of the relative strengths 
of the hypothetical “‘ acids” (BrF,)RuF,, (BrF,)OsF,, and (BrF,)IrF, might well explain 
the anomaly. 

Sharpe (J., 1950, 3444) has pointed out the need for choosing correct proportions of 
“acid ’”’ and “ base”’ in preparing a complex by means of bromine trifluoride, and the 
possibility of subsequent solvolysis leading to an impure preparation. The main products 
of thermal decomposition of the “ acids ’’ mentioned above, when they are heated in a 
vacuum, are, however, volatile and, unlike those of other “ acids’ such as (BrF,),PtF, 
and (BrF,),PdF,, can be readily removed by evaporation. Excess of ‘“‘ acid ’’ may thus 
be safely employed in preparations involving the use of the first kind, the advantage 
being two-fold: (a) visual evidence is afforded of the extent to which salt formation has 
proceeded when the residue is heated above 120° in a vacuum; (0) solvolysis is reduced 
to a minimum and the purity of the resulting complex is assured. In practice only very 
small excesses of “‘ acid’ are found to be necessary to ensure satisfactory preparations. 

With water the various MF,~ ions undergo a complicated change of which the essentials 
may be represented thus: 4MF,~- + 2H,O—»4MF,-- + 4H* + 0,. This reaction 
occurs readily with the RuF,~ and IrF,~ ions even in the cold. The OsF,~ ion is different ; 
initially it appears to dissolve in water without obvious change, and the above reaction 
only takes place after the pH has been raised above 7 by the addition of alkali. The ion 
can, however, oxidise aqueous alcohol as is illustrated in the preparation of Cs,OsF, 
(p. 4272). Furthermore, both the ruthenium and osmium complexes disproportionate 
with the formation of small amounts of their respective tetroxides. Disproportionation 
reactions are not feasible in the iridium complexes owing to the instability of the element’s 
higher valency states in aqueous solution; a little quadrivalent oxide is found to separate 
as a black precipitate or to remain in a colloidal suspension. 

(ii) Type K,M(1v)F,.—In general, these complexes are similar in physical and chemical 
properties to K,PtF,, first described in detail by Sharpe (Joc. cit.). Qualitatively their 
resistance to hydrolysis appears to increase in the following order: PdF,~- < RhF,-- < 


RuF,-~ < PtF,-- < IrF,-~, OsF,-~. In the presence of hydrogen ions ready inter- 
H+ 


change with simple halide ions takes place according to the scheme: 6MF,~~ + 6Cl- —» 
6MCl,-— + 6F-. Iridium is something of an exception in that the reaction is exceptionally 
slow with chloride ions but faster with bromide owing, presumably, to the accompanying 
reduction which they cause. 


The authors are greatly indebted to Dr. J. K. Dawson and Professor R. S. Nyholm for 
making magnetic measurements on the complexes, and acknowledge grants for material and 
maintenance (M. A. H.) from the Department of Atomic Energy. They thank Imperial 
Chemical Industries Limited, General Chemicals Division, Widnes, for the use of the necessary 
fluorine cell, and Johnson, Matthey & Co. Ltd. for the loan of the various platinum metals. 
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Polarography with a Stationary Platinum Plate Electrode. Part I. 
The Time of Decay of the Diffusion Layer. 
By S. E. S. Et Waxxkap, S. E. KHALAFALLA, and A. M. SHAms Et DIN. 
[Reprint Order No. 5445.] 


Polarography with stationary platinum electrodes is developed. The 
time of decay of the diffusion layer is studied by a procedure in which the 
potential is applied intermittently to the electrode, and agrees with that 
obtained theoretically. By taking this time into consideration reproducible 
diffusion currents can be obtained which are directly proportional to the 


concentration. 


POLAROGRAPHY with the dropping-mercury electrode is limited in anodic processes by 
dissolution of the metal (El Wakkad and Salem, J. Phys. Chem., 1952, 56, 621; Kolthoff 
and Miller, 7. Amer. Chem. Soc., 1941, 63, 1405, 2732). Platinum electrodes can be used 
in the study of oxidation reactions up to +1-2 v vs. S.C.E. (El Wakkad and Emara, J., 1952, 
461) and several investigators tried to obtain reproducible polarograms with them (Laitinen 
and Kolthoff, J. Phys. Chem., 1941, 45, 1079; Miller, Trudy Vesesoyuz. Konferentsit. Anal. 
Khim, 1943, 2,551; Miiller, J. Amer. Chem. Soc., 1947, 69, 2992; Skobets and Kacherova, 
Zavodiskaya Lab., 1947, 13, 133; Lyalikov and Karmazin, zbid., 1948, 14, 138, 144; Lyalikov 
and Glazer, :bid., 1949, 15, 909; Lyalikov, 7bid., 1950, 16, 442). In voltammetry (Kolthoff 
and Lingane, “‘ Polarography,” Interscience, New York, 1946, p. 429 ef seq.) with stationary 
electrodes, the diffusion layer is allowed to extend into the solution and a steady state is 
awaited. This takes a long time, beside giving irreproducible results. 

In this Series it is intended to study the properties of the diffusion layer and the diffusion 
currents on a platinum plate electrode with the aim of arriving at a new procedure for 
polarography in which these difficulties are overcome. In this paper the time of decay of 
the diffusion layer is studied. No previous work on stationary platinum plate electrodes 
from the present standpoint has been published. For this purpose the potential is applied 
intermittently to the electrode, 1.e., electrolysis is allowed to proceed for a short time (about 
3-5 sec.) and then the current is interrupted for the time required to destroy completely 
the diffusion layer and restore the initial conditions. This time, obtained experimentally, 
is found to be in agreement with that calculated theoretically. It is shown that by taking 
this time into consideration, reproducible results for the diffusion currents can be obtained 
which are directly proportional to the concentration. 


EXPERIMENTAL 

The electrical circuit used in applying the potential intermittently to the electrode is shown 
diagrammatically in Fig. 1. S was a geared, constant-speed, motor controlled by a suitable 
resistance. A light copper brush B, attached to its axle, rotated on an ebonite disc D, containing 
a quarter-segment of copper through which the electrical connection was made. The key T 
isolated the electrolytic cell E, so that, by omitting periodic cycles of the disc it was possible to 
obtain different ratios of the time of electrolysis to the time of interruption; and A was an 
accurate Sangamo Weston microammeter which gave direct readings to +0-5 wa. 

The known variable e.m.f. applied to the electrolytic cell was obtained from the accumulator 
C and the potential divider R,. The total drop across the bridge was measured by the volt- 
meter V, and for convenience was adjusted by FR, to be exactly 2 v. 

The Pyrex electrolytic cell, of ca. 150 ml. capacity, was fitted with a rubber bung having 
four openings, for the platinum electrode, the syphon for the reference calomel electrode, an 
accurate thermometer, and an outlet for nitrogen which was introduced through two side 
openings to maintain an atmosphere of nitrogen over the solution during measurements. The 
platinum electrode was a platinum foil one face of which was covered with soda glass, thus 
exposing an area of 0-18 cm.?. The other half cell was a saturated calomel electrode of relatively 
large surface area to minimise the polarisation effect. Most measurements were carried out 
in 2 x 10°, 1-5 x 10-3, 1-0 x 10-3, or 5-0 x 10-‘m-silver nitrate in a supporting electrolyte 
of 0-1m-sodium nitrate, all prepared from ‘‘ AnalaR ”’ materials and conductivity water. 

To perform an experiment, the platinum electrode was washed with nitric acid, conductivity 
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water, and then with the solution to be studied. Pure nitrogen was passed through the solution 
for about 15 min. to remove dissolved oxygen. The nitrogen was then allowed to pass over the 
solution during the measurements and great care was taken to keep the solution undisturbed. 
Every experiment was carried out with a clean electrode and a fresh solution. All experiments 
were carried out at 25° + 0-1°. 

When the brush B, Fig. 1, made contact with the copper part of the disc D, a comparatively 
high instantaneous current—termed throughout this paper the maximum current—was found 
to pass. This current decreased gradually until the circuit was interrupted by the ebonite part 
of the disc. 


RESULTS AND DISCUSSION 


In Fig. 2 are shown the results obtained for the maximum currents recorded in 1-5 x 
10°m-silver nitrate solution at potentials of 0-0 and —0-3 v ws. S.C.E. at one revolution 
per 13 sec. (t.e., an electrolysis time of 3-25 sec.). The current falls off gradually towards a 
steady value, indicating that the time during which the electrolysis was interrupted was 
not enough to destroy completely the diffusion layer and so start each cycle from precisely 
the same conditions. 

The minimum time required to destroy the diffusion layer which was built up during the 
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electrolysis interval was obtained by increasing gradually the time of interruption of the 
process of electrolysis. 

In Fig. 3 are shown the curves obtained for the maximum diffusion currents recorded 
as the time of interruption was increased. The black spot on each curve represents the 
initial diffusion current while the crosses show the values of the diffusion currents as the 
ratio between the time of electrolysis to the time of interruption was increased from 1 : 3 
to 1 : 27 by manually operating key T. The diffusion currents retain their original values 
when the time of interruption has become 19—20 times that of electrolysis, 7.¢., the minimum 
time required to destroy completely the diffusion layer which is built up during an electro- 
lysis interval is 19—20 times as much as this electrolysis interval. These observations can 
be verified by taking into consideration the laws of linear diffusion as follows : 

In the case of linear diffusion to a plane electrode, the distribution ¢ of the diffusing 
species near the electrode surface is given by the relation (MacGillavry and Rideal, Rec. 
Trav. chim., 1937, 56, 1013) : 


x % [re 
@¢=c ert( 5 7p) = fa } exp (—y?)du 


where erf represents the error function (cf. Glaisher, Phil. Mag., 1871, 42, 294), c is the bulk 
concentration of the diffusing material, x is the distance from the electrode surface, ¢ is the 
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time measured from the moment at which electrolysis commenced, D is the diffusion 
coefficient, and yu is an integration variable. 

Von Stackelberg and Strehlove (Z. Elecktrochem., 1950, 54, 51) differentiated between 
the thickness of a differential diffusion layer 8 and the thickness of an integral diffusion 


layer A (see Fig. 4) : 
0p\~* Di =. 
$= (5) == (¥ ay = VxDt 
_» Je Cc 
5, therefore, corresponds to the layer that would be present if there was a linear fall in 
concentration with the distance. 


Fic. 3. 
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Stackelberg and Strehlove, loc.cit.). 
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The integral diffusion layer of thickness A is that corresponding to the same amount of 


ions actually reduced, 
ie d rf f > 
A=- c— g)d%x =2] eric| —— 
=} (—9) (5p) 


U Uv 
where erfe stands for the complementary to the error function, or 
A = 4\/ Dt) 
for a plane electrode. 
Let y, stand for the total of reducible ions depleted through electrolysis in time 4. 


It corresponds, therefore, to the amount of ions present in a layer of thickness A and 
cross sectional area A, 1.e., 


y, = AcA=4AcVDije 2. 2 wwe ee CL) 


When electrolysis is interrupted the amount of reducible materials required to compensate 
for that lost during electrolysis can be computed by Fick’s first law of diffusion. Thus : 


ty te 
Vo =| dn oj} 


0 0 


0d ; : ee Soc _ ; 
where (5) is the gradient of the distribution curve at the solution side of the differential 


diffusion layer and » is the number of moles of the diffusing material. 
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The gradient of the distribution curve at any point is given by : 
0d ee ict ox —* 
ax Vnbt*? api 
It can be shown that the diffusion gradient has its mean value when x = xD. 


ts — 
c T 4 bal 
5 DA VaDi oP (— gq) =2e ; = = 0-912AcV/Dt,/x . (2) 
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In order to start precisely from the same experimental conditions, the amount reduced in 
time ¢, must be equal to the amount diffusing in time ¢,; 1@.e., y, must be equal to yg. 
Therefore, from equations 1 and 2, f, = 19-24t,. This theoretical conclusion indicates 
that the time of decay of a diffusion layer which has been built up during an electrolysis 
interval, is about 19 times this interval. This is in agreement with experiment. The same 
results have also been obtained experimentally during the electro-oxidation of ferrous iron. 

By taking into consideration this time necessary for the complete decay of the diffusion 
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layer the satisfactory and reproducible current-voltage curves shown in Fig. 5 were obtained 
for silver nitrate solutions of various concentrations between 5-0 x 10-4 and 2-0 x 1078. 
The residual current of the supporting electrolyte was determined with the same platinum 
electrode after it had been coated with silver, under the conditions of the experiments. 
When the residual current of the supporting electrolyte was taken into consideration, 
constant diffusion current regions were obtained (see Fig. 6). When these diffusion currents, 
which were obtained at different concentrations of silver nitrate, were plotted against the 
concentration of the solution a straight line passing through the origin (Fig. 7) was obtained. 

This indicates clearly that, by taking into consideration the time necessary for the 
complete decay of the diffusion layer on a stationary platinum plate electrode, reproducible 
results for the diffusion currents can be obtained which are directly proportional to the 
concentration. 
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Synthesis of “* Active Methionine.” 
By J. BappiLey and G. A. JAMIESON. 
[Reprint Order No. 5548.] 

S-(5’-Deoxyadenosine-5’)-methionine (I) has been synthesised and shown 
to be chemically indistinguishable from the natural transmethylation inter- 
mediate ‘‘ active methionine.”’ 

pL-a-Amino-y-butyrolactone (II) was converted into DL-«-amino~y- 
bromobutyric acid hydrobromide (III) which reacted with 5’-deoxy-5’-methyl- 
thioadenosine (IV) to give the sulphonium compound (I). The product 
possessed about half of the activity of ‘‘ active methionine ’’ in enzyme tests. 
This is the maximum activity expected from a synthesis which starts from 
racemic «-amino-y-butyrolactone. 


In certain biological methylation processes adenosine triphosphate reacts enzymically with 
methionine to form an intermediate substance which is generally known as “ active meth- 
ionine ’’ (Cantoni, J. Biol. Chem., 1951, 189, 745). The structure (I), proposed tentatively 
by Cantoni for this intermediate (J. Amer. Chem. Soc., 1952, 74, 2942; J. Biol. Chem., 1953, 
204, 403), has been substantiated by a further study of its chemical and physical properties 
(Baddiley, Cantoni, and Jamieson, J., 1953, 2662). A synthesis of S-(5’-deoxyadenosine- 
5’)-pL-methionine (I) described in this paper fully confirms the structure of this important 
nucleoside. 

The most satisfactory general method for the unequivocal synthesis of asymmetrically 
substituted sulphonium compounds involves reaction between a sulphide and an alkyl 
halide. Three routes may be envisaged for the synthesis of (I) according to this general 
method. The first would require the condensation of methionine with a derivative of a 
5’-deoxy-5’-halogenoadenosine. Adenosine derivatives of this type are not known and, 
by analogy with the corresponding toluene-p-sulphonyl compounds, would be very unstable, | 
readily rearranging to cyclonucleosides (Clark, Todd, and Zussman, J., 1951, 2952). On 
the other hand this route should be applicable to the inosine and uridine series, where 
cyclonucleoside formation has not been observed. Consequently, model experiments were 
carried out on 2’ : 3’-O-isopropylidene-5’-O-toluene-p-sulphonylinosine (Levene and Tipson, 
J. Biol. Chem., 1935, 111, 313) and 5’-deoxy-5’-iodo-2’ : 3’-O-isopropylideneuridine (idem, 
tbid., 1934, 106, 113). When these substances were treated with methionine under a 
variety of conditions they were usually recovered substantially unchanged and no evidence 
of sulphonium salt formation was obtained. 

A second, more promising, route involves the formation of S-(5'-deoxyadenosine-5’)- 
homocysteine and subsequent methylation of this with methyl iodide. This approach is 
still under investigation and will be discussed fully in a later paper. The third route 
envisages reaction between 5’-deoxy-5’-methylthioadenosine (‘‘ adenine thiomethyl pento- 
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side’) (IV) and a suitable derivative of an amino-halogeno-acid. 5’-Deoxy-5’-methyl- 
thioadenosine (IV) has been synthesised independently and almost simultaneously in three 
different laboratories (Baddiley, J., 1951, 1348; Satoh and Makino, Nature, 1951, 167, 238; 


‘a —_ H,-CH,-CH-NH, 
pp “a 
CH,°S'-CH,*CH,CH:CO,- 


(I) (II) 


Weygand and Trauth, Ber., 1951, 84, 633) but the method of synthesis was similar in each 
case and the overall yield was very low. This was probably due in part to the formation of a 
cyclonucleoside during the synthesis. During the course of the work described here the 
overall yield from 2’ : 3’-O-isopropylideneadenosine has been increased to about 40%. 
This was achieved by the modifications given in the Experimental section and in particular 
by the use of a sulphonic acid-type ion-exchange resin for the isolation of the final product. 
The good overall yield on this three-stage synthesis disposes of suggestions (Clark, Todd, and 
Zussman, loc. cit.; Tipson, Adv. Carbohydrate Chem., 1953, 8, 107) that it might be un- 
reliable as a proof of the structure of “ adenine thiomethyl pentoside.’”’ At the same time, 
it should be emphasised that the original structural proof (Baddiley, Joc. cit.) was quite 
independent of this synthesis. 


NH,,HBr 
Br-CH,*CH,*CH-CO,H 


(III) NH, (IV) 


An intermediate in the preparation of the methylthio-nucleoside is 2’ : 3’-O-csopro- 
pylidene-5’-O-toluene-p-sulphonyladenosine (V) which is obtained by the action of toiuene- 
p-sulphony] chloride on 2’ : 3’-O-tsopropylideneadenosine in pyridine. There appears to 
be some confusion about the nature of the products of this reaction (cf. Tipson, Joc. cit.). 
The ON-ditoluene-p-sulphonyl derivative is only formed in small amounts under the con- 
ditions described in this and earlier publications (Baddiley, Joc. cit.; Clark, Todd, and Zuss- 
man, Joc. cit.). The main product is the 5’-O-toluene-f-sulphonyl compound, which is rather 
unstable, readily yielding the cyclonucleoside on standing. However, it is clear that, in 
view of the good yield of 5’-deoxy-5’-methylthioadenosine which can be obtained from it, 
the mono-compound is sufficiently stable to be of value in synthetic work. 


we 
Ke ‘7 
| 


CH,:0-SO,-C,H,Me 


+ NH, ) 
(saesd-ctt, cl,-02i-00,H Br- 


(V) (VI) 


The required bromo-amino-acid, «-amino-y-bromobutyric acid hydrobromide (III), 
was prepared in excellent yield by heating together the hydrobromide of «-amino-y-butyro- 
lactone (II) (Livak, Britton, VanderWeele, and Murray, J. Amer. Chem. Soc., 1945, 67, 
2218) and hydrogen bromide in acetic acid. The structure of (III) was confirmed by its 
reaction with sodium ethyl sulphide in dimethylformamide, whereupon ethionine was 
obtained in 68% yield. pi-Methionine was prepared similarly from (III) and sodium 
methyl sulphide. The yield in this case was 60%. On hydrolysis in boiling water the 
bromo-acid gave «-amino-y-butyrolactone. The bromo-amino-acid was converted into 
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the readily crystallisable y-bromo-«-formamidobutyric acid by reaction with formic acid 
in the presence of acetic anhydride. The bromo-amino-acid and its N-formyl derivative 
evolved hydrogen bromide at the melting point : this reaction, characteristic for y-bromo- 
acids, presumably yielded the respective y-lactones. 

The suitability of «-amino~y-bromobutyric acid hydrobromide (III) for the preparation 
of sulphonium compounds was demonstrated by its reaction with dimethyl sulphide. 
Optimum conditions were not determined but it was shown that methionine methylsul- 
phonium bromide (VI) was produced, although in rather low yield. 

The choice of conditions for the conversion of the bromo-acid into “ active methionine ” 
is very limited in view of the great instability of the latter, particularly at elevated tem- 
peratures. Consequently, when the pL-bromo-compound (III) was allowed to react with 
5’-deoxy-5’-methylthioadenosine in a mixture of formic and acetic acids (cf. Toennies and 
Kolb, ibid., 1945, 67, 849) much unchanged nucleoside could be recovered, even after 
several weeks at room temperature. However, paper chromatography of the reaction 
mixture in butanol-acetic acid—water indicated that, in addition to considerable amounts of 
starting materials, a substance was present which did not move from the origin. This was 
eluted from the paper and shown to be indistinguishable from “ active methionine ”’ on 
paper chromatography and electrophoresis. It absorbed ultra-violet light at 260 my and 
gave positive periodate-Schiff and ninhydrin reactions (Baddiley, Cantoni, and Jamieson, 
loc. cit.). Furthermore, it was readily converted into 5’-deoxy-5’-methylthioadenosine by 
heating of its aqueous solution. A preliminary account of this synthesis has been pub- 
lished (Baddiley and Jamieson, Chem. and Ind., 1954, 375). 

Enzyme tests performed by Dr. G. L. Cantoni showed that the synthetic material 
possesses 40—50% of the activity of the natural substance, both in the methylation of 
nicotinamide (Cantoni, J. Biol. Chem., 1951, 189, 203) and in creatine synthesis. Since the 
a-amino-y-butyrolactone hydrobromide used in this synthesis was racemic, this represents a 
high order of biological activity. From the chemical and biological properties of both 
“active methionine ’’ and the synthetic product we conclude that “ active methionine ” 
is correctly represented by (I). 

Experiments on the preparation of L-«-amino-y-butyrolactone and its subsequent con- 
version into S-(5’-deoxyadenosine-5’)-L-methionine are in progress. 


EXPERIMENTAL 

5’-Deoxy-5'-methylthioadenosine (Adenine Thiomethyl Pentoside).—2’ : 3’-O-iso-Propylidene- 
adenosine (4-0 g., dried at 110°/0-1 mm. for 2 hr.) was dissolved in dry pyridine (100 c.c.) by 
gentle warming. The solution was cooled to —5° and toluene-p-sulphonyl chloride (2-75 g.) in 
dry benzene (10 c.c.) was added ina gentle stream. The bright yellow solution was kept at room 
temperature overnight and water (10 c.c.) was added. Solvent was removed in vacuo below 
45°. The residue was dissolved in chloroform and washed with ice-cold Nn-sulphuric acid, cold 
sodium hydrogen carbonate solution, and with water. The chloroform layer was dried (Na,SOQ,) 
and evaporated below 40° to a brittle resin. This was used in the subsequent reactions without 
delay. 

Methanethiol (dried over CaCl,) was passed into a solution of sodium (2-3 g.) in dry methanol 
(ca. 50 c.c.) until an increase of 5 g. was observed. A large volume of dry ether was added and 
the sodium salt was filtered off and dried in a desiccator over phosphoric oxide. 

The resinous toluene-p-sulphony] derivative was dissolved in freshly distilled dimethylform- 
amide (ca. 50 c.c.) and sodium methyl] sulphide (3-0 g.) (above) was added. The resulting solution 
was heated on a steam-bath for 2 hr., during which solid was deposited. A little water was 
added to the cooled mixture, and the product was extracted with 4 lots of chloroform. The 
combined dried chloroform extracts were evaporated in vacuo and the residue was dissolved 
in acetic acid (25c.c.). 0-2n-Sulphuric acid (25 c.c.) was added and the solution was kept at room 
temp. for 20 hr. Sulphuric acid was removed by adding the calculated amount of barium 
hydroxide solution. Barium sulphate was removed by centrifugation, and washed with water, 
and the combined supernatant liquid and washings were evaporated to dryness in vacuo. The 
residue was dissolved in water containing a little alcohol and passed through a column of Amber- 
lite [R-120 resin (H* form). After washing of the column with 20% alcohol the product was 
eluted with a large volume of ammonia (equal parts of water and ammonia of d 0-880). The 
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eluate was evaporated to small volume im vacuo and the crystalline nucleoside (1-8 g.) was fil- 
tered off. Recrystallised from water it had m. p. 207°, undepressed on mixing with an authentic 
sample of 5’-deoxy-5’-methylthioadenosine (Baddiley, Joc. cit.). 

DL-«-A mino-y-bromobutyric Acid Hydrobromide.—A mixture of a-amino~y-butyrolactone 
hydrobromide (2-0 g.) and acetic acid (20 c.c.) saturated with hydrogen bromide was heated in 
a sealed tube at 110° for 7 hr. with occasional rocking. The contents of the tube were evaporated 
to dryness in vacuo and the residue was recrystallised from acetic acid. The bromo-acid hydro- 
bromide (2-3 g.) formed elongated prisms, m. p. 163—166° with evolution of hydrogen bromide 
(Found: C, 18-9; H, 3-4; N, 5-3; Br, 60-1. C,H,O,NBr, requires C, 18-3; H, 3-4; N, 5-3; 
Br, 60-7%). 

DL-Ethionine.—To a solution of sodium (0:46 g., 4 mols.) in methanol (25 c.c.) was added 
ethanethiol (2 c.c.) in dimethylformamide (50 c.c.), and the solution was evaporated to small 
volume in vacuo. Dimethylformamide (25 c.c.) was added, followed by a solution of the above 
hydrobromide (1-3 g., 1 mol.) in dimethylformamide (20 c.c.), and the resulting solution was 
heated at 100° for 2 hr. Solvent was removed in vacuo and the residue was dissolved in water 
then passed through a column of Amberlite IR-120 resin (ammonium form) to remove sodium 
ions. After concentration, the eluate was passed through a column of Amberlite IR-4B resin 
to remove bromide ions and evaporated to dryness. The crystalline residue was washed with 
warm alcohol, then acetone. Ethionine (0-55 g., 68%) formed colourless plates from aqueous 
alcohol. A sample run on paper in butanol—acetic acid—water (4 : 1 : 5) was homogeneous when 
examined by the ninhydrin spray and also by the spray for sulphides (Winegard, Toennies, and 
Block, Science, 1948, 108, 506). It had R, 0-53 and was indistinguishable from authentic 
ethionine (Found: C, 44:0; H, 7-8; N, 8-9; S, 20-1. Calc. for C,H,,0,NS: C, 44:1; H, 8-0; 
N, 8-6; S, 19:7%). 

pDL-Methionine.—Dry, gaseous methanethiol (Arndt, Ber., 1921, 54, 2238) was passed into a 
solution of sodium (0-46 g., 4 mols.) in methanol (25 c.c.) until an increase of 0-96 g. was ob- 
tained. Dimethylformamide (50 c.c.) was added and the solution was evaporated to small 
volume in vacuo. A further quantity (50 c.c.) of dimethylformamide was added, followed by a 
solution of «-amino-y-bromobutyric acid hydrobromide (1-3 g., 1 mol.) in dimethylformamide 
(20c.c.). The resulting solution was heated at 100° for 2 hr., then the product was isolated in a 
manner similar to that described for the ethionine synthesis. Methionine (0-43 g., 56%) was 
obtained as colourless plates from aqueous alcohol. A sample, when run on paper in butanol-— 
acetic acid—water (4: 1 : 5), was homogeneous with respect to the ninhydrin and sulphide spray 
reagents. It had R, 0-55, identical with that of authentic methionine (Found: C, 39-8; H, 
7-4; N, 9-4. Calc. for C;H,,0O,NS: C, 40:0; H, 7-4; N, 9-4%). 

DL~y-Bromo-a-formamidobutyric Acid.—The above bromo-acid hydrobromide (5 g.) was 
dissolved in a mixture of formic acid (100 c.c.) and acetic acid (10 c.c.). Anhydrous sodium 
acetate (1-56 g.) was added, followed by acetic anhydride (15 c.c.), and the resulting solution was 
set aside at room temperature overnight. Solvent was removed by evaporation in vacuo and 
the crystalline residue was triturated with a little water. DL~y-Bromo-a-formamidobutyric acid 
(3-75 g., 94%) had m.p. 142—143° after recrystallisation from alcohol. It had R, 0-61 in butanol- 
acetic acid—water (4: 1:5) (Found: C, 28:6; H, 3-6; N, 6-7; Br, 38-3. Cs;H,O,NBr requires 
C, 28-6; H, 3-8; N, 6-7; Br, 38-1%). 

Hydrolysis of Di-a-Amino-y-bromobutyric Acid.—A sample of the hydrobromide (112 mg.) 
was heated in water (2 c.c.) under reflux for 30 min. The solution was evaporated to small 
volume in vacuo and then evaporated to dryness over sodium hydroxide in a desiccator. White 
prisms of DL-«-amino-y-butyrolactone hydrobromide (63 mg., 81%) were obtained, having m. p. 
218—221°. The authentic pL-amino-lactone hydrobromide has m. p. 216—222°. 

Methionine Methylsulphonium Bromide.—To a solution of «-amino-y-bromobutyric acid 
hydrobromide (430 mg.) in formic acid (6 c.c.) and acetic acid (2 c.c.) was added dimethyl sulphide 
(450 mg., 4 mols.). The solution was set aside at room temperature overnight and solvent was 
evaporated in vacuo. A sample of the crystalline residue was examined by paper chromato- 
graphy. In butanol—acetic acid—water a spot, J, 0-1, was observed which was indistinguishable 
from that given by authentic methionine methylsulphonium iodide (Toennies and Kolb, Joc. 
cit.). Both substances had R, 0-41 in -propanol-ammonia—water (6: 3:1). On paper electro- 
phoresis the sulphonium compound migrated towards the cathode at 0-7 cm. hr.1/v cm.}. 
However, the substance which had been synthesised from the bromo-acid was contaminated with 
a relatively large amount of starting material or its decomposition products. The yield of 
sulphonium compound was determined by precipitation as its phosphotungstate (Lavine and 
Floyd, J. Biol. Chem., 1954, 207, 97). The above residue (115 mg.) was dissolved in 30% 
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aqueous alcohol (1-5 c.c.) and to this was added a 25% aqueous solution of phosphotungstic acid 
(1 c.c.). The precipitate was centrifuged, suspended in alcohol, and re-centrifuged. The 
phosphotungstate (10 mg.) was dried over phosphoric oxide for 1-5 hr. at 80°/0-2 mm. Meth- 
ionine methylsulphonium iodide (98 mg.), when treated similarly, gave 163 mg. of phosphotung- 
state. 

S-(5’-Deoxyadenosine-5’)-DL-methionine.—To a solution of 5’-deoxy-5’-methylthioadenosine 
(100 mg.) in formic acid (1-5 c.c.) and acetic acid (0-5 c.c.) was added DL-a-amino~y-bromobutyric 
acid hydrobromide (104 mg.). The resulting solution was set aside at room temperature in the dark 
for 5days. Solvent was removed in vacuo at room temperature and the crystalline residue was 
dissolved in a little water and then applied to several paper chromatograms (Whatman No. 3) 
as a band at the origin. The chromatograms were developed in butanol—acetic acid—water 
(4: 1: 5) and the sulphonium compound remained at the origin. The yield (ca. 2%) was deter- 
mined by eluting a known area of the ultra-violet-absorbing band at the origin and measuring 
the absorption at 260 my. The band gave ninhydrin and periodate-Schiff reactions, typical 
for ‘‘ active methionine ’’ (Baddiley, Cantoni, and Jamieson, /oc. cit.). 

A portion of the aqueous eluate was heated in a sealed tube at 120° for 15 min. and then 
evaporated to dryness in a desiccator. The residue was indistinguishable from authentic 5’- 
deoxy-5’-methylthioadenosine, R, 0-71, when examined by paper chromatography in butanol— 
acetic acid—water (4: 1:5). When examined by paper electrophoresis in the apparatus of 
Markham and Smith (Nature, 1951, 168, 406) at pH 7 the rates of progression (cm. hr.“!/v cm.~) 
towards the cathode were “‘ active methionine ” 0-45, S-(5’-deoxyadenosine-5’)-pL-methionine 
0-43, and 5’-deoxy-5’-methylthioadenosine 0-25. 

Enzymic Methylation (based on data supplied by Dr. G. L. Cantoni).—The synthetic sul- 
phonium compounds were eluted from fresh chromatograms and the amount of material in the 
eluate was determined by ultra-violet spectroscopy. Creatine synthesis was measured by the 
method of Cantoni and Vignos (J. Biol. Chem., in the press). 


pmol. Creatine formed (umol.) Utilisation (%) 


“© ACV SCENES sii ixanasdecsrcsnavyc css 0-634 0-644 100 
0-317 0-336 100 


Synthetic (I) from DL-bromo-acid 0-427 0-182 42-6 
0-213 0-106 49-5 
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Some Conformational Aspects of Neighbouring-group Participation. 
By G. H. Att and D. H. R. Barton. 
[Reprint Order No. 5556.] 


The addition of chlorine or bromine to cyclohexene systems affords, as 
main product, the diaxial dihalide. This generalisation is illustrated by the 
addition reactions of cholest-2- and -3-ene as well as by material already 
published. 

Phenomena due to neighbouring-group participation have been studied 
with diequatorial and diaxial bromo- and chloro-hydrins based on cholest-2- 
ene. Only the diaxial halogenohydrins show neighbouring-group particip- 
ation. With diaxial bromohydrins there is clear evidence of participation 
with all reagents studied. With the chlorohydrins participation depends not 
only on the geometry of the system but also on the reagent. The results 
demonstrate that halogenohydrin replacement reactions proceed with maxi- 
mum ease when the centres of importance in the reaction are coplanar. 

Corresponding pairs of 2 : 3-dihalogenocholestanes are isomorphous. 


BEFORE proceeding to the main substance of this paper it is imperative to discuss the 
stereochemical course of halogen addition to cyclohexenes, in particular addition to cholest- 
2-ene (I). Addition of bromine to the 11: 12-ethylenic linkage of certain bile acid 
derivatives affords mainly the 118 : 12-dibromide (Turner, Mattox, Engel, McKenzie, 
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and Kendall, J. Biol. Chem., 1946, 166 345). Addition of either chlorine or bromine to 
the 5: 6-ethylenic linkage of cholesterol and its congeners gives the 5« : 66-dihalides 
(Barton and Miller J. Amer. Chem. Soc., 1950, 72, 370, 1066) as sole isolated products. 
It seemed to us, ab origine, that in each of these cases the addition afforded mainly the 
diaxial dihalide and that preferential diaxial addition of halogen to cyclohexene systems 
might be a general rule. The addition reactions studied in the present work are 
summarised in Table 1 and support this proposal. 

The configurations assigned are based on the generally accepted principle that addition 
of halogen is of trans-ionic type and on the following considerations. Addition of bromine 
to cholest-2-ene (I), which may be represented by partial symbol (II) *, gave mainly the 
known dibromide, m. p. 123—124°, which was regarded by Barton and Rosenfelder 


(a) Br H (e) 


Br (a) (III) 


(a) i Br (e) 
—Ct—C— 
(IV) () Br H (a) 


(J., 1951, 1048) as the (diaxial) 28 : 3«-derivative (III). This configuration is confirmed 
by the fact that on melting the compound rearranges to a more stable (diequatorial) 
dibromide (IV), m. p. 144—145° (Hattori and Kawasaki, J. Pharm. Soc. Japan, 1937, 57, 
115, 588). On debromination with zinc the latter compound afforded cholest-2-ene. The 
mechanism of this rearrangement must be comparable to that, (V), established by Grob 
and Winstein (Helv. Chim. Acta, 1952, 35, 782) for the rearrangement of the 5a : 68-di- 
bromide of cholest-5-ene to the 58 : 6a-dibromide (Barton and Miller, Joc. cit.). If the 
starting dibromide is one (the diaxial 28 : 3x) of the pair of trans-dibromides from cholest-2- 
ene, the other (diequatorial, 2« : 3$-)tvans-dibromide must be formed in the above 
rearrangement. In agreement the rearranged dibromide is the minor product of the 
(trans-)addition of bromine to cholest-2-ene. The relative rates of debromination of the 
two dibromides (see Table 2) provide strong support for these configurations on the basis 
of the now generally accepted interplay of conformation and configuration (see Barton, 
Experientia, 1950, 6, 316; Barton and Rosenfelder, loc. cit.; Barton, J., 1953, 1027). 


TABLE l. 


Yields (adjusted to add 


Addition of Halogen up to 100%) * Ratio, 
halogen to added Solvent Diaxial Diequatorial diaxial : diequatorial 


Cholest-2-ene , CCl, 
CCl, 
AcOH-Et,O 


Cholest-3-ene CCl, 
* The actual total yields in these four experiments were 76, 84, 77, and 81% respectively. 


The addition of bromine to cholest-3-ene gave (see Table 1) mainly a dibromide, m. p. 
124— 126°, which had already been prepared in the same way by Barton and Rosenfelder 
(loc. cit.).t This must be the diaxial 3« : 48-dibromide for when heated it rearranged to 


* Such partial symbols represent a broadside view in the main plane of the steroid nucleus from 
outside the molecule and perpendicular to the bond (here C,-C,) under consideration. 

+ Barton and Rosenfelder (Joc. cit.) tentatively regarded this compound as the (diequatorial) 38 : 4«- 
dibromide because of its slow debromination relative to (diaxial) 28: 3a- and 11f : 12a-dibromides. 
Their observation is correct but the inference drawn must be qualified now that both (trans-)3: 4-di- 
bromides of cholest-3-ene are available. The sluggish debromination (see Table 2) of 3a: 48- relative 
to 28 : 3a-dibromocholestane is in agreement with the fact that it is harder (in a trans-a/B system) to 
enolise a Cis)-ketone towards Cy) than towards Cy). 
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a second dibromide (which was the minor product of the addition reaction), m. p. 171— 
173°. This must be the more stable (diequatorial) 38: 4«-dibromide. It gave back 
cholest-3-ene on debromination with zinc dust. The relative rates of debromination 
(see Table 2) of the two dibromides confirmed the assigned configurations. 

The addition of chlorine to cholest-2-ene in carbon tetrachloride afforded two 
dichlorides, (mé uin product) m. p. 108—112°, [a]p +63°, and (minor product) m. p. 150— 
152°, [«]p —7°. These are assigned the 28 : 3«- and the 2a: 38-configuration respectively 
for the following reasons. (i) The rotations correspond to those recorded for the 28 : 3a- 
and 2«:38-dibromide. (ii) We find it a rule that pairs of diaxial dichlorides and 
dibromides (for example, those based on cholesterol) are isomorphous and give no m. p. 
depression and the same would be expected to hold for the diequatorial compounds. Thus 
28 : 3a-dichloro- and -dibromo-cholestane give no depression, nor do the 2« : 38-dichloro- 
and -dibromo- compounds. But all possible combinations of the 28: 3a- and 2a : 38- 
derivatives give marked depressions. (iii) The 28 : 3a(diaxial)-dichloride is readily 
dechlorinated by zinc to give the parent hydrocarbon. The 2a : 38(diequatorial)- 
compound does not lose halogen nearly so readily, although it also affords cholest-2-ene. 

During these studies the interesting observation was made that addition of the 
halogen in a solvent containing acetic acid, with or without sodium acetate, gave as 
main product the diaxially substituted 3«-chlorocholestan-28-yl acetate together with 
approximately equal amounts of the two (trans-)dichlorides. The constitution of the 
acetate is established by its conversion into 28 : 38-epoxycholestane with alkali and by 
its preparation from authentic 32- chlorocholestan-23-ol (see below) by acetylation. 
A comparable phenomenon was not observed in bromine addition. The addition of the 
chlorine was notably less stereospecific (see Table 1) than that of bromine. 

If one regards halogen addition as proceeding through a three-membered intermediate 
(for example, as in (VI); see de la Mare, Ann. Reports, 1950, 47, 126; Ingold, “‘ Structure 
and Mechanism in Organic Chemistry,”’ Cornell Univ. Press, Ithaca, 1953, pp. 658 e¢ seq.], 
then diaxial halogen addition would be expected since the intermediate resembles, at least 


TABLE 2. Rates of debromination of dibromides.* 


Dibromo-cholestane Molarity ee reacted 
5 Sex EDO) wisticccinhe 0-00572 7 (3 days), 14 (10 days), 43 (25 days), 7 
: 3B- (at : 0-00495 0 (3 days), ( (s 9 day s) 
> 4B- FT (é iaesteauepaneisece. (Sen 10 (2 days), = (4 days), 91 (14 days) 
: 4a- tf PF cca neeniaawawes’ 0-00557 0 (2 days), 0 4 days), 1 (14 days) 


* The rates of debromination were measured as described by Barton and Rosenfelder (loc. cit.). 
7 2% debromination after 28 days at 20°. { 0:0% debromination after 28 days at 20°. 


77 (59 days) 


geometrically, an ethylene oxide. Diaxial opening of the latter is well established (Fiirst 
and Plattner, Abs. Papers, p. 409, 12th Internat. Congr. Pure Appl. Chem., New York, 
1951; see Barton, oc. cit., and further below). 

The elegant investigations by Winstein and his colleagues (series of papers in the 
J. Amer. Chem. Soc., on ““ The Role of Neighbouring Groups in Replacement Reactions ’’) 
on the stereochemical course of (inter alia) the replacement reactions of halogenohydrins 
have not hitherto been considered from the conformational point of view. It appears, 
however, to be generally understood (cf. Winstein and Heck, 7bid., 1952, 74, 5584, and 
references there cited) that the geometrical requirement for maximum ease of neighbouring- 
group participation is that the centres of importance in the reaction should be as near 
coplanarity as possible. We are now able to provide experimental support for this 
hypothesis. 

If the participation of the neighbouring halogen atom (X) be represented as in 
(VII) —» (VIII) —» (IX), then the geometrical condition for maximum participation 
will be that Ca, C8, the O of OH and X should be coplanar. In cyclohexane derivatives it 
is now well appreciated that this condition is satisfied if X and OH are both axial, but not 
if X and OH are both equatorial or if X and OH are severally axial and equatorial. The 
first two arrangements correspond to trans-1 : 2-disubstituted cyclohexanes, the last two to 
cis-compounds, 
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Table 3 summarises a number of experiments carried out on pairs of diaxial and 
diequatorial chloro- and bromo-hydrins based on cholest-2-ene. We discuss first the 
replacement reactions of the bromohydrins. In every case the replacement reaction 
proceeds smoothly with the diaxial bromohydrin, but takes a different course with the 


x 
Se) ae 
Fi 
(VII) OH (VIII 

diequatorial compound. In addition to the results summarised in Table 3 we have also 
shown (see Experimental section) that 28-bromocholestan-3«-ol is smoothly converted 
into the diaxial 28 : 3«-dibromide with phosphorus pentabromide, and that the diequatorial 
2a-bromocholestan-3-ol is recovered unchanged. More vigorous treatment than that 
outlined in Table 3 of 28-bromocholestan-3«-ol with hydrobromic-acetic acid afforded 
the 2 : 38-dibromide by rearrangement of the 28 : 3«-compound initially formed. Under 
the same vigorous conditions 2«-bromocholestan-38-ol was still only converted into its 
acetate. 

With the chlorohydrins it was clearly established by the products of reaction that 
participation was determined, not only by the geometry of the system, but also by the 
substituting reagent. Thus the diaxial 28-chlorocholestan-3«-ol underwent smoothly 
replacement of hydroxyl by chlorine in reaction with phosphorus pentachloride, whilst 
the diequatorial 2a-chlorocholestan-3$-o0l gave a complex mixture. Both chlorohydrins 
gave only the corresponding acetates on treatment with hydrobromic-acetic acid. 

Corresponding observations (see Table 3) were made with the diaxial 3a-bromo- 
and 3a-chloro-cholestan-28-ol. The bromohydrin exhibited smooth neighbouring-group 
participation with all reagents, whereas the chlorohydrin exhibited participation with 
phosphorus pentachloride but not with hydrobromic acid. The different behaviour of 
chloro- and bromo-hydrins is not unexpected (cf. Winstein and Grunwald, 7bid., 1948, 
70, 828, and references cited there). 

The discussion based on Table 3 assigns configurations to numerous 2 : 3-disubstituted 
cholestanes, and these assignments must now be justified. The 28-bromo- and 28-chloro- 
cholestan-3a-ols were prepared by opening 2« : 3x-epoxycholestane (X) with the appropriate 
halogen acid (HX). The diaxial opening rule predicts the course of this reaction (to give XI). 
In confirmation, chromic acid oxidation of 28-chlorocholestan-3«-ol gave 28-chlorocholestan- 
3-one, which was smoothly reduced by zinc dust to cholestan-3-one. Similar oxidation of 
28-bromocholestan-3«-ol afforded 28-bromocholestan-3-one; this was not obtained in a 
satisfactorily crystalline state, but it rearranged smoothly on filtration over alumina to the 
well-known 2«-bromocholestan-3-one (see Fieser and Huang, 7bid., 1953, 75, 4837; Corey, 
ibid., p. 4833; and references cited there). Corresponding opening of 28 : 38-epoxy- 
cholestane (XII) with halogen acid (HX) gave halogenohydrins predicted by the diaxial 


H (e) 
a 


e 
¢ (a) 


(XII) (XITT) 


opening rule to have constitution (XIII). In agreement, chromic acid oxidation of 3a- 
chloro- and 3-bromo-cholestan-28-ol gave, respectively, 3a-chloro- and 3-bromo- 
cholestan-2-one. Both these ketones showed the expected normal carbonyl bands at 
1714 and 1715 cm.~! respectively. Cholestan-2-one itself absorbed at 1712 cm.7}. 
Reduction of both halogeno-ketones by zinc dust furnished cholestan-2-one. 

The configurations of 2a-bromo- and 2«-chloro-cholestan-38-ol have already been 
established (Fieser and Huang, J. Amer. Chem. Soc., loc. cit.; Corey, loc. cit.; Beereboom, 
Djerassi, Ginsburg, and Fieser, ibid., p. 3500). The configurations of the dichlorides and 
dibromides produced have also been established (see above). There remains for consider- 
ation a justification of the configurations assigned to the four mixed chloro-bromides. 
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These are based on the established configurations of the precursors, on the well-accepted 
principle of Winstein e¢ al. (loc. cit.) that participation is only possible with ¢rans-oriented 
substituents and must necessarily afford trans-products, on the magnitudes of the rotations 
and on the isomorphism of the compounds with respect to the dichlorides and dibromides 
of corresponding configurations. Thus the diaxial chloro-bromides gave no m. p. depression 
with either 28 : 3a-dichloro- or -dibromo-cholestane, but gave a depression with the 
diequatorial analogues. Corresponding observations were made with the diequatorial 
chloro-bromides. In agreement also, thermal rearrangement of 28-bromo-3«-chlorocholestane 


(a) Br He) 
—C—_C— 


2 
2 


(XIV) ()H cl (e) Cl H (a) (XV) 
(a) g He) cl + (a)H Cle) 
L Flite i 
—C-—C— yams —C— CG 


Ps 
(XVI) (e)H Br (a) ar (e) Br H (a) (XVII) 


(XIV) gave the more stable diequatorial 2«-chloro-38-bromocholestane (XV), whilst 
similar treatment of the diaxial 28-chloro-3«-bromocholestane (XVI) afforded the more 
stable 2«-bromo-38-chlorocholestane (XVII). The appropriate model experiments were, 


TABLE 4. Contribution of the halogen atoms to [M]p.* 


2: 3-Dihalides. 5 : 6-Dihalides. 
28 : 3a-Dibromocholestane .................. +311° 5a: 68-Dibromocholestane ................4. 
28 : 3a-Dichlorocholestane .................. +168 5a: 68-Dichlorocholestane 
28-Bromo-3«-chlorocholestane ................ +234 5a-Bromo-68-chlorocholestan-38-yl 
28-Chloro-3«-bromocholestane............. +210 WONG Gir. ad cedtincsadnheecans tna eed 
2a: 38-Dibromocholestane ...............0.. —245 
2a: 38-Dichlorocholestane .................. —120 
2a-Bromo-3f-chlorocholestane ............... —174 
2a-Chloro-38-bromocholestane ............... —169 


* Based on cholestane or the appropriate cholestane derivative as reference compound. 


of course, carried out to show that such rearrangements were not complicating the course 
of the replacement reactions summarised in Table 3. 

Mention has several times been made in the above discussion of a similarity in rotation 
of dihalides of similar configuration. The evidence justifying this assertion is set out briefly 
in Table 4. 


EXPERIMENTAL 


For general experimental details see /J., 1952, 2339. Rotations were determined in 
chloroform solution at room temperature. The light petroleum used had b. p. 40—60°. The 
alumina for chromatography was Spence’s Grade H; solutions for chromatography were 
prepared in light petroleum. 

Cholest-2-ene.—The following procedure is superior to that of First and Plattner (Helv. 
Chim. Acta, 1949, 82, 279) and avoids purification via the dibromide. 2«-Bromocholestan- 
3-one (Butenandt and Wolff, Ber., 1935, 68, 2091) (9 g.) was treated with sodium borohydride 
(900 mg.) in absolute ethanol (see Fieser and Huang, J. Amer. Chem. Soc., 1953, 75, 4837) at 
room temperature for 24 hr., during which the ketone slowly dissolved. The total product, in 
“ AnalaR ”’ acetic acid (150 ml.), was refluxed with zinc dust (10 g.; added portionwise) for 
1 hr. (cf. Fieser and Dominguez, ibid., p. 1704). Filtration through alumina (160 g.) in light 
petroleum and crystallisation from ethyl acetate-methanol then gave pure cholest-2-ene (4-2 g.) 
as needles, m. p. 74—75°, [a]p +66° (c, 1-65). 

Bromination of Cholest-2-ene.-—(a) In 1:1 ether—acetic acid. Cholest-2-ene (370 mg.) in 
1:1 dry ether—‘ AnalaR”’ acetic acid (25 ml.) was titrated with a solution of bromine in 
“ AnalaR ”’ acetic acid (40 mg. per ml.). The uptake during 2 hr. at room temperature was 
equivalent to 1:13 mols. of bromine. The total product was chromatographed over alumina 
(16 g.). Elution with light petroleum (150 ml.) gave 28 : 3a-dibromocholestane (370 mg., 70%) 

7A 
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as plates (from ethyl acetate-methanol), m. p. 123—124°, [«]p +76° (c, 2-17). Further elution 
with 9:1 and 5: 1 light petroleum—benzene (100 and 50 ml. respectively) afforded 2« : 3B-di- 
bromocholestane (37 mg., 7%) as needles (from ethyl acetate—-methanol), m. p. 144—145°, 
[a]p —30° (c, 1-69), undepressed in m. p. on admixture with the authentic material described 
below. To show that the 28 : 3«-dibromide did not isomerise to the 2« : 38-compound during 
the working up, the 2 : 3a-dibromide (190 mg.) was subjected to the same treatment as in the 
working up of the total bromination product. Chromatography over alumina gave the 28 : 3a- 
dibromide {m. p. 123—124°, [a]p + 76° (c, 2-46)} and no trace of the epimeric dibromide. 

(b) In carbon tetrachloride. Cholest-2-ene (185 mg.) in carbon tetrachloride (2 ml.) was 
titrated with a solution of bromine in the same solvent (40 mg. per ml.) at room temperature. 
The uptake (during 1 hr.) was equivalent to 1-10 mols. of bromine. The total product was 
chromatographed over alumina (7 g.)._ Elution with light petroleum gave the 28 : 3a-dibromide 
(195 mg., 74%), m. p. 122—124°, [a]p +77° (c, 2-44), whilst elution with 9: 1 light petroleum— 
benzene afforded the 2« : 38-dibromide (26 mg., 10%), m. p. 144—145°, [a]) —29° (c, 1-82). 

2« : 38-Dibromocholestane (cf. Hattori and Kawasaki, J. Pharm. Soc. Japan, 1937, 57, 115, 
588).—28 : 3x-Dibromocholestane (500 mg.) was heated in nitrogen at 185° for 20 min. The 
product, crystallised twice from ethyl acetate-methanol, was pure 2« : 38-dibromide (400 mg.), 
m. p. 144—145° (needles), [x], —29° (c, 1-32). This dibromide (140 mg.) in “‘ AnalaR ”’ acetic 
acid (15 ml.) was heated for 1 hr. on the steam-bath with zinc dust (1 g.; added portionwise) 
to give cholest-2-ene (68 mg., 70%), m. p. 74—75° (from ethyl acetate-methanol), [«], + 67° 
(c, 1:59), undepressed in m. p. on admixture with authentic cholest-2-ene (see above). 

Chlorination of Cholest-2-ene.—(a) In carbon tetrachloride. Cholest-2-ene (370 mg.) in carbon 
tetrachloride (10 ml.) was titrated with a solution of chlorine in the same solvent (36 mg. 
per ml.). Approx. 1-10 mols. of chlorine were rapidly consunied (20 min.) at room temperature. 
The total product was chromatographed over alumina (14 g.). Elution with light petroleum 
(100 ml.) gave 28: 3a-dicklorocholestane (240 mg., 55%), fine needles (from ethyl acetate— 
methanol), m. p. 108—112°, [a], +63° (c, 1:90) (Found: C, 73-25; H, 10-85; Cl, 15-7. 
C,,H,,Cl, requires C, 73-45; H, 10-5; Cl, 16-05%). The physical constants were unchanged on 
repeated recrystallisation and on further chromatography. Further elution with light 
petroleum (150 ml.) afforded 2« : 38-dichlorocholestane (91 mg., 21%), prismatic needles (from 
chloroform—methanol), m. p. 150—152°, [a]p —7° (c, 1:76) (Found: C, 73-4; H, 10-6; Cl, 16-3. 
C,,H,,Cl, requires C, 73-45; H, 10-5; Cl, 16-05%). 

(b) In the presence of acetic acid. Cholest-2-ene (185 mg.) in 1: 3 carbon tetrachloride— 
“ AnalaR ”’ acetic acid (5 ml.) was titrated with a solution of chlorine in carbon tetrachloride 
(36 mg. per ml.) at room temperature. Approx. 1-5 mols. of chlorine were rapidly (20 min.) 
consumed. ‘The total product was chromatographed over alumina (7 g.). Elution with light 
petroleum (55 ml.) gave 28 : 3«-dichlorocholestane (22 mg., 10%), m. p. and mixed m. p. 108— 
112°, [x]) +63° (c, 1-92). Further elution with light petroleum (100 ml.) furnished 2« : 38- 
dichlorocholestane (22 mg., 10%), m. p. and mixed m. p. 150—152°, [«]) —6° (c, 2:00). Elution 
with 4: 1 light petroleum—benzene (125 ml.) afforded 3«-chlorocholestan-28-yl acetate (130 mg., 
56%), blades (from chloroform—methanol), m. p. 124—126°, [a]p) +63° (c, 2-16) (Found: C, 
74-85; H, 11-05; Cl, 7-75. C,.gH,,O,Cl requires C, 74:9; H, 10-6; Cl, 7-6%). There was a 
marked depression in m. p. on admixture with 28-chlorocholestan-3«-yl acetate (see below), but 
no depression on admixture with the acetate of 3a-chlorocholestan-28-ol (see below) of 
established constitution. 

(c) In the presence of sodium acetate. Cholest-2-ene (185 mg.) in carbon tetrachloride (2 ml.) 
and ‘“‘ AnalaR ’’ acetic acid (5 ml.) containing sodium acetate (200 mg.) was titrated at room 
temperature with a solution of chlorine in carbon tetrachloride (30 mg. per ml.). Approx. 
1-25 mols. of chlorine were rapidly (20 min.) consumed. The total product was 
chromatographed over alumina (7 g.) as detailed under (b), to give 28 : 3x-dichlorocholestane 


5 

(26 mg., 12%), m. p. and mixed m. p. 108—112°, [«]p +61° (c, 1:27), 2« : 38-dichlorocholestane 
(20 mg., 9%), m. p. and mixed m. p. 150—152°, [«]) —6° (c, 1-06), and 2«-chlorocholestan-28-yl 
acetate (130 mg., 56%), m. p. and mixed m. p. 124—126°, [a]) + 63° (c, 2-10). 

2a : 38-Dichlorocholestane (40 mg.) in ‘‘ AnalaR”’ acetic acid (5 ml.) was heated under 
reflux with zinc dust (200 mg.; added portionwise) during 1} hr. Crystallisation of the product 
from ethyl acetate—methanol gave cholest-2-ene (22 mg.), m. p. and mixed m. p. 74—75°, 
falp +64° (c, 1-50) 

28 : 3«-Dichlorocholestane (100 mg.) in ‘‘ AnalaR ”’ acetic acid (10 ml.) was treated with zinc 
dust (1-0 g.; added portionwise) on the steam-bath for 90 min. Crystallisation of the product 
from ethyl acetate-methanol gave cholest-2-ene (70 mg.; Beilstein test negative), identified 
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by m. p., mixed m. p., rotation {[«]) -+-65° (c, 2-05)}, and crystal form. In a comparable 
experiment 2a : 38-dichlorocholestane (50 mg.) was recovered unchanged (45 mg.) and identified 
by m. p., mixed m. p., rotation {[«]) —7° (c, 2-48)}, and crystal form. 

3a-Chlorocholestan-28-yl acetate (50 mg.) was heated at 55—60° for 1 hr. with isopropanolic 
potassium hydroxide (4%; 7 ml.). Crystallisation of the product from ether—-methanol gave 
28 : 38-epoxycholestane, m. p. and mixed m. p. (see below) 89—91°, [«]p + 55° (c, 1-88). 

28-Bromocholestan-3«-0l.—2a : 3a-Epoxycholestane (500 mg.), m. p. 103—105°, [a]) +37° 
(c, 2-14), prepared according to Fiirst and Plattner (Helv. Chim. Acta, 1949, 32, 279), in 
chloroform (30 ml.) was shaken with aqueous hydrobromic acid (50%; 10 ml.) for 7 min. 
(cf. Barton and Miller, J. Amer. Chem. Soc., 1950, 72, 1066). Washing with dilute sodium 
sulphite solution and with water and evaporation in vacuo afforded 28-bromocholestan-3«-ol 
(from ether—methanol), m. p. 115—118°, [a], +44° (c, 1-49) (Found: C, 69-7; H, 9-95; Br, 
17:2. C,,H,,OBr requires C, 69-35; H, 10-0; Br, 17-1%). Treatment of this bromohydrin 
with pyridine and acetic anhydride (excess) overnight at room temperature gave 28-bromo- 
cholestan-3a-yl acetate, blades (from acetone—methanol), m. p. 120—122°, [a]) +71° (c, 2-13) 
(Found: C, 68-45; H, 9-8; Br, 16-0. C,,H,,O,Br requires C, 68-35; H, 9-7; Br, 15-7%). 

28-Bromocholestan-3«-ol (132 mg.) in ‘‘ AnalaR”’ acetic acid (12 ml.) was treated with 
chromium trioxide (23 mg.) in the minimum of water at room temperature overnight. The 
product, precipitated from methanol by addition of water, had m. p. 104—106°, [«], +110° 
(c, 1:05). The high positive rotation (see the corresponding chloro-ketone) shows that this was 
the 26-bromo-compound, but it could not be recrystallised satisfactorily. Filtration in benzene 
through alumina (3 g.) and crystallisation from acetone—methanol gave 2«-bromocholestan-3- 
one, identified by m. p., mixed m. p. and rotation {[«]p +42° (c, 2-12)}. 

Reactions of 28-Bromocholestan-3«-0l.—(a) With hydrobromic acid. 28-Bromocholestan-3«-ol 
(100 mg.) in chloroform (2 ml.) was treated with 50% hydrobromic acid in acetic acid (3 ml.) at 
room temperature for 4 days. The total product was filtered through alumina (3 g.) in light 
petroleum solution, to give 28 : 2«-dibromocholestane (74 mg., 65%), m. p. and mixed m. p. 
122—124°, [a]p +76° (c, 1-37). 

Similarly 28-bromocholestan-3«-ol (100 mg.) in chloroform (1 ml.) was heated with the same 
reagent (3 ml.) in a sealed tube at 100° for 4 hr. Worked up in the same way, the product was 
identified as 2~ : 38-dibromocholestane (79 mg., 70%), m. p. and mixed m. p. 143—145°, [a]p 
— 29° (c, 2-03). 

(b) With phosphorus pentabromide. 28-Bromocholestan-3«-ol (200 mg.) in dry ‘“‘ AnalaR ”’ 
benzene (20 ml.) was refluxed with phosphorus pentabromide (200 mg.) for l hr. After addition 
of water (10 ml.) the mixture was refluxed for a further 15 min., and the benzene layer separated, 
washed with water, and evaporated in vacuo. The total product was chromatographed over 
alumina (7 g.), to give 28 : 3a-dibromocholestane (156 mg., 68%), m. p. and mixed m. p. 122— 
124°, [a]p +76° (c, 2-07). 

(c) With phosphorus pentachloride. 28-Bromocholestan-3«-ol (200 mg.) in dry ‘‘ AnalaR”’ 
benzene (20 ml.) was refluxed with phosphorus pentachloride (200 mg.) for 30 min. Worked 
up as described under (b) above, the product was then chromatographed over alumina (7 g.). 
Elution with light petroleum (100 ml.) gave 28-bvomo-3«-chlorocholestane (142 mg., 68%), plates 
(from ethyl acetate—-methanol), m. p. 130—132°, [a] +66° (c, 2:90) (Found: C, 67:1; H, 9-6; 
Cl + Br, 23-55. C,,H,,ClBr requires C, 66-75; H, 9:55; Cl + Br, 23-75%). Further elution 
with light petroleum (100 ml.) afforded 38-bromo-2«-chlorocholestane (42 mg., 20%) (see below), 
m. p. and mixed m. p. 150—152°, [a], —16° (c, 2-01). 

(d) With thionyl chloride. 28-Bromocholestan-3«-ol (200 mg.) in pure thionyl chloride 
(1 ml.) was left at room temperature for 24 hr. The excess of thionyl chloride was removed 
in vacuo and the product chromatographed over alumina (10 g.). Elution with light petroleum 
(60 ml.) furnished 28-bromo-3«-chlorocholestane (125 mg., 60%), m. p. and mixed m. p. 130— 
132°, [a]p +67° (c, 2-90). Further elution with light petroleum (80 ml.) gave 3$-bromo-2a- 
chlorocholestane (47 mg., 22%) (see below), m. p. and mixed m. p. 149—151°, [a]p —15° 
(c, 1-34). 

Separate quantities of 28-bromo-3«-chlorocholestane (100 mg.) were treated with phosphorus 
pentachloride and with thionyl chloride as detailed under (c) and (d). In both cases an almost 
quantitative yield of starting material was recovered, identified by m. p., mixed m. p., rotation, 
and crystal form. No trace of 38-bromo-2«-chlorocholestane (see below) was produced. 

38-Bromo-2a-chlorocholestane.—28-Bromo-3a-chlorocholestane (50 mg.) (see above) was 
heated under nitrogen at 210—220° for 2 hr. Crystallisation of the product from chloroform- 
methanol gave 38-bromo-2a-chlorocholestane as needles, m. p. 150—152°, [a]p —16° (c, 2-12) 
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(Found : C, 66-7; H, 9-65; Cl + Br, 23-9. C,,H,,ClBr requires C, 66-75; H, 9-55; Cl + Br, 
23-75%). 

Reactions of 2«-Bromocholestan-38-ol_—This bromohydrin, m. p. 108—112°, [a]p) +12° 
(c, 2-10), was prepared by reduction of 2a-bromocholestan-3-one with sodium borohydride 
according to the directions of Fieser and Huang (J. Amer. Chem. Soc., 1953, 75, 4837). 

(a) With hydrobromic acid. Separate portions (100 mg.) of 2«-bromocholestan-3f-ol were 
treated with hydrobromic acid at room temperature and at 100° as described above. Chrom- 
atography over alumina (4 g.) and elution with 1: 1 light petroleum—benzene gave 2«-bromo- 
cholestan-38-yl acetate (47% and 54% respectively), m. p. and mixed m. p. 108—111°, [«], —8° 
(c, 2-45) and —8° (c, 1-96) respectively. The authentic specimen, prepared from the alcohol 
by pyridine—acetic anhydride (Fieser and Huang, Joc. cit.), had m. p. 108—111°, [«]p —8° 
(c, 2-07). 

(b) With phosphorus pentabromide. 2«-Bromocholestan-38-ol (200 mg.) was treated with 
phosphorus pentabromide as described above. The product was chromatographed over alumina 
(7 g.). Elution with ether (25 ml.) and ether—methanol (50 ml.) gave back unchanged starting 
material (130 mg., 65%), identified by m. p., mixed m. p., rotation {[a]p +12° (c, 2-01)}, and 
crystal form. 

(c) With phosphorus pentachloride. 2«-Bromocholestan-38-ol (200 mg.) was treated with 
phosphorus pentachloride as described above. The product was chromatographed over alumina 


(7 g.), but the complex mixture could not be resolved into any component of establishable 


homogeneity. 

(d) With thionyl chloride. 2«-Bromocholestan-3$-ol (200 mg.) was treated with thionyl 
chloride as described above. Chromatography of the total product over alumina (7 g.) 
and elution with ether (50 ml.) and with 5 : 1 ether—-methanol (50 ml.) gave back starting material 
(136 mg., 68%), identified by m. p., mixed m. p., rotation, {[~]) -+-13° (c, 1-98)}, and crystal 
form. 
28-Chlorocholestan-3a-ol.—2« : 3x-Epoxycholestane (1-0 g.) in chloroform (15 ml.) was 
treated with a stream of hydrogen chloride gas (cf. Barton and Miller, J. Amer. Chem. Soc., 
1950, 72, 370) at room temperature for 5 min. The chloroform solution was washed with water 
and dilute sodium carbonate solution before being dried (Na,SO,) and evaporated in vacuo. 
Crystallisation of the residue from ether—methanol gave 28-chlorocholestan-3a-0l as feathery 
needles, m. p. 118—120°, [a], +39° (c, 1-84) (Found: C, 76-45, 76-65; H, 10-75, 11-1; Cl, 9-1, 
7-0. C,,H,,OCl requires C, 76-65; H, 11-2; Cl, 84%). Acetylation with pyridine—acetic 
anhydride at room temperature overnight afforded 26-chlorocholestan-3«-yl acetate, leaflets (from 
acetone—methanol), m. p. 128—130°, [«]p +68° (c, 2:04) (Found: C, 75-25; H, 10-55; Cl, 7-6. 
C,,H,,O0,Cl requires C, 74-9; H, 10-6; Cl, 7-6%). 

28-Chlorocholestan-3x-ol (176 mg.) in ‘“‘ AnalaR”’ acetic acid (15 ml.) was treated with 
chromium trioxide (33 mg.) in the minimum of water at room temperature overnight. 
Crystallisation from cold acetone—methanol afforded 28-chlorocholestan-3-one, m. p. 118—120°, 
[a]p +124° (c, 2:02) (Found: C, 77-15; H, 10-85; Cl, 8-2. C,,H,,OCI requires C, 77-0; H, 
10-75; Cl, 8-4%). This ketone (50 mg.) in ‘‘ AnalaR ”’ acetic acid (10 ml.) was treated under 
reflux with zinc (700 mg.) for 14 hr. The product (Beilstein test negative) was identified as 
cholestan-3-one by m. p., mixed m. p., and rotation {[a]) +41° (c, 1-98)}. 

Reactions of 28-Chlorocholestan-3a-ol.—(a) With hydvobromic acid. 28-Chlorocholestan-3«-ol 
(100 mg.) was treated with 50% hydrobromic acid at room temperature as described above. 
Chromatography of the total product over alumina (3 g.) and elution with light petroleum 
(100 ml.) and 1:1 light petroleum—benzene (100 ml.) gave 28-chlorocholestan-3a-yl acetate 
(77 mg., 70%) identified by m. p., mixed m. p., rotation {[a]) +-70° (c, 2-11)}, and crystal 
form. 
(b) With phosphorus pentachloride. 28-Chlorocholestan-3a-0l (200 mg.) was treated with 
phosphorus pentachloride as described above. Chromatography over alumina (7 g.) and elution 
with light petroleum (60 ml.) gave 28 : 3«-dichlorocholestane (129 mg., 62%), identified by 
m. p., mixed m. p., rotation {[a]) + 62° (c, 1-90)}, and crystal form. Further elution with 
light petroleum (80 ml.) afforded 2« : 38-dichlorocholestane (35 mg., 17%), identified likewise 
{[a]p —6° (c, 1-82)}. 

Reactions of 2a«-Chlorocholestan-38-ol.—This chlorohydrin, m. p. 115—118°, [«]p +15° 
(c, 2-14), was prepared from 2«-chlorocholestanone by sodium borohydride, according to the 
directions of Beereboom, Djerassi, Ginsburg, and Fieser (J. Amer. Chem. Soc., 1953, 75, 3500). 

(a) With hydrobromic acid. 2a-Chlorocholestan-3$-ol (100 mg.) was treated with 50% 
hydrobromic acid at room temperature as detailed above. Chromatography over alumina 
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(3 g.) and elution with light petroleum (60 ml.) and with 1 : 1 light petroleum—benzene (80 ml.) 
gave 2«-chlorocholestan-36-yl acetate (91 mg., 80%), m. p. 122—124° (from acetone—methanol), 
[x]p —5° (c, 2-78), undepressed in m. p. on admixture with an authentic specimen, m. p. 122— 
124°, [a]p —5° (c, 2-32) (Beereboom e¢ al., loc. cit.). 

(b) With thionyl chloride. 2a«-Chlorocholestan-38-ol (100 mg.) was treated with thionyl 
chloride as described above. Chromatogaphy of the product over alumina (3 g.) and elution 
with 1:1 benzene-ether (100 ml.) gave back starting material (75 mg., 75%), identified by 
m. p., mixed m. p., rotation {[«]p + 15° (c, 2-20)}, and crystal form. 

(c) With phosphorus pentachloride. The same results were obtained as with 2a«-bromo- 
cholestan-3f-ol (see above). 

28 : 38-Epoxycholestane.—The following method was convenient for relatively large-scale 
preparations. 2«-Bromocholestan-3-ol (Fieser and Huang, Joc. cit.) (2-0 g.) in ether (10 ml.) 
and isopropanol (25 ml.) was treated with isopropanolic potassium hydroxide (4%; 100 ml.) at 
55—60° for 14 hr. Two crystallisations of the product from ether—-methanol gave pure 28 : 38- 
epoxycholestane (1-0 g.), needles, m. p. 89—91°, [a]) + 56° (c, 2-17). The epoxide was reduced 
with lithium aluminium hydride according to the directions of Fiirst and Plattner (Helv. Chim. 
Acta, 1949, 32, 275), to give cholestan-28-ol, m. p. 152—154°, [a] +34° (c, 2-36). Chromic acid 
oxidation in the usual way gave cholestan-2-one, m. p. 128—130°, [a]p + 50° (c, 2-03). 

3a-Bromocholestan-28-o0l.—28 : 38-Epoxycholestane (1-0 g.) was treated with aqueous hydro- 
bromic acid as for the corresponding «-epoxide (see above). Crystallisation of the product from 
cold ether—methanol gave 3a-bromocholestan-28-ol as plates, m. p. 133—135°, [a]p + 62° (c, 2-22) 
(Found: C, 69-8, 68-7; H, 10-0, 10-3; Br, 16-8. C,,H,,OBr requires C, 69-35; H, 10-1; Br, 
17:1%). Acetylation with pyridine—acetic anhydride overnight at room temperature afforded 
3a-bromocholestan-28-yl acetate, blades (from acetone—methanol), m. p. 124—126°, [a]) +-72° 
(c, 1-66) (Found: C, 68-9, 68-6; H, 9-6, 10-05; Br, 16-05. C,,H,,O,Br requires C, 68-35; H, 
9-7; Br, 15-7%). 

3«-Bromocholestan-28-ol (110 mg.) in ‘‘ AnalaR”’ acetic acid (10 ml.) was treated with 
chromium trioxide (19 mg.) in the minimum of water at room temperature overnight. 
Crystallisation of the product (precipitated during the oxidation) from chloroform—methanol 
gave 3a-bromocholestan-2-one as needles, m. p. 151—153°, [a]) +-184° (c, 2-38) (Found: C, 69-4; 
H, 9-6; Br, 17:35. C,,H,,OBr requires C, 69:65; H, 9-75; Br, 17-15%). This bromo-ketone 
(40 mg.) in ‘“‘AnalaR” acetic acid (8 ml.) was refluxed with zinc dust (500 mg.) for 
4 hr. Crystallisation from methanol gave cholestan-2-one, identified by m. p., mixed m. p., 
rotation {{«]p +51° (c, 1-17)}, and crystal form. 

Reactions of 3a-Bromocholestan-28-ol.—(a) With hydrobromic acid. 3«-Bromocholestan-28-ol 
(200 mg.) was treated with 50% hydrobromic acid at room temperature as described above. 
The product was chromatographed over alumina (7 g.). Elution with light petroleum (50 ml.) 
gave 28: 3«a-dibromocholestane (150 mg., 66%), identified by m. p., mixed m. p., rotation 
{[a]p + 76° (c, 2-16)}, and crystal form. Further elution with light petroleum (50 ml.) afforded 
2a : 38-dibromocholestane (15 mg.; 7%), identified likewise {[«],, —27° (c, 0-55)}. 

(b) With phosphorus pentachloride. 3a-Bromocholestan-28-ol (200 ml.) was treated with 
phosphorus pentachloride as detailed above. The product was chromatographed over alumina 
(7 g.). Elution with light petroleum (50 ml.) gave 3«-bromo-28-chlorocholestane (160 mg., 77%), 
needles or blades (from ethyl acetate-methanol), m. p. 90—92°, [a]p + 62° (c, 1-89) (Found: 
C, 66-7; H, 9-65; Cl + Br, 23-5. C,,H,,ClBr requires C, 66-75; H, 9°55; Cl + Br, 23-75%). 
Further elution with light petroleum (50 ml.) afforded 2«-bromo-38-chlorocholestane (16 mg., 
8%) (see below) identified by m. p., mixed m. p., rotation {[«],) —17° (c, 1-06)}, and crystal form. 

(c) With thionyl chloride. 3a-Bromocholestan-28-ol (200 mg.) was treated with thionyl 
chloride as detailed above. The product was chromatographed over alumina (7 g.). Elution 
with light petroleum (50 mg.) gave 3«-bromo-28-chlorocholestane (150 mg., 72%), identified by 
m. p., mixed m. p., rotation {[a]p +61° (c, 1-95)}, and crystal form. Further elution with light 
petroleum afforded 2«-bromo-38-chlorocholestane (14 mg., 7%) (see below), identified in the 
same way {[a]p —16° (c, 0-88)}. 

2a-Bromo-38-chlorocholestane.—3x-Bromo-28-chlorocholestane (see above) (50 mg.) was 
heated under nitrogen at 200—210° for 3 hr. Crystallisation of the product from chloroform— 
methanol furnished 2a-bromo-36-chlorocholestane as needles, m. p. 1834—136°, [x], —17° (c, 2-34) 
(Found: C, 66-7; H, 9-8; Cl-+ Br, 23-5. C,,H,,ClBr requires C, 66-75; H, 9-55; Cl -+ Br, 
23-75%). 

3a-Chlorocholestan-2B-ol.—28 : 38-Epoxycholestane (1-0 g.) was treated with hydrogen 
chloride as detailed above. Crystallisation of the product from ether—methanol gave 3a-chloro- 
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cholestan-28-ol as blades, m. p. 109—111°, [«]p +53° (c, 2-34) (Found: C, 76-1, 77-1; H, 11-2, 
11:2; Cl, 8-9. C,,H,,OCl requires C, 76-65; H, 11-2; Cl, 8-4%). Acetylation with pyridine— 
acetic anhydride at room temperature overnight gave 3«-chlorocholestan-28-yl acetate (see 
above), identified by m. p., mixed m. p., rotation {[«]p + 62° (c, 2-20)}, and crystal form. 

3«-Chlorocholestan-28-ol (104 mg.) in ‘‘ AnalaR”’ acetic acid (10 ml.) was treated with 
chromium trioxide (20 mg.) in the minimum of water at room temperature overnight. The 
product, which was precipitated during the reaction, was crystallised from chloroform—methanol 
to give 3a-chlovocholestan-2-one as needles, m. p. 162—164°, [a]p + 160° (c, 2-40) (Found: C, 
76-85; H, 10-65; Cl, 8-8. C,,H,,OCl requires C, 77-0; H, 10-75; Cl, 8-4%). This chloro- 
ketone (50 mg.) in ‘‘ AnalaR”’ acetic acid (10 ml.) was heated under reflux with zinc (700 mg.) 
for 14 hr. Crystallisation of the product from chloroform—methanol gave cholestan-2-one, 
identified by m. p., mixed m. p., rotation {[a]p + 50° (c, 2-03)}, and crystal form. 

Reactions of 3«-Chlorocholestan-28-ol.—(a) With hydrobromic acid. 3a-Chlorocholestan-2-ol 
(100 mg.) was treated with hydrobromic acid at room temperature as detailed above. The 
product was chromatographed over alumina (3 g.). Elution with light petroleum (60 ml.) and 
with 1 : 1 light petroleum—benzene (50 ml.) gave 3a-chlorocholestan-28-yl acetate (84 mg., 73%), 
identified by m. p., mixed m. p., rotation {[a]p + 62° (c, 2-07)}, and crystal form. 

(b) With phosphorus pentachloride. 3a-Chlorocholestan-28-ol (200 mg.) was treated with 
phosphorus pentachloride as detailed above. The product was chromatographed over alumina 
(7 g.). Elution with light petroleum (50 ml.) gave 28 : 3«-dichlorocholestane (150 mg., 78%), 
identified by m. p., mixed m. p., rotation {[a], +60° (c, 2-24)}, and crystal form. Further 
elution with light petroleum (60 ml.) afforded 2« : 38-dichlorocholestane (12 mg., 6%), identified 
by m. p., mixed m. p., rotation {[«]) —7° (c, 0-61)}, and crystal form. 

Bromination of Cholest-3-ene.—Cholest-3-ene (185 mg.), m. p. 74—75°, [a]p + 55° (c, 2-17), 
prepared according to Barton and Rosenfelder’s method (loc. cit.), in carbon tetrachloride (2 ml.) 
was titrated with a solution of bromine in the same solvent (40 mg. per ml.) during lhr. Uptake 
of bromine corresponded to 1:15 mols. After removal of the carbon tetrachloride in vacuo the 
total product was chromatographed over alumina (7 g.). Elution with light petroleum (50 ml.) 
gave 3a : 48-dibromocholestane (210 mg., 79%) as needles (from ethyl acetate—methanol), m. p. 
124—126°, [x], +5° (c, 2-36), undepressed in m. p. on admixture with the cholest-3-ene 
dibromide of Barton and Rosenfelder (loc. cit.). Further elution with light petroleum (50 ml.) 
afforded 38 : 4«-dibromocholestane (6 mg., 2%), identified (see below) by m. p., mixed m. p., 
rotation {[a]p +33° (c, 0-54)}, and crystal form. 

38 : 4a-Dibromocholestane.—3« : 48-Dibromocholestane (100 mg.) (see above) was heated 
under nitrogen at 180—190° for 3hr. Crystallisation of the product from chloroform—methanol 
afforded 38 : 4«-dibromocholestane as needles, m. p. 171—173°, [«]p + 36° (c, 2-21) (Found: C, 
61-5; H, 8-95; Br, 29-9. C,,H,,Br, requires C, 61:15; H, 8-75; Br, 30-15%). 38: 4«-Di- 
bromocholestane (50 mg.) was smoothly debrominated in refluxing ‘“‘ AnalaR’’ acetic acid 
(10 ml.) with zinc dust (500 mg.; added portionwise) for 30 min., to give cholest-3-ene, 
identified by m. p., mixed m. p., rotation {[a]p + 52° (c, 1-82)}, and crystal form. 

Tests for Isomorphism.—The following compounds were used: (1) 28: 3a-dibromo-, 
(2) 28: 3«-dichloro-, (3) 28-bromo-3«-chloro-, (4) 3«-bromo-28-chloro-, (5) 2« : 38-dibromo-, 
(6) 2« : 38-dichloro-, (7) 38-bromo-2«-chloro-, and (8) 2«-bromo-3$-chloro-cholestane. 

Nos. 1—4 compounds are diaxial, nos. 5—8 diequatorial. The m. p. of a specimen 
of the lower-melting component of the mixture was always taken at the same time as that of 
the mixture. Mixed m. p.s were as follows : 

Diaxial pairs ; no depressions: (1) + (2) 110—115°; (1) + (3) 125—128°; (1) + (4) 100— 
103°; (2) + (3) 114—119°; (2) + (4) 94—98°; (3) + (4) 110—115°. 

Diequatorial pairs ; no depressions: (5) + (6) 146—149°; (5) + (7) 146—148°; (5) + (8) 
136—140°; (6) + (7) 150—152°; (6) + (8) 138—145°; (7) + (8) 145—150°. 

Mixed diequatorial—diaxial pairs ; all depressed: (1) + (5) 100—107°; (1) + (6) 110—115°; 
(1) + (7) 110—114°; (1) + (8) 90—100°; (2) + (5) 104—115°; (2) + (6) 80—90°; (2) + (7) 
100—105°; (2) + (8) 85—95°; (3) + (5) 108—112°; (3) + (6) 111—116°; (3) + (7) 112— 
124°; (3) + (8) 98—105°; (4) + (5) 80—90°; (4) + (6) 85—95°; (4) + (7) 82—95°; (4) + (8) 
78—85°. 
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Bagnall and D’Eye. 


The Preparation of Polonium Metal and Polonium Dioxide. 


By K. W. BaGNALt and R. W. M. D’EYE. 
[Reprint Order No. 5598.] 


Milligram amounts of very pure metallic 2Po (RaF) have been prepared 
by vacuum-sublimation of polonium deposited on silver, nickel, and platinum. 
A similar procedure using polonium deposited on copper yielded a mixture of 
metallic polonium and cuprous chloride. An oxide has been prepared, which, 
from its chemical behaviour, is considered to be PoO,. The crystal structures 
of the two modifications of this oxide have been determined. 


THE spontaneous deposition of tracer amounts of polonium from solution on to the less 
noble metals is well known. Russell and Chadwick (Phil. Mag., 1914, 27, 112) and others 
have described the deposition of polonium on to copper, Tammann and Wilson (Z. anorg. 
Chem., 1928, 173, 137) the deposition on to nickel, and Marckwald (Ber., 1902, 35, 2285; 
1903, 36, 2662) and many others the deposition on to silver. The preparation of tracer 
sources on platinum by electrodeposition has been described by Paneth and Johannsen 
(Ber., 1922, 55, 2622) and by I. Curie (J. Chim. phys., 1925, 22, 471), the results being 
somewhat variable, and this procedure has been successfully used on the milligram scale 
by Beamer and Maxwell (J. Chem. Phys., 1946, 14, 569; 1949, 17, 1293). Vacuum- 
sublimation of the polonium from tracer sources has been described by Bonet-Maury 
(Ann. Physique, 1929, 11, 253) and many others, but the chemical nature of the sublimates 
so obtained was uncertain, owing to the very small amounts (10-6 to 10-8 g.) of polonium 
used. 

There is very little published research carried out with “ weighable’’ amounts of 
polonium. Beamer e¢ al. (loc. cit.) have reported the crystal structure of metallic polonium 
prepared by vacuum-sublimation from a source electrodeposited on platinum. The results 
of their X-ray diffraction studies indicate that the metal exists in two crystalline modific- 
ations, «-polonium (the low-temperature form) with a simple cubic lattice, and $-polonium 
(the high-temperature form) with a simple rhombohedral lattice, the phase transformation 
occurring at about 75°. 

It was found that at room temperature the sample maintained itself in the §-form 
owing to the energy released in the stoppage of the disintegration «-particles within the 
sample [calculated to be 27-4 cal. per hr. per curie of ?!°Po (Beamer and Easton, J. Chem. 
Phys., 1949, 17, 1298)]. As the sample decayed, a slow transformation of the 8- into the 
«-form was observed, owing to the decrease in the amount of heat evolved. The publication 
of the detailed powder pattern of $-polonium by these authors simplified the problem of 
identification of the products obtained by vacuum-sublimation from various supporting 
metals. 

Martin (American report MLM 855, 1953) described PoO, prepared by direct oxidation 
of the metal, the composition being determined by measuring the decrease in pressure of 
oxygen in contact with metallic polonium. The product was described as a pale yellow 
solid. 

EXPERIMENTAL 
Preparation of Polonium Stock Solution.—A multi-curie polonium source, prepared by pile- 


ny B 
irradiation of bismuth (?°Bi —> #0Bi —P *°Po), was available as a deposit of polonium on 


nickel sheet, and the polonium was separated from the nickel by vacuum-sublimation in a 
quartz tube. The sublimate was dissolved in N-hydrochloric acid and, after «-counting to 
determine the polonium concentration, the solution was diluted with 0-5N-acid to a polonium 
concentration of 2 curies/ml. (2 x 10-%m), the final hydrochloric acid concentration being about 
0-8N. This solution was bright yellow and suffered extensive radiation decomposition, made 
evident by the steady evolution of gas. 

Handling of High-level Sources.—Owing to the high specific activity of #©Po (4-5 curies/mg., 
i.e., 10% disintegrations per min. per mg.) the hazard due to contamination is high. The 
tolerance dose of ingested 2!°Po is only 0-02 uc (4:5 x 10-7 g.) and all work with this element 
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must be carried out in glove-boxes (see, e.g., AERE C/R 958, SO-70-674-0-75, Figs. 2 and 3 and 
pp. 2—11). Work with the element in solution is complicated by radiation decomposition of 
the solvent, and in the solid state by disruption and scattering of the solid preparations by the 
high «-emission, leading to gross contamination of the surrounding objects (Lawson, Sitzungsber. 
Akad. Wiss., Vienna, Ila, 1919, 128, 795, and many other authors). 

By carrying out most of the operations in a sealed system, the contamination can be kept to 
a minimum, but continuous monitoring of the laboratory is essential. Since polonium rapidly 
penetrates the rubber gloves fitted to the glove boxes, a pair of surgical gloves must also be worn 
as a secondary protection, and both sets of gloves must be monitored regularly. The mechanism 
of this penetration is uncertain and attempts to measure the rate of diffusion of polonium and 
its compounds through rubber were unsuccessful. It is probable that penetration occurs via 
pores or pinholes which are only opened when the rubber is stretched in use. 

Preparation of the Deposits.—(a) On nickel. Pellets of nickel wool prepared from pure nickel 
wire 0-001 in. in diameter were degreased by 30 minutes’ refluxing with trichloroethylene and 
washed in turn with benzene, absolute alcohol, concentrated hydrochloric acid, and distilled 
water. They were then placed in a 10-ml. centrifuge tube and 0-5 ml. of the stock solution was 
added. The solution was agitated gently by means of a small Pyrex dropper for 5 min., the 
yellow colour being discharged, and the pellets then appeared uniformly black. The spent 
solution was removed in the Pyrex dropper, and the pellets were rinsed with distilled water 
(5 X 1 ml.) and transferred to a quartz sublimation tube. This tube consisted of a B.14 socket 
sealed at A to a tube B of 6-mm. internal diameter, which was sealed at its other end C to a 
thin-walled tube D of 0-5-mm. internal diameter. 

(b) On silver. Precipitated silver (100 mg.; from Messrs. Johnson Matthey) was treated in 
a 2-ml. centrifuge cone with the polonium stock solution (0-5 ml.). In ca. 2 min. the colour was 
discharged and the silver powder had become coated with a black deposit. The solution was 
centrifuged, the spent solution removed, and the powder washed with Nn-hydrochloric acid 
(3 x 1ml.), followed by distilled water (3 x 1 ml.). The top half of the centrifuge tube was 
then cut off and the resulting cone placed in the sublimation tube. In later work pellets of fine 
silver wool were used as described for nickel. 

(c) On copper. “Both copper powder and copper wool were used as described for silver and 
nickel. The colour of the solution changed rapidly from yellow to pink, probably owing to 
reduction of the polonium to the bivalent state. This is being further investigated. The copper 
powder finally became dull purple (similar to cuprous oxide) and it is not yet known whether 
this is due to compound formation with polonium or whether cuprous oxide is formed. Pro- 
cedure was then as for silver. 

(d) Electrodeposition on platinum. A solution of polonium in n-nitric acid containing 50 
mc/ml. was prepared as follows. Lanthanum nitrate (50 mg.) was added to the polonium stock 
solution (1 ml.) followed by an excess of aqueous ammonia (d 0-88). The precipitated hydroxide 
was centrifuged and washed several times with 1% ammonia solution and then dissolved in 
N-nitric acid (40 ml.). 20 ml. of this solution were transferred to a simple deposition cell, and 
the polonium was deposited at a current density of 1 milliamp./cm.? and 2-2 v, argon being 
bubbled through the solution continuously to provide stirring. About 80% of the polonium 
was deposited in 1 hr. The deposits were uniform and grey. The platinum foil was then well 
washed with distilled water and transferred to the sublimation tube. 

Sublimation of the Deposits —The source was placed in the quartz sublimation tube at B, 
and the collar at A was thickened preparatory to sealing off under vacuum. The tube was 
evacuated to 1 uy and the source at B heated at 150—200° for 10 min. to degas it, after which the 
tube was sealed under vacuum at A, and the section A-B-C-D was heated in an electric furnace 
at 400° with the capillary C-D projecting from the furnace. A bright metallic-silver mirror 
appeared on the collar of the tube at C and was sublimed along the capillary by heating it with 
a gas micro-burner. The tube was sealed off at C and the process repeated until the metal had 
been driven up to the end of the capillary which was sealed and transferred to the X-ray camera. 

Preparation of the Oxide.—Since the oxide does not sublime appreciably below 900° in oxygen 
and decomposes to the metal when heated in a vacuum (see below), some difficulty was 
experienced in preparing capillaries of the oxide for X-ray diffraction analysis. Two methods 
were used, neither of which was very satisfactory. 

In the first a capillary containing metal was prepared as described above and this was 
opened in oxygen and heated to 250—300° for some hours to ensure complete oxidation since 
it took some time for the oxygen to diffuse into the capillary. At a higher temperature metallic 
poltonium was ejected from the capillary and rapidly oxidised. In the second method, the metal 
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was sublimed as far as the collar at C under vacuum and the tube was opened to oxygen at D 
by breaking off the tip of the capillary. The sublimed metal was oxidised at 700° in an electric 
furnace, and the oxide was sublimed into the capillary by heating it carefully with an oxy-gas 
flame. Generally not more than 50% of the oxide could be driven into the capillary, the 
remainder fusing into the silica between C and D. 

«Spectroscopic Analysis of the Samples.—After photography, a number of the X-ray capillaries 
were taken and each was crushed with concentrated nitric acid (0-1 ml.). The solutions so 
obtained were subjected to spectroscopic analysis by the Emission Spectroscopy group. Polon- 
ium is not readily soluble in dilute nitric acid, a white microcrystalline solid of unknown com- 
position being formed, which is soluble in concentrated nitric and hydrochloric acid. 

X-Ray Analysis.—Powder-diffraction photographs were taken with a 9-cm. Unicam camera 
and filtered Cu-K« radiation. The intensities of the lines were estimated visually. 


RESULTS 


Metal.—The spectrochemical analyses, when compared with the blank for the acid used to 
dissolve the sample, indicate that the metal sublimed from platinum, silver, and nickel contained 
no more impurity than was contained in the acid. The metal sublimed from copper, however, 
contained cuprous chloride, identified by X-ray powder photography; its presence is due to the 
difficulty of freeing the copper—polonium powder or wool from traces of the copper chloride 
formed in the reduction of the polonium solution. One early sample distilled from nickel 
contained nearly 50% w/w of nickel and this was traced to adventitious nickel chloride. 
Very thorough washing of the deposits is essential, but no pure polonium could be obtained by 
sublimation from copper. With this exception, all the metal sublimates formed bright silvery 
mirrors in thick layers, thinner layers having a smoky brown appearance. 

In air or oxygen at room temperature the metal slowly becomes covered with a thin film of 
pale yellow oxide, oxidation being very rapid at 250—300°. (If the metal is kept in air in a 
closed vessel for some time oxides of nitrogen become visible and the yellow surface oxide 
becomes white, perhaps owing to formation of a nitrate.) 

The metal is rapidly dissolved by 2N-hydrochloric acid (see Staritzky, American report LA 
1286, 1951), giving first a pale pink solution believed to contain polonium dichloride (Bagnall 
and Freeman, unpublished work). This solution gradually becomes yellow and on evaporation 
then yields polonium tetrachloride (idem, loc. cit.). Addition of hydrogen peroxide or chlorine 
water to this pink solution accelerated the colour change (pink to yellow). The yellow solutions 
containing tetrachloride are reduced to the pink chloride by sulphur dioxide, arsenious oxide, or 
hydrazine in hydrochloric acid. 

The metal reacts vigorously with concentrated nitric acid, giving a yellow solution (when 
concentrated, e.g., 10 curies of 24Po/ml.) but this becomes colourless on dilution. It is probable 
that the concentrated solution contains the quadrivalent nitrate. 

Oxide.—The oxide is readily soluble in dilute hydrochloric or hydrobromic acid, giving yellow 
and orange-red solutions respectively, which yield yellow polonium tetrachloride and carmine- 
red tetrabromide on evaporation to dryness. These two compounds have also been prepared 
by passing the dry halogen acid gas over the dry freshly prepared oxide and it is therefore in- 
ferred that this oxide is PoO,. A solution of aqueous iodine-free hydriodic acid reacts with the 
oxide to give a black, insoluble, very volatile solid which is believed to be polonium tetraiodide. 
These polonium halides will be described fully in subsequent papers. 

In thin layers (less than 0-1 mg. /cm.®) the oxide is a pale yellow solid, but thicker preparations 
are orange-red to brick-red. When heated as a thin source in oxygen the pale yellow oxide 
begins to darken at 300°, appearing orange at 335—415°. On further heating it becomes much 
darker—orange-red (500—600°), brick red (650°), dark brownish-red (780°)—and finally sub- 
limes at 885°/1 atm. 

Cooling in oxygen to room temperature reverses the colour changes, although a tinge of 
orange persists in the sample for some days. Since the colour appeared to be a function of 
temperature, a thick sample, initially dark red, was cooled in liquid air for 6 hr. The sample 
then became pale yellow, but at room temperature it gradually returned to its original red. 
These colour changes have been correlated with the crystal structure of the two modifications 
(see below). 

The assignment of colour to polonium compounds is complicated by the blue glow surround- 
ing them and by the fluorescence induced in the silica containing tube under the «-bombardment. 

When heated at 1 wu thé oxide becomes very dark at about 500° and then decomposes, a 
sublimate of metallic polonium appearing in the cool parts of the apparatus. 
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X-Ray Determinations.—The diffraction patterns of both the metal and oxide were of rather 
poor quality owing to the sample’s being only ca. 0-2 mg. and to the background caused by the 
y-radiation. Thus a high degree of accuracy in the sin? § values cannot be expected. Further 
it is probable that diffraction lines having a weak intensity might well be lost in the high back- 
ground. ‘This would tend to make the number of absences in the observed indices of reflections 
appear rather high. However from the diffraction photographs both «- and 8-polonium were 
unambiguously identified and also an oxide. 

(a) Polonium metal. The data obtained from diffraction patterns of metal, taken immediately 
after sublimation from platinum, silver, or nickel, were identical with those given by Beamer 
and Maxwell (J. Chem. Phys., 1949, 17, 1293) for B-polonium. However, photographs of 
polonium sublimed from copper showed appreciable amounts of cuprous chloride as impurity. 
After a few days X-ray photographs of the metal showed a further phase. This could be indexed 
in terms of a simple cubic cell and is, according to Beamer and Maxwell (loc. cit.), the low- 
temperature («-) modification of polonium. 

(b) Polonium-oxygen system. Diffraction patterns of the oxide taken immediately after 
preparation showed apparently two phases, one being f.c.c. with a = 5-687 + 0:005 kX. The 
lines due to the other phase could be indexed in terms of a tetragonal cell with a = 5-44 + 0-01 
kX, c = 8:34 40-01 kX. As the diffraction pattern faded out at 6 = ~27° and was also very 
weak, the tetragonal indexing could not necessarily be completely unambiguous and thus the 
proposed cell might in fact be a pseudo-cell. 

After the sample had been kept for 7 days in oxygen the diffraction pattern still showed two 
phases but the cell constant of the f.c.c. phase had decreased to a = 5-676 + 0-005 RX. A 
further photograph of the sample after it had been cooled in liquid air for 6 hr., again in oxygen, 
showed primarily the f.c.c. phase with a much decreased cell constant a = 5-626 + 0-005 RX. 
A trace of the tetragonal phase was still present. 

On warming of this sample to 400° for 24 hr. the photograph showed two distinct phases : 
the f.c.c. phase having a = 5-681 + 0-005 kX which is close to the original value, and the 
tetragonal phase. 

This variation of phase with temperature suggests that the f.c.c. form is yellow whereas the 
tetragonal form is red. 

From a consideration of other f.c.c. oxides with the fluorite-type structure it appears that 
the polonium oxide has a composition close to PoO,. The cell constant, however, as seen above, 
contracts reversibly from 5-687 to 5-626 kX on cooling. It is known that absorption and 
desorption of oxygen by a fluorite-type oxide, e.g., UO,, give rise to variability of cell constant. 
The variations in cell constant in the present case can therefore be accounted for in an analogous 
manner. Thus, at 80°, the temperature of the sample immediately after preparation, the oxide 
could exist in.either the stoicheiometric form PoO, or the non-stoicheiometric form PoO,_,. As 
the oxide cools, oxygen could be taken up, giving in the former case PoO,,,, and in the latter 
case PoO,. The oxide has been found to have a high dissociation pressure, losing oxygen 
readily when heated in vacuo and even being degraded as far as the metal. Thus it seems more 
probable that the non-stoicheiometric form PoO, _, exists at 80°. On this assumption the photo- 
graphs taken after strong cooling represent near-stoicheiometric PoO,, giving a = 5-626 +. 0-005 
kX and a cell volume of 178-1 kX3. It has the fluorite-type structure space group O,5 — Fm 3m 
with the polonium atoms on the 4(a) and oxygen atoms on the 8(c) special positions. Since the 
isotope used is #Po the calculated density is f, = 8-96 g./c.c. The interatomic distance 
Po-O is 2-44 kX, giving a radius for the Pot ion of 1-04 &X if the radius of oxygen is 1-40 kX 
(Pauling, Internationale Tabellen, Vol. IT). 

As stated above, the phase occurring with the f.c.c. phase at 80° can be indexed from a 
consideration of the sin? § values by Hesse’s methods (Acta Cryst., 1948, 1, 200) in terms of a 
pseudo-tetragonal cell with a = 5-44 and c = 8-34. The agreement of the observed with the 
calculated values of sin? § is seen from the Table to be fair. 


Intensity Sin? Aye. Si? Aoato. hkl Intensity sin? Oops. sin? Bate. 
0-0397 0-0400 110 “1 ihe 0-1760 
00551 *  — 0-0540 102 sid 01762 { 0.1765 
0-0773 * 0-0740 112 VVW 0-1888 0-1885 
0-0801 0-0800 200 abo 0-2153 { 0-2140 
0-1557 f{  0°1560 104 aiid 0-2160 
l 0-1565 203 


* Probably overlap with the f.c.c, lines. 
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The number of absences in the observed indices of the reflections is very high but this might 
be caused by the weaker lines’ being lost in the heavy background. 

As with the f.c.c. phase we have, at the moment, no chemical results to indicate the com- 
position of this phase. There would, however, appear to be two possibilities : (i) the phase is a 
high-temperature modification of the f.c.c. PoO, with a transition point at about 80°, analogous 
to the phase change in metallic polonium; (ii) the phase is a suboxide. Volume calculations 
throw little light, as the cell can hold, for example, six PoO,, four Po,O;, or one Po,O,,. That 
the oxide has a high dissociation pressure makes the hypothesis of a sub-oxide the more feasible 
alternative. 

It is stated in an American Report (Martin, MLM 855, 1953) that PoO, exists in a tetragonal 
form which after a few days passes into the fluorite structure with a = 5-60 and f, = 9-18, the 
radius of the Pot’ ion being 1-02 A. Our results are in fair agreement with this statement, 
although we have further shown that the f.c.c. oxide probably exists over a solid-solution range 
and that the f.c.c. > tetragonal phase change is temperature-dependent and reversible. 


The authors are indebted to the Emission Spectroscopy Group (Dr. A. H. Gillieson) for 
carrying out the spectroscopic analyses and to Mr. K. R. Gadsby and Mr. J. H. Freeman for 
assistance in the laboratory. 
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Rearrangements of Chromanones and Dihydrocoumarins by 
Aluminium Chloride. 


By J. D. Loupon and R. K. RazpDAN. 
[Reprint Order No. 5625.] 


By fusion with aluminium chloride chromanones and 3: 4-dihydro- 
coumarins are rearranged to hydroxyindanones. 5: 6-Benzochromanone and 
3: 4-dihydro-5 : 6-benzocoumarin respectively yield 9-hydroxy- and 4- 
hydroxy-perinaphthen-l-one (via dihydroperinaphthenones) while 4: 5- 
benzocoumaranone yields 8-hydroxyacenaphthenone. 

Chromanones are readily prepared by cyclisation of §-aryloxypropionic 
acids by means of polyphosphoric acid. 


THE rearrangement of 2 : 3-dihydro-4-methyl-3-oxobenz-1 : 4-oxazine (I) to the oxindole 
derivatives (II) and (III), through fusion with aluminium chloride (Cook, Loudon, and 
McCloskey, J., 1952, 3904; Cook, Loudon, and Ogg, forthcoming publication), prompted 
investigation of similar fusion applied to compounds of the chromanone and dihydro- 
coumarin types. It was particularly desired to ascertain whether “ abnormal ”’ rearrange- 
ment, analogous to the change from (I) to (III), occurred. When fused with aluminium 
chloride chromanone (IV) afforded in good yield the known 7-hydroxyindanone (V), 
whereas dihydrocoumarin (VI) gave 4-hydroxyindanone (VII), which was identified by 
Clemmensen-reduction to 4-hydroxyindane, a compound similarly obtained from (V). 
Both rearrangement products are, therefore, normal. Moreover they were obtained 
throughout a range of fusion temperatures and it may be added that had (V) been formed 
from (VI) in significant amount its steam-volatility would have ensured its detection. 
On being fused with aluminium chloride 6-phenylchroman-4-one and 7-methoxychroman-4- 
one (the latter reacting via 7-hydroxychromanone) likewise afforded products which, on 
the basis of colour tests indicative of the o-hydroxy-ketonic structure, are also regarded as 
normal and, accordingly, as 7-hydroxy-4-phenylindanone and 5: 7-dihydroxyindanone, 
respectively. 

A convenient synthesis of chromanone derivatives is described by Bachman and 
Levine (J. Amer. Chem. Soc., 1947, 69, 2343; 1948, 70, 599) who cyclised 6-aryloxypro- 
pionitriles by means of concentrated sulphuric acid. The nitriles are readily available 
through cyanoethylation of phenols (cf. Cook and Reed, J., 1945, 920) but the method of 
cyclisation fails when applied to the preparation of chromanone from $-phenoxypropio- 
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nitrile and difficulty arising from sulphonation may be foreseen in other cases. However, 
g-aryloxypropionic acids are readily prepared by acid-hydrolysis of the nitriles and we have 
now found that these acids are smoothly cyclised to chromanones by polyphosphoric acid. 
This is the method of choice for preparing chromanone itself and it has given satisfactory 
results in the other cases here examined. 


This route to chromanones, coupled with their rearrangement when fused with alumin- 
ium chloride, affords access to some interesting compounds. For instance, 5 : 6-benzo- 
chroman-4-one, prepared from §-naphthol, is converted into a mixture of 9-hydroxy- 
perinaphthen-l-one (VIII) and the corresponding dihydro-compound (IX). The incidental 
dehydrogenation is commonly observed in cyclisation of $-l-naphthylpropionic acids (cf. 
Ansell and Berman, J., 1954, 1792). The two products are interconvertible by hydrogen- 
ation—dehydrogenation procedures and are separable through the formation of a hydro- 
chloride from (VIII). 9-Hydroxyperinaphthen-l-one was first described by Koelsch and 
Anthes (J. Org. Chem., 1941, 6, 558) who obtained it through cyclisation and incidental 
dephenylation of 1-cinnamoyl-2-methoxynaphthalene by aluminium chloride in benzene. 
Re-examination of its properties confirms its character as a strongly hydrogen-bonded 
compound. This emerges from its comparison with the dihydro-compound (IX) and with 
the isomeric 4-hydroxyperinaphthen-l-one (X). This last compound was prepared by 
fusing 3: 4-dihydro-5 : 6-benzocoumarin with aluminium chloride and dehydrogenating 
the product. Of the three compounds, (VIII), (IX), and (X)—for which ultra-violet 
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absorption data are given in the experimental section—only the first persistently resisted 
reaction with the usual reagents at the carbonyl or hydroxyl centres. On the other hand 
substitution in the ring-system of (VIII) is quite readily achieved, and in these laboratories 
Mr. J. K. Sutherland prepared monobromo- and mononitro-derivatives which, however, 
were not oriented. 

Fusion of 4 : 5-benzocoumaranone with aluminium chloride likewise afforded a phenolic 
product which is regarded as 8-hydroxyacenaphthenone. 


EXPERIMENTAL 


Petroleum as solvent refers to light petroleum, b. p. 40—60°. Except where otherwise 
stated fusion with aluminium chloride means that the mixture was gradually heated to the 
given temperature(s) where it was maintained for the stated time before being cooled, powdered, 
and treated with ice-hydrochloric acid; thereafter the product was extracted with ether, the 
extract washed with aqueous sodium carbonate and then with dilute sodium hydroxide, and 
phenolic material, liberated by acidification of the latter solution, was recovered in ether. All 
m. p.s were uncorrected. 

Chromanone.—B-Phenoxypropionitrile (1 g.) (Cook and Reed, Joc. cit.) was heated under 
reflux (2 hr.) with concentrated hydrochloric acid (40 c.c.) and water (20 c.c.), the cooled solution 
depositing B-phenoxypropionic acid as needles, m. p. 96—97° (from water). The powdered 
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acid (3-1 g.) was slowly added to a mixture of phosphoric oxide (96 g.) and phosphoric acid 
(40 c.c.; d, 1-7) which had been pre-heated at 100° (30 min.) with exclusion of moisture. After 
2 hr. at 100° the whole was added to ice—water and the gum, recovered in benzene and distilled 
at 130—132°/15 mm., afforded chromanone (2-4 g.), m. p. 39° (from petroleum), which was 
characterised as the semicarbazone, m. p. 227°. 

7-Hydroxyindanone.—A mixture of chromanone (1-5 g.) and anhydrous, powdered aluminium 
chloride (2-7 g.) was fused at 180—190° (20 min.) and then at 200° (15 min.). 7-Hydroxy- 
indanone was recovered in steam as silky needles, m. p. 111° (from methanol). Light absorption 
in ethanol: Amax, 3175, 2755, 2200 A; log ¢ 3-52, 4-1, 4-32. The compound gave the character- 
istic deep-blue colour with ferric chloride in ethanol and afforded the semicarbazone, m. p. 
242° (from ethanol) (cf. von Auwers and Hillinger, Ber., 1916, 49, 2412). Examination of the 
alkali-soluble, non-volatilised portion of the product gave only more of the same compound 
(total yield 65—70%) and similar results were obtained when the initial reaction was conducted 
at 220° (? hr.). 

A mixture of 7-hydroxyindanone (0-2 g.), amalgamated zinc (2 g.), water (200 c.c.), and 
concentrated hydrochloric acid (10 c.c.) was heated for 1 hr. with occasional addition of dilute 
hydrochloric acid and then for 2 hr. with similar addition of concentrated acid. The gum, 
recovered in ether from the cooled solution, afforded 4-hydroxyindane, m. p. 49° (from petroleum) 
(cf. Arnold and Zaugg, J. Amer. Chem. Soc., 1941, 68, 1317) (Found: C, 80-4; H, 7-3. Calc. for 
C,H,,O: C, 80-5; H, 7-5%). 

7-Methoxyindanone.—A mixture of 7-hydroxyindanone (0-3 g.), potassium carbonate (0-75 
g.), methyl iodide (1 c.c.), and acetone (20 c.c.) was heated under reflux for 4 hr. After removal 
of solvent, water (30 c.c.) was added; recovery in benzene afforded 7-methoxyindanone as plates, 
m. p. 102—103° (from benzene—petroleum) (Found: C, 74:4; H, 6-3. Cj gH, 0, requires C, 
74:0; H, 6-2%). 

4-Hydroxyindanone.—Dihydrocoumarin (1-5 g.) (cf. Borsche and Weinheimer, Ber., 1952, 
85, 200) was fused with aluminium chloride at 170—180° (3 hr.). 4-Hydroxyindanone, as 
platelets (0-7 g.), m. p. 239—240° (from methanol), was the sole phenolic product, no steam- 
volatile material being detected and similar results being obtained when fusion was effected 
at 210° (1 hr.) and 230° (1 hr.) (Found: C, 72-7; H, 5-6. C,H,O, requires C, 72:9; H, 5-4%). 
Light absorption in ethanol: max, 3125, 2575, 2250 A; loge 4-43, 4-94, 5-4. With ferric chloride 
in ethanol the compound gave a red-brown colour and on Clemmensen-reduction it afforded 
4-hydroxyindane, m. p. and mixed m. p. 48—49°. 

4-Methoxyindanone.—The 4-methoxy-compound, m. p. 102—103° (from methanol), was 
prepared as described for its isomer, with which a mixed m. p. was 68—82° (Found: C, 74-0; 
H, 6-5%). 

6-Phenylchromanone.—4-Hydroxydipheny]l (3 g.), acrylonitrile (8 g.), and sodium methoxide 
(0-2 g.) were heated in an autoclave at 140—150° for 5 hr. The excess of acrylonitrile was 
removed in vacuo, and the resultant solid, after being washed with aqueous sodium hydroxide, 
afforded B-p-phenylphenoxypropionitrile, m. p. 124° (from methanol) (Found: C, 81-1; H, 6-0; 
N, 6-5. C,;H,,ON requires C, 80-8; H, 5-8; N, 6-4%). The nitrile (1 g.), when heated (1-5 hr.) 
with sulphuric acid (20 c.c.; 50%), gave $-p-phenvlphenoxypropionic acid as plates, m. p. 
173° (from ethanol) (Found: C, 74:1; H, 6-0. C,;H,,0, requires C, 74:3; H, 5-8%). This 
acid, treated with phosphoric oxide—phosphoric acid as described for chromanone, yielded 
6-phenylchromanone as fine needles, m. p. 71—72° (from ethanol) (Found: C, 80-0; H, 5-6. 
C,5;H,,0, requires C, 80-3; H, 5-4%). 

7-Hydroxy-4-phenylindanone.—To a melt of sodium chloride (2-5 g.) and aluminium chloride 
(2 g.) at 160° powdered 6-phenylchromanone (0-5 g.) was added and heating was continued at 
185—190° for 40 min. The phenolic product was conveniently purified by passage in methanol 
through a short column of charcoal, affording 7-hydroxy-4-phenylindanone as plates, m. p. 
123—124° (from methanol) (Found: C, 80-5; H, 5-7. C,;H,,O, requires C, 80-3; H, 5-4%). 
Light absorption in ethanol: Apax, 3275, 2425 A; log ¢ 3-55, 4-46. The compound gave an 
intense blue colour with ferric chloride in ethanol and with sodium hydroxide formed a sparingly 
soluble, pale yellow sodium salt, m. p. 275—277°. 

7-Methoxychromanone.—8-m-Methoxyphenoxypropionitrile (15 g.) (Bachman and Levine, 
loc. cit.) when heated (2-5 hr.) with concentrated hydrochloric acid (150 c.c.) and water (75 c.c.) 
afforded the corresponding acid, m. p. 80—81° (Pfeiffer and Oberlin, Ber., 1924, 57, 210, give 
m. p. 81—83°), which was cyclised, by phosphoric oxide—phosphoric acid, to 7-methoxychrom- 
anone, m. p. 52—54° (cf. Bachman and Levine, Joc. cit.). This chromanone (1 g.), when fused 
with aluminium chloride (1-5 g.) at 130—140° (4 hr.), was demethylated, forming 7-hydroxy- 
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chromanone, m. p. 140°, from boiling water (charcoal) then from ethyl acetate (Found: C, 65-8; 
H, 4:55. C,H,O, requires C, 65-85; H, 4:9%). This was identified by remethylation to 
7-methoxychromanone, m. p. and mixed m. p. 52—53°, and was characterised by acetylation to 
7-acetoxychromanone, m. p. 94—95° (from methanol) (Found: C, 64:3; H, 4:9. C,,;H4)0, 
requires C, 64-1; H, 4:9%). 

4 : 7-Dihydroxyindanone.—When the foregoing fusion was carried out at 210° ($ hr.) the 
phenolic product was a gum. This was extracted with boiling light petroleum (b. p. 80—100°) 
to which a few drops of ethanol had been added. Slow evaporation of the solvent then gave a 
small quantity of 4: 7-dihydroxyindanone as needles, m. p. 195—196° (from ethanol) (Found : 
C, 65-6; H, 4:8. C,H,O, requires C, 65-85; H, 4:9%). Light absorption in ethanol: Aax. 
2780, 2300, 2200 A; log ¢ 4:24, 4-23, 4-24. The compound gave an intense violet colour with 
ferric chloride in ethanol, and a deep yellow colour when heated with boroacetic anhydride in 
acetic anhydride. With hot acetic anhydride containing a trace of concentrated sulphuric acid 
it formed 4: 7-diacetoxyindanone, m. p. 90—91° (from ethanol) (Found: C, 62-8; H, 4:9. 
C,,H,,0; requires C, 62:9; H, 49%). 

9-H ydroxyperinaphthen-1-one (VIII).—(a) 5: 6-Benzochroman-4-one (2 g.) (Bachman and 
Levine, Joc. cit.) was heated with powdered aluminium chloride (2-7 g.) first at 100° and then for 
1 hr. at 190-—200° with stirring. The phenolic products were isolated as sparingly soluble sodium 
salts which were treated with acid, and the resultant yellow solid was recovered in ether and 
sublimed at 190°/20 mm. _ A solution of the sublimate in benzene was treated with dry hydrogen 
chloride causing precipitation of a hydrochloride. This was hydrolysed by hot ethanol from 
which 9-hydroxyperinaphthen-1-one crystallised as yellow plates (1 g.), m. p. 199—200° (Found : 
C, 79:4; H, 4-2. Calc. for C,3;3H,O,: C, 79-5; H, 4:1%). (6) A mixture of the dihydro-com- 
pound (IX; cf. below) (0-05 g.) and palladised charcoal (0-02 g.; 20%) was heated (45 min.) at 
180°; the foregoing compound (VIII), m. p. and mixed m. p. 200°, was recovered in methanol. 

9-Hydroxyperinaphthen-]-one had light absorption in ethanol: A,,,x, 4400, 4300, 4150, 3500, 
2650, 2350 A: log ¢ 4:08, 3°87, 3-95, 4:25, 3-95, 4-4. It gave a deep red-brown colour with 
ferric chloride in ethanol and was recovered unchanged from treatment with: acetic anhydride— 
sulphuric acid; diazomethane in ether or ether-methanol; methyl toluene-p-sulphonate and 
potassium carbonate in boiling nitrobenzene; methyl sulphate (on the sodium salt) in boiling 
xylene; and hydroxylamine in boiling ethanol. When added to fuming nitric acid (5 c.c.; 
d, 1-51) or heated (10 min. at 100°) with concentrated nitric acid (5 c.c.; d, 1-42) it (0-5 g.) 
yielded a nitvo-derivative, m. p. 235° (decomp.) (from acetic acid) (Found: C, 64:6; H, 3-2; 
N, 6-1. C,,;H,O,N requires C, 64-7; H, 2-9; N, 5-8%) and, when brominated in cold acetic 
acid, afforded a bromo-derivative, m. p. 184—186° (from acetic acid) (Found: C, 56-5; H, 2-7; 
Br, 29-0. C,,H,O,Br requires C, 56-7; H, 2:6; Br, 29-1%). 

2 : 3-Dihydro-9-hydroxyperinaphthen-l-one (IX).—(a) The benzene filtrate from the prepar- 
ation of (VIII) (a, above) was washed with aqueous sodium carbonate and then with water, 
dried, and concentrated im vacuo. The resultant solid afforded the dihydro-compound (IX) as 
stout, straw-coloured needles (0:4 g.), m. p. 137—138° (from methanol) (Found: C, 78-7; 
H, 5:2. Cy3H,)O, requires C, 78-8; H, 5:1%). (b) The same compound was obtained, m. p. 
and mixed m. p. 137°, when (VIII) was hydrogenated (4 hr.) over palladium-black in acetic 
acid. 2: 3-Dihydro-9-hydroxyperinaphthen-l-one had light absorption in ethanol: Apax, 
3625, 3225, 2400, 2225A; log ¢ 3-76, 3-8, 4:16, 4:67. With ferric chloride in ethanol it gave a 
red-brown colour which gradually became green. It afforded a 2: 4-dinitrophenylhydrazone 
as red needles, m. p. 265—-266° (decomp.) (from benzene) (Found: C, 60-5; H, 3-5; N, 14-7. 
C,,H,,0;N, requires C, 60-3; H, 3-7; N, 14:8%). When its solution in acetic anhydride was 
treated with a drop of concentrated sulphuric acid and heated just to boiling, then cooled and 
diluted with water, the acetate was obtained, m. p. 104—105° (from methanol) (Found: C, 
74:8; H, 5-1. C,;H,,0, requires C, 75:0; H, 50%). Attempts to prepare the methyl ether 
yielded neutral gums which did not crystallise. 

4-Hydroxyperinaphthen-l-one (X).—3: 4-Dihydro-5 : 6-benzocoumarin (1 g.) (Hardman, 
J. Amer. Chem. Soc., 1948, 70, 2119) was fused (10 min.) with aluminium chloride (1-35 g.) at 
140—145°. The recovered phenolic gum was heated (4 hr.) with palladised charcoal (0-1 g. ; 
20%) in trichlorobenzene. The product, recovered in alkali and precipitated by acid, afforded 
4-hydroxyperinaphthen-1-one as orange needles (0-3 g.), m. p. 266—267° (from ethanol; charcoal) 
(Found: C, 79-5; H, 4:1. C,,H,O, requires C, 79-6; H, 4:1%. Microhydrogenation with 
palladium in acetic acid indicated 0-94 double bond). Light absorption in ethanol: Amax. 
4225, 3375, 3200, 2625 A; log « 4-12, 3-52, 3-50, 4-43. The compound gave a red-brown colour 
with ferric chloride in ethanol; afforded an acetate, m. p. 120° (from aqueous acetic acid) (Found : 
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C, 75-4; H, 4:4. C,;H,,0, requires C, 75-6; H, 4:25%), and a methyl ether, m. p. 53° (from 
ethanol—water) (Found: C, 79-8; H, 4:8. C,,H,,O, requires C, 79-9; H, 4:8%), and reacted 
with 2 : 4-dinitrophenylhydrazine although a crystalline product was not obtained. 

8-Hydroxyacenaphthenone.—4 : 5-Benzocoumaranone (0-9 g.) (Ingham, Stephen, and Timpe, 
J., 1931, 895) was fused with aluminium chloride (1-4 g.) at 180—190° (1 hr.) affording in poor 
yield 8-hydroxyacenaphthenone as pale-yellow crystals, m. p. 156—157° (from ethanol; charcoal) 
(Found: C, 78-3; H, 4:3. C,,H,O, requires C, 78-3; H, 4:4%). It gave an intense green 
colour with ferric chloride in ethanol. 


Our thanks are due to Professor J. W. Cook, F.R.S., for his interest in this work, and one of 
us (R. K. R.) is indebted to the Government of India and to the University of Glasgow for a 
Maintenance Allowance. 
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«8-Unsaturated Aldehydes and Related Compounds. Part VI.* 
Pyran Derivatives from «-Methylacraldehyde.t 
By R. H. HALt. 
[Reprint Order No. 5683.] 

Treatment of 2-alkoxymethyl-2 : 4-dimethylpentanedials with aliphatic 
alcohols in the presence of acids gave 2: 6-dialkoxy-3-alkoxymethyltetra- 
hydro-3 : 5-dimethylpyrans. The use of an activated clay as catalyst led 
to a 2-alkoxy-3-alkoxymethyl-3 : 4-dihydro-3 : 5-dimethylpyran, a probable 
intermediate in the production of the corresponding 2: 6-dialkoxytetra- 
hydro-compound. 


THE dialdehydes (I) derived from «-methylacraldehyde and aliphatic alcohols (Bewley, 
Hall, Howe, Lacey, and the Distillers Co., Ltd., B.P. 706,176) polymerised readily at 
room temperature. An attempt was therefore made to convert them into stable acetals 
by treating them with alcohols in the presence of acid catalysts. The compounds obtained, 
in high yields, were not the diacetals (II), however, but were derived from one mol. of 
the dialdehyde and two mols. of the alcohol with the elimination of one mol. of water. 
As they contained no aldehyde or hydroxyl groups and no ethylenic unsaturation they 
were formulated as 2: 6-dialkoxy-3-alkoxymethyltetrahydro-3 : 5-dimethylpyrans (III). 


Me 


a 
Me” \A CH,OR 


RO-CH,CMe(CHO)-CHyCHMe‘CHO —_RO-CH,-CMe-CH,*CHMe:CH(OR’) ( \ 
ROL JOR’ 


CH(OR’), 
(I) (II) (IIT) 

They were very stable compounds and, unlike 2 : 6-diethoxytetrahydropyran (Hall and 
Howe, J., 1951, 2480), could not be induced to react with alcohols to give the diacetals 
(II). Attempts to regenerate the original dialdehydes by acid hydrolysis resulted in a 
slow reaction leading to gross decomposition; any a-methylacraldehyde set free was 
presumably hydrated to hydroxyaldehydes in the strongly acid medium since none was 
recovered from the hydrolysate. 

When the reaction between the dialdehyde (1; R = Me) and methanol was catalysed 
by an activated clay, the product was lower-boiling than the compound (III; R = R’ = 
Me) and was derived from one mol. each of dialdehyde and alcohol with elimination of 
one mol. of water. It was unsaturated, absorbed one mol. of hydrogen on catalytic 
hydrogenation, did not contain any aldehyde or hydroxyl groups, and on treatment with 
methanolic hydrogen chloride readily yielded the pyran*(III; R= R’ = Me). It was 
therefore formulated as 3: 4-dihydro-2-methoxy-3-methoxymethyl-3 : 5-dimethylpyran 
(IV) and its hydrogenation product as tetrahydro-2-methoxy-3-methoxymethyl-3 : 5- 
dimethylpyran (V). , 

The dihydropyran (IV) represents an interesting intermediate stage to the 2: 6- 

* Part V, J., 1954, 3388. t B.P. Appl. 19,145/50 describes part of this work. 
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dimethoxy-compound (III; R= R’ = Me), the mild catalyst used evidently not being 
sufficiently acidic to function as catalyst for the addition of a second mol. of methanol. 


MeOH Me/ Pane MeOH 
(I; R=Me) ——»y» ** Yj CHsrOMe ——» (III; R = R’ = Me) 
(H+) ‘oO (H+) 


(IV) 


H, /Pt 


“Me 


Me | 
Me CH,-OR Me : CH,°OMe 
,/OMe 


0” 0% ; 


V1) (V) 

The dialdehydes (I; R = Me or Et) used required careful purification to free them 
from the close-boiling isomeric 8-lactones (VI) with which they were usually con- 
taminated in the crude state and into which they readily passed on treatment with 
alkaline reagents (cf. Smith and the Shell Development Co., U.S.P. 2,526,702; de Jong 
and the Shell Development Co., U.S.P. 2,576,901). 


EXPERIMENTAL 

2-Alkoxymethyl-2 : 4-dimethylpentanedials.—2-Methoxymethyl- and 2-ethoxymethyl-2 : 4- 
dimethylpentanedial were prepared from «-methylacraldehyde by the method of Bewley e¢ al. 
(loc. cit.). The methoxy-compound had b. p. 110°/12 mm., % 1-4457 (Found: C, 62-6; H, 
9-5. Calc. for C,H,,0,: C, 62:75; H, 9-35%); its bis-2 : 4-dinitrophenylhydrazone separated 
from ethyl] acetate in yellow flocks, m. p. 207° (Found : C, 47-35; H, 4-4; N, 21-6. C,,H,,0,N, 
requires C, 47-35; H, 4:55; N, 21-05%). The 2-ethoxymethyl compound had b. p. 117— 
119°/11 mm., n? 1-4424 (Found: C, 64-05, 64-2; H, 9-45, 9-6. Calc. for C,g)H,,0,: C, 64-5; 
H, 9-75%); its bis-2: 4-dinitrophenylhydrazone separated from ethyl acetate in yellowish- 
orange flocks, m. p. 169—170° (Found: C, 48-05; H, 4-65; N, 20-5. C,,H,,O,N, requires 
C, 48-35; H, 4:8; N, 20-5%). 

Both dialdehydes polymerised readily at room temperature. The freshly-distilled 2- 
methoxymethyl compound was shown by infra-red analysis to contain not more than 1—2% 
of the isomeric 8$-lactone. [An authentic specimen of the latter was prepared from the 
dialdehyde, essentially by the method of Smith and the Shell Development Co. (loc. cit.) ; 
it had a characteristic infra-red absorption peak at 1741 cm.“ (carbonyl group in a saturated 
8-lactone ring).] 

Reaction of the Dialdehydes with Aliphatic Alcohols.—The general method was as follows : 
A solution of the dialdehyde in the appropriate alcohol was mixed cautiously, at or below 
room temperature, with a mixture of the acid catalyst and the alcohol, and the resultant 
mixture was kept (or stirred in the case of a solid catalyst) either at or above room temperature 
for some hours. In certain cases when the mixture was refluxed some benzene was added 
in order to entrain the water of reaction, the still being fitted with a phase-separating still-head 
which enabled the aqueous phase in the distillate to be decanted continuously while the oil 
phase was returned to the column. The quantities of reagents employed, etc., are summarised 
in Table 1. 

In every case where a soluble catalyst was employed the final reaction product was made 
slightly alkaline by the addition of a slight excess of suitable base, e.g., the appropriate sodium 
alkoxide dissolved in the corresponding alcohol, or a salt such as sodium acetate. Where a 
solid, insoluble, catalyst had been employed (e.g., fuller’s earth) the reaction product was 
merely filtered. In experiment 5 (Table 1) the reaction mixture was finally evaporated in 
vacuo to remove most of the methanol, and the product was isolated with ether. In all cases 
the final product was fractionated carefully to recover the cyclic ether. The physical constants 
and analytical results for these ethers are summarised in Table 2. 

Treatment of 3: 4-Dihydro-2-methoxy-3-methoxymethyl-3 : 5-dimethylpyran with Methanol.— 
A solution of the dihydropyran (18-6 g.) in methanol (30 ml.) was stirred and cooled (in ice) 
while methanolic hydrogen chloride (10 ml.; 2-08% w/v) was added dropwise. The mixture 
was kept at room temperature for some days, made alkaline with sodium methoxide (from 
0-2 g. of sodium) dissolved in methanol (ca. 5 ml.), and fractionated to give tetrahydro-2 : 6- 
dimethoxy-3-methoxymethyl-3 : 5-dimethylpyran (15-95 g.; 73% yield), b. p. 100—102°/9 mm., 
nz) 1-4398, identical with that obtained above (see Table 2). 
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TABLE 1. Reaction of 2-alkoxymethyl-2 : 4-dimethylpentanedials 
[RO-CH,*CMe(CHO)-CH,*CHMe-CHO] with alcohols (R‘OH). 
Dialdehyde Alcohol Catalyst Temp. Product * 
g. R’ , Nature ; Initial Final Wt.,g. Yield, % Notes 
Me _ 129 Me , : 141-5 
43:0 ,, .9.A. ‘ 41-2 
57-0 ‘.E. 5 27:'8 
43-0 34-3 
57-4 0 
86-0 102-3 
86-0 119-2 
129-2 155-1 
43-0 45-5 
43-0 29-7 
43-0 53-1 
43-0 C,H,,Et-2 0 
43-0 44 rn 19-1 
28-7 * 130 F.E.t 24-2 
74:0 Me 128 HCl < 76-0 — 
93-0 Et 232 ee ‘i reflux 110-0 D (200) 
* Unless otherwise specified the products were 2: 6-dialkoxy-3-alkoxymethyltetrahydro-3 : 5-di- 
methylpyrans (see Table 2 for constants, etc.). 
{ Toluene-p-sulphonic acid. ¢ Fuller’s earth (Fullers’ Earth Union Ltd., No. 237). 


Notes: A. Product gave negative tests for unsaturation (bromine in carbon tetrachloride, aqueous 
permanganate), active hydrogen (Zerewitinoff), and aldehyde function (Schiff’s reagent and Tollens’s 
reagent), and its infra-red absorption spectrum contained no bands due to hydroxyl, carbonyl, or 
aldehyde groups. 3B. Product was 3 : 4-dihydro-2-methoxy-3-methoxymethyl-3 : 5-dimethylpyran, b. p. 
78—79°/9 mm., n2° 1-4488 (Found : C, 64-9, 64-9; H, 9-9, 10-0. C,,H,,0, requires C, 64-5; H, 9-75%). 
It gave positive tests for unsaturation (bromine in carbon tetrachloride, aqueous permanganate), 
negative tests for active hydrogen (Zerewitinoff) and aldehyde function (Schiff’s reagent and Tollens’s 
reagent), and absorbed 1-0 mol. of hydrogen on catalytic hydrogenation in glacial acetic acid over 
Adams’s catalyst at room temperature and pressure (see below). Its infra-red absorption spectrum 
indicated that it contained no hydroxyl groups and that a carbonyl or aldehyde group was very 
doubtful; a peak at 1681 cm.! was tentatively assigned to an a«f-unsaturated ether group. C. Un- 
changed material (47-35 g.) recovered. D. Benzene (vol. in ml. given in parentheses) added before 
refluxing began in order to entrain water of reaction. 
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TABLE 2. Substituted tetrahydro-3 : 5-dimethylpyrans. 
Found, % Reqd., % [rR]? 
Substituents B. p./mm. nz d?° Formula Cc H Cc H_ Found Calc. 
2 : 6-Dimethoxy-3- 102°/10 1-4400 1-0053 C,,H,0,% 60-9 ‘2 60-5 10-15 57-22 57-37 
methoxymethyl- 
2: 6-Diethoxy-3- 116°/11 1:4359 0-9655 C,;H,,O,’ 63-35 10-65 63-4 10-65 66-61 66-70 
methoxymethyl- 63-5 
3-Methoxymethyl- 122—124°/ 1-4335— — (C,;H3,0O, 66-0 0 65-65 11:05 — _ 
2 :6-diisopropoxy-* 11-5 1-4357 * 65-6 : 
2 : 6-Di-n-butoxy-3- 154°/9 1-4412 Cyz7HygO, = 67-65 11-25 67-5 = 11-35 
methoxymethyl- 
2 : 6-Di-2’-ethyl- 214—215°/ = 1-4505 C,,H,,O, 72:9 
hexyloxy-3-meth- 15 
oxymethyl- 
3-Ethoxymethyl- 109°/10 1:4387 0-9872 C,,HO,° 62-4 ‘55 62:05 10-4 61-86 61-99 
2 : 6-dimethoxy- 
2 : 6-Diethoxy-3- 121°/10 14345 0-9509 C,,4H,,0,% 64-5 . 64:6 10-85 71:22 71-38 
ethoxymethyl- 64-7 
* Attempts to purify this further by stirring it with aqueous 2N-sodium hydroxide at 80—100° 
for 2 hr., or by boiling it with isopropanol containing anhydrous hydrogen chloride whilst removing 
any water present as the water-isopropanol azeotrope, were unavailing, the recovered material in 
each case showing the same spread of refractive index. The analytical results given are for fractions 
at the extremes of the refractive-index range. The infra-red absorption spectra of the fractions were 
very similar and were consistent with the view that stereoisomers were present. 
* Found: M, 212. Requires M, 218. ° Found: M, 235. Requires M, 246. * Found: M, 
226. Requires M, 232. ¢ Found: M, 256. Requires M, 260. 


Hydrogenation of 3: 4-Dihydro-2-methoxy-3-methoxymethyl-3 : 5-dimethylpyran.—The di- 
hydropyran (15-0 g.), dissolved in glacial acetic acid (50 ml.), was hydrogenated at atmospheric 
pressure and temperature over Adams’s platinum oxide catalyst (0-6 g.). 1-0 mol. of hydrogen 
was rapidly absorbed; hydrogenation then almost ceased. Isolation of the product by 
filtration followed by distillation afforded tetrahydro-2-methoxy-3-methoxymethyl-3 : 5-dimethyl- 
pyran (11-0 g.; 72%), b. p. 86—87°/10 mm., n? 1-4398 (Found: C, 64-1, 64-05; H, 10-75, 
10-9. CygH gO, requires C, 63-8; H, 10-7%). 
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Hydrolysis of Tetrahydro-2 : 6-dimethoxy-3-methoxymethyl-3 : 5-dimethylpyran.—A mixture of 
the tetrahydropyran (50 g.), methanol (75 ml.), and aqueous 5n-hydrochloric acid (100 ml.) 
was refluxed for 5 hr., and then cooled, and the product isolated with ether. The ether extract 
was washed in turn with water, aqueous sodium hydrogen carbonate solution, and then water, 
and finally dried (Na,SO,). Fractionation of the solution afforded unchanged material 
(31-65 g.; 63%), but no 2-methoxymethyl-2 : 4-dimethylpentanedial or «-methylacraldehyde 
was obtained. 


The author is indebted to Mr. A. R. Philpotts for the determination of absorption spectra, 
to Mr. D. A. Burch for assistance with the experimental work, and to the Directors of the 
Distillers Co., Ltd. for permission to publish this paper. 


THE DistTILLERS Co., Ltp., RESEARCH AND DEVELOPMENT DEPT., 
GREAT BuRGH, Epsom, SURREY. [Received, August 26th, 1954.] 


Intramolecular Acylation. Part V.* Preparation and Ring Closure of 
Some Methoxy-\-naphthyl-acetic, -propionic, -butyric, and -«-ethyl- 
glutaric Acids. 

By A. L. GREEN and D. H. Hey. 
[Reprint Order No. 5522.] 


Thirteen 1-naphthyl-substituted aliphatic acids, containing a methoxyl 
group in the 4-, 5-, 6-, or 7-position in the naphthalene nucleus, have been sub- 
jected to the influence of a number of cyclising agents, either by cyclodehydr- 
ation of the free acids or by cyclodehydrohalogenation of the acid chlorides. 
The constitutions of the cyclic ketones thus obtained have been established by 
the use of chemical methods and ultra-violet spectroscopy. In the series of 
acids under investigation the presence of a methoxyl group at the 5- or 7- 
position in the naphthalene nucleus assists cyclisation at the 8-position but 
with the methoxyl group at the 6-position there appears to be no activation 
at the 8-position and reaction takes place at the 2-position. With all the 
«-2-(methoxy-l-naphthyl)ethylglutaric acids, ring closure at the 8-position 
is inhibited. The ultra-violet spectra of the cyclic ketones have been com- 
pared with those of compounds of known structure, and the effects on the 
spectra of the positions of the substituents and their steric interactions are 
discussed. 


In Part II (Ansell and Hey, /., 1950, 2874) the cyclisation of a number of «-substituted 
glutaric acids R*CH(CO,H)-CH,°CH,°CO,H, R:°CH,*CH(CO,H)-CH,°CH,°CO,H, and 
R-CH,*°CH,°CH(CO,H)-CH,°CH,°CO,H, in which R is phenyl or «- or $-naphthyl, was 
described. Later (Part III, J., 1953, 1894) similar methods were applied to the three 
a-methoxyphenylglutaric acids. The present communication extends this work to include 
the preparation and ring closure of four «-2-(methoxy-1l-naphthyl)ethylglutaric acids and 
for purposes of comparison similar reactions were carried out on a number of methoxy-1- 
naphthyl-acetic, -propionic, and -butyric acids. Thirteen 1-naphthyl-substituted aliphatic 
acids, containing a methoxy] group in the 4-, 5-, 6-, or 7-position in the naphthalene nucleus, 
have been prepared. Of these, five are new, while of the remainder a number have been 
prepared by new methods or by old methods in improved yield. 
4-Methoxy-l-naphthylacetic acid has been prepared in a new way, by means of the 
Kindler modification of the Willgerodt reaction. 5-, 6-, and 7-Methoxy-1-naphthylacetic 
acid have been prepared from the appropriate methoxytetralones by the Reformatsky 
reaction with methyl bromoacetate and subsequent dehydration and dehydrogenation. 
This preparation of 5-methoxy-1l-naphthylacetic acid (I) is novel, but a preparation of the 
acid by another method has recently been reported by Ogata, Okano, and Kitamura (/. 
Org. Chem., 1951, 16, 1588). Their method does not lead to an unambiguous constitution 
but both methods give a product having substantially the same melting point. The pro- 
cedure adopted for the preparation of $-(5-methoxy-1-naphthyl)propionic acid (V) and the 
* Part IV, J., 1954, 1204. 
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corresponding 6-methoxy-compound (VII) involved the conversion of the appropriate 
methoxynaphthyl bromide (or iodide) into the 2-(methoxynaphthyl)ethanol, which was 
then converted successively into the bromide and the carboxylic acid by a Grignard reaction 
with carbon dioxide. In the Grignard reaction with ethylene oxide to obtain the 
2-(methoxynaphthyl)ethanol marked improvements in yield were obtained by the addition 
of a molecular proportion of ethyl bromide in the preparation of the Grignard reagent (cf. 
Grignard, Compt. rend., 1934, 198, 625, 2217; Cohen, Cook, and Hewett, /., 1935, 445). 
The isomeric $-(7-methoxy-1-naphthyl)propionic acid (IX) was prepared from the accessible 
7-methoxytetral-l-one by means of Haberland and Heinrich’s modification of the Refor- 
matsky reaction with ethyl 6-bromopropionate (Ber., 1939, 72, 1225). y-(4- and 5-Methoxy- 
l-naphthyl)butyric acids (XI) and (XIII) were prepared by published methods. 

Four «-2-(methoxy-l-naphthyl)ethylglutaric acids (XV, XVII, XIX, and XXI) were 
prepared by application of the general method previously reported (Ansell and Hey, /., 
1950, 1683). The appropriate methoxynaphthylethyl halide was converted into the corre- 
sponding 2-methoxynaphthylethylmalonic ester, which was condensed with acrylonitrile. 
The resulting cyanoethyl derivative was then subjected to hydrolysis and decarboxylation. 

The preparation of two y-methoxynaphthoylbutyric acids, required for comparative 
purposes, is also described. The action of glutaric anhydride on 2-methoxynaphthalene in 
the presence of aluminium chloride in nitrobenzene or tetrachloroethane gave a mixture of 
y-(6-methoxy-2-naphthoyl)- and y-(2-methoxy-l-naphthoyl)-butyric acid, the relative 
proportions depending on the solvent used. The identity of the products was established 
by oxidation to the known methoxynaphthoic acids. 
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The main methods used to effect the ring closure of the above acids were the application 
of polyphosphoric acid or 85°, sulphuric acid to the free acid, or of stannic chloride to the 
acid chloride. In a few cases ring closure was effected by the action of stannic chloride on 
the free acid, or of aluminium chloride on the acid chloride. The sulphuric acid method was 
satisfactory for the cyclisation of acids having a suitably activated position but, in the 
absence of such activation, the competing sulphonation became predominant. The poly- 
phosphoric acid method was carried out according to the general procedure of Snyder and 
Werber (J. Amer. Chem. Soc., 1950, 72, 2965) but under slightly milder conditions. Much 
higher temperatures (150—171°) have been recommended by Evans and Smith (J., 1954, 
798), whereas Koo (J. Amer. Chem. Soc., 1953, 75, 1891) favours lower temperatures. The 
action of stannic chloride on the acid chloride by the simplified procedure used by Wilds (<d7d., 
1942, 64, 1421) was found to be satisfactory with activated acids. 

a-Naphthylacetic acid was converted into acenaphthenone in approximately 40% yield 
by the polyphosphoric acid method. The sulphuric acid method gave only water-soluble 
products, while the use of aluminium chloride on the acid chloride by the “ inverse ”’ 
technique of Johnson and Glenn (ibid., 1949, 71, 1092) gave only a very small yield of 
acenaphthenone The cyclisation of several substituted naphthylacetic acids has already 
been reported. Using aluminium chloride on the acid chloride in benzene solution, Koelsch 
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and Richter (ibid., 1937, 59, 2165) obtained 2-phenylacenaphthenone from 1-naphthyl- 
phenylacetyl chloride and Bachmann and Sheehan (tbid., 1941, 63, 2598) obtained 3-ethyl- 
acenaphthenone from 2-ethyl-l-naphthylacetyl chloride. Using the same method but 
nitrobenzene as solvent, Mayer and Sieglitz (Ber., 1922, 55, 1835) obtained 5-bromoace- 
naphthenone from 4-bromo-l-naphthylacetyl chloride. It is now shown that 6- and 
8-methoxyacenaphthenone (II and IV) can be obtained from 5- and 7-methoxy-1-naphthyl- 
acetic acid (I and III) respectively in yields of about 50% and 30% by the polyphosphoric 
acid method. On the other hand, all the methods attempted failed with both 4- and 
6-methoxy-l-naphthylacetic acid. It is of interest to record that the successful reactions 
with polyphosphoric acid in this series gave a deep green translucent complex, whereas in 
the unsuccessful reactions the mixtures assumed an opaque blue-grey colour. The failure 
to obtain an acenaphthenone from 6-methoxy-l-naphthylacetic acid is not unexpected, 
because the feri-position will not be significantly activated (cf. de la Mare and Vernon, /., 
1951, 1764; Hey and Nagdy, /J., 1953, 1894). The failure with the 4-methoxy-acid is less 
easily understood, although Mayer and Sieglitz (loc. cit.) reported an abnormal reaction with 
@-(4-methoxy-1l-naphthyl)propionic acid. 

Many examples have been recorded of the conversion of 8-1-naphthylpropionic acids into 
perinaphthanones (Mayer and Sieglitz, loc. cit.; Fieser and Gates, J. Amer. Chem. Soc., 
1940, 62, 2335; Fieser and Novello, ibid., p. 1855; Klyne and Robinson, /., 1938, 1991 ; 
Badger, Carruthers, and Cook, J., 1949, 1768; Ansell and Hey, /., 1950, 2874; Ansell, /., 
1954, 575; Ansell and Berman, /., 1954, 1792). In some cases a perinaphthenone is formed 
by dehydrogenation and also the isomeric 4 : 5-benzindan-l-one. The cyclisation of 8-(5- 
methoxy-1l-naphthyl)- and $-(7-methoxy-1-naphthyl)-propionic acid (V and IX) gives rise 
to 7- and 9-methoxyperinaphthanone (VI and X) respectively. Cyclisation of the 
5-methoxy-acid takes place in 85% yield with sulphuric acid, and in 65—70% yield with 
polyphosphoric acid or stannic chloride. With the 7-methoxy-acid the yields were lower 
and the product was contaminated with gummy by-products. The constitution of 
7-methoxyperinaphthanone was established by its oxidation to 4-methoxynaphthalic 
anhydride and confirmed by its ultra-violet spectrum (see below). The constitution of the 
isomeric 9-methoxyperinaphthanone is similarly based upon its ultra-violet spectrum (see 
below). In the cyclisation of neither $-(5-methoxy-l-naphthyl)- nor §-(7-methoxy-1l- 
naphthyl)-propionic acid with polyphosphoric acid was any evidence of dehydrogenation 
to the perinaphthenone encountered ; on the other hand, in the cyclisation of 6-(2-methoxy- 
1-naphthyl)propionic acid with phosphoric oxide in benzene, Badger, Carruthers, and Cook 
(loc. cit.) obtained the dehydrogenated ketone as the main product. 

The cyclisation of $-(6-methoxy-l-naphthyl)propionic acid (VII) with polyphosphoric 
acid to give 3’-methoxy-4 : 5-benzindan-l-one (VIII) has been reported by Billeter and 
Miescher (Helv. Chim. Acta, 1946, 29, 859). This result has been confirmed and no evidence 
has been obtained of the formation of the isomeric 8-methoxyperinaphthanone by this or by 
the stannic chloride or the aluminium chloride method. The structure of the benzindanone 
was established by Billeter and Miescher by an alternative synthesis: its identity is now 
further confirmed by a comparison of its ultra-violet spectrum with those of related com- 
pounds (see below). The non-formation of the perinaphthanone is ascribed to the influence 
of the 6-methoxyl group which will have little influence on the 8-position but will slightly 
activate the 2-position. 

Formation of 1 : 2 : 3: 4-tetrahydro-9-methoxy-l-oxophenanthrene (XII) in good yield 
from y-(4-methoxy-l-naphthyl)butyric acid (XI) by the Friedel-Crafts method has been 
demonstrated both by Kon and Ruzicka (J., 1936, 187) and by Bachmann and Holmes (/. 
Amer. Chem. Soc., 1940, 62, 2753). This cyclisation has now been effected in about 50% 
yield by the sulphuric acid method, although this method has failed with the closely related 
y-p-methoxyphenylbutyric acid (Krollpfeiffer and Schafer, Ber., 1923, 56, 620). The 
cyclisation of the isomeric y-(5-methoxy-l-naphthyl)butyric acid (XIII) was studied by 
Kon and Ruzicka (loc. cit.) and Kon and Soper (J., 1939, 790), who obtained 8-methoxy- 
homoperinaphthanone (XIV) by the aluminium chloride method, but when the free acid 
was boiled with stannic chloride they obtained the isomeric 1 : 2:3: 4-tetrahydro-8- 
methoxy-l-oxophenanthrene. Lockett and Short (J., 1939, 787), however, reported that 
only the homoperinaphthanone was isolated in both reactions. In the present investigation 
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Lockett and Short’s results are confirmed in that only 8-methoxyhomoperinaphthanone 
(XIV) could be obtained by the stannic chloride method or by the sulphuric or polyphos- 
phoric acid method. In this reaction it appears that the activation of the peri-position 
produced by the 5-methoxy-group is just sufficient to overcome the greater difficulty of 
forming a 7-membered ring. 

Cyclisation of «-2-(4-methoxy-l-naphthyl)jethylglutaric acid (XV) by means of the 
sulphuric acid method gave a product regarded from its ultra-violet spectrum as 
6-(1:2:3:4-tetrahydro-9-methoxy-1-oxo-2-phenanthryl)propionic acid (XVI). The 
same product was obtained from the acid chloride and stannic chloride. This reaction 
therefore follows closely the behaviour of y-(4-methoxy-l-naphthyl)butyric acid (XI) 
reported above. Cyclisation of the isomeric 5-methoxy-acid (XVII), as with y-(5-methoxy- 
l-naphthyl)butyric acid (XIII), may give either a homoperinaphthanone or a tetrahydro- 
oxophenanthrene. The product obtained by three different methods of cyclisation was a 
mixture, but only one pure keto-acid, m. p. 157—158°, could be isolated although there was 
some evidence of the formation of a second, of m. p. 186°. The ultra-violet spectrum of the 
acid of m. p. 157—158° indicates that it is $-(1 : 2: 3 : 4-tetrahydro-8-methoxy-1l-oxo-2- 
phenanthryl)propionic acid (XVIII). This result is in contrast to thecyclisation of y-(5- 
methoxy-l-naphthyl)butyric acid (XIII) (above), which gave only the homoperinaphth- 
anone, but is in agreement with the cyclisation of «-1-naphthylmethylglutaric acid, which 
gave $-(1-oxo-4 : 5-benzindan-2-yl)propionic acid and not the expected perinaphthanone 
(Ansell and Hey, /J., 1950, 2874). 
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Cyclisation of «-2-(6-methoxy-l-naphthyl)ethylglutaric acid (XIX) by means of sul- 
phuric or polyphosphoric acid gave §-(1 : 2:3: 4-tetrahydro-7-methoxy-l-oxo-2-phen- 
anthryl)propionic acid (XX) in good yield and a similar result was obtained from the acid 
chloride on treatment with stannic chloride. This result is to be expected from the well- 
established cyclisation of y-(6-methoxy-1-naphthyl)butyric acid to 1 : 2 : 3 : 4-tetrahydro-7- 
methoxy-l-oxophenanthrene. The structure of the cyclisation product was confirmed by 
its ultra-violet spectrum (see below). In similar manner the cyclisation of «-2-(7-methoxy-l 
naphthyl)ethylglutaric acid (XXI) by means of the sulphuric acid method gave 
-(1 : 2:3: 4-tetrahydro-6-methoxy-l-oxo-2-phenanthryl)propionic acid (XXII), m. p. 
144°, in good yield. In one experiment only some evidence of the formation of a second 
compound, m. p. 192°, was obtained. The closely related cyclisation of y-(7-methoxy-1- 
naphthyl)butyric acid had given mainly 1 : 2: 3: 4-tetrahydro-6-methoxy-1-oxophenan- 
threne together with a little 10-methoxyhomoperinaphthanone (Bachmann and Horton, 
J. Amer. Chem. Soc., 1947, 69, 58). The constitution of the keto-acid, m. p. 144°, is based 
on its ultra-violet spectrum (see below). 

Ultra-violet Absorption Spectra.—The establishment of the identity of many of the cyclic 
ketones obtained in the above reactions was greatly assisted by the use of ultra-violet 
absorption spectra. Although no general guide was available by which the constitution of 
such compounds could be deduced directly from such measurements, it was possible to 
discern a clear differentiation between the spectra of isomeric compounds and points of 
similarity with those of known structures in model compounds. 

It has been shown by Ramart-Lucas and Hoch (Bull. Soc. chim., 1952, 422) that the 
ultra-violet spectra of 1 : 2 : 3 : 4-tetrahydro-1- and -4-oxophenanthrene are almost identical 
with those of 2- and 1-naphthaldehyde respectively. This seems to show that the methylene 
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groups in the reduced ring have no appreciable effect on the spectrum and that any naphth- 
alene derivative containing keto- and methoxy-groups in known positions should serve as 
suitable reference compounds. In order to make the similarity closer, compounds with a 
carboxy] group in the side-chain were desirable and the compounds chosen for this purpose 
were methoxynaphthoyl-propionic and -butyric acids. 

7-Methoxyperinaphthanone (V1). The ultra-violet absorption spectrum of this com- 
pound is similar to those of 6-methoxyacenaphthenone (II), 8-methoxyhomoperinaphthanone 
(XIV), and §-(4-methoxy-l-naphthoyl)propionic acid, which shows that no dehydro- 
genation has taken place (see Fig. 1). Comparison of these spectra brings to light some 
interesting points of fine structural detail which may be confirmed by the use of models. 
The precise positions and intensities of the absorption bands will be mainly dependent on 
(a) the extent of the conjugation between the keto-group and the naphthalene nucleus, 
which in turn will depend upon their coplanarity, and (0) the distortion of the naphthalene 
system by the strain produced by the formation of the alicyclic ring, which affects the 
hybridisation of the nuclear carbon atoms. These effects are best illustrated by consider- 
ation of the band of longest wave-length. 7-Methoxyperinaphthanone (VI), in which there 
is no ring strain and in which the keto-group is almost coplanar with the naphthalene ring, 
has the strongest absorption. The absorption maximum for 6-methoxyacenaphthenone 
(II) is at the same wave-length but is slightly weaker, the band showing some splitting. In 
this molecule the keto-group and the naphthalene nucleus are coplanar but the naphthalene 
ring system itself is distorted by the 5-membered ring. 8-Methoxyhomoperinaphthanone 
(XIV) absorbs less strongly and at shorter wave-length. The most stable configuration of 
the 7-membered ring is that with the keto-group at an angle of about 45° to the ring, but 
since the extent of conjugation depends on the cosine of the angle, considerable conjugation 
is still found. Coplanarity of the keto-group in $-(4-methoxy-1-naphthoyl)propionic acid 
is prevented by the steric hindrance of the peri-hydrogen atom, as a result of which the most 
stable configuration of the side chain will be that with the keto-group at a similar angle to 
the ring to that found in the homoperinaphthanone, and accordingly the spectra of these 
two compounds will be similar. If the keto-group were perpendicular to the nucleus the 
spectrum would be similar to that of y-(5-methoxy-l-naphthyl)butyric acid (XIII) and 
«-naphthol itself (Daglish, J. Amer. Chem. Soc., 1950, 72, 4859). 

9-Methoxyperinaphthanone (X). The ultra-violet spectrum shows a close similarity to 
that of 8-methoxyacenaphthenone (IV) (see Fig. 2). The spectrum of y-(2-methoxy-1- 
naphthoyl)butyric acid was also measured but it shows marked differences from those of the 
perinaphthanone and acenaphthenone. As in the case of $-(4-methoxy-1-naphthoyl)- 
propionic acid the keto-group is forced out of the plane of the naphthalene ring by the steric 
effect of the peri-hydrogen atom. With y-(2-methoxy-l-naphthoyl)butyric acid this effect 
is enhanced by the 2-methoxyl group, which interferes with the adjacent methylene group 
of the side chain so that the most stable configuration will be that in which the keto-group is 
about perpendicular to the ring. This spectrum resembles that of 8-naphthol (Daglish, 
loc. cit.). 

The 8-(tetrahydromethoxyoxophenanthryl)propionic acids (XVI, XVIII, XX, and XXII). 
The ultra-violet spectrum of §-(1 : 2:3: 4-tetrahydro-9-methoxy-1-oxo-2-phenanthry]l)- 
propionic acid (XVI) shows a close similarity to that of 1 : 2 : 3 : 4-tetrahydro-9-methoxy-1- 
oxophenanthrene (see Fig. 3). The spectrum of the isomeric 6-(1 : 2 : 3 : 4-tetrahydro-8- 
methoxy-1-oxo-2-phenanthryl)propionic acid (X VIII) shows marked differences from that of 
8-methoxyhomoperinaphthanone (XIV) but closely resembles that of the 9-methoxy-acid 
above, both being derivatives of B-acylnaphthalene containing an «-methoxyl group not 
actively conjugated with the ketone (see Figs. 1 and 3). The ultra-violet spectrum of 
6-(1 : 2: 3: 4-tetrahydro-7-methoxy-1l-oxo-2-phenanthryl)propionic acid (XX) resembles 
those of y-(6-methoxy-2-naphthoyl)butyric acid, 3’-methoxy-4 : 5-benzindan-l-one (VIII) 
(see Fig. 4) and 1: 2: 3: 4-tetrahydro-7-methoxy-2-methyl-l-oxophenanthrene (cf. Wilds 
et al., J. Amer. Chem. Soc., 1947, 69, 1982). The absorption of longest wave-length is 
weaker in the two tetrahydrophenanthrenes, but models show that the keto-group in these 
molecules is at a small angle to the naphthalene ring, and not coplanar as in the other two 
compounds, The existence of keto—lactol tautomerism in 8-keto-acids has been suggested 
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by Kon, Stevenson, and Thorpe (/J., 1922, 121, 651) but its existence in $-(1: 2:3: 4- 
tetrahydro-7-methoxy-1-oxo-2-phenanthryl) propionic acid (XX) is extremely doubtful both 
from considerations of bond energies and from the fact that it is the keto-form which is 
stabilised by resonance with the naphthalene ring. This is confirmed by the ultra-violet 
spectrum of its methyl ester, which is almost identical with that of the free acid (see Fig. 4). 

The ultra-violet spectrum of 8-(1 : 2 : 3 : 4-tetrahydro-6-methoxy-1-oxo-2-phenanthry]l)- 
propionic acid (XXII) shows large differences in the positions and intensities of the absorp- 
tion maxima from those of 8-methoxyacenaphthenone (IV) and 9-methoxyperinaphthanone 
(X), although it is similar in shape (see Fig. 2). These differences are not compatible with a 
homoperinaphthanone structure, but the spectrum is not inconsistent with a tetrahydro-1- 
oxophenanthrene structure, which would show the three $-acylnaphthalene bands with 
approximately the same wave-lengths and intensities found, the 6-methoxyl group being in 
an inactive position {cf. B-[1 : 2: 3 : 4-tetrahydro-8(and 9)-methoxy-l-oxo-2-phenanthry]l]- 
propionic acid; Fig. 3}. 

EXPERIMENTAL 
Preparation of the acids. 


4-Methoxy-1-naphthylacetic Acid.—1-Acety]-4-methoxynaphthalene (Buu-Hoi and Cagniant, 
Rec. Trav. chim., 1945, 64, 216) was converted into 4-methoxy-1-naphthylthioacetomorpholide, 
m. p. 166—167° (after repeated extraction with boiling ethanol and treatment with charcoal), by 
the method used by Carmack and Spielman (‘‘ Organic Reactions,’ Wiley, New York, 1946, 
Vol. III, p. 97) for the preparation of 1-naphthylthioacetomorpholide. The methoxynaphthyl- 
thioacetomorpholide (2 g.) was boiled under reflux for 5 hr. with glacial acetic acid (4 c.c.), water 
(0-8 c.c.), and sulphuric acid (0-6 c.c.), then cooled and diluted with water. Crystallisation of the 
precipitate (0-6 g.; m. p. 200—203°) from water gave 4-hydroxy-1l-naphthylacetic acid in plates, 
m. p. 202—204° with slight decomp. (Found: C, 70-8; H,4-9. Calc. for C,,H,,0,: C, 71-3; H, 
4-9%). Ogata, Okano, and Kitamura (J. Org. Chem., 1951, 16, 1588) recorded m. p. 192—194° for 
this acid prepared by another method. A suspension of 4-methoxy-1-naphthylthioacetomorpholide 
(2 g.) with water (2-5c.c.),ethanol (2-5 c.c.), and potassium hydroxide (2 g.) was boiled under reflux 
for 24 hr., during which three portions of water (1 c.c.) and ethanol (1 c.c.) were added to main- 
tain a constant volume. The solution was diluted with water, washed with ether, boiled 
with charcoal, filtered, cooled, and acidified. Crystallisation of the precipitate from water gave 
4-methoxy-1-naphthylacetic acid (0-7 g.) in needles, m. p. 147—-148°. Mauthner (J. pr. Chem., 
1917, 95, 60) recorded m. p. 144—145° for this acid prepared by another method. 

5-Methoxy-1-naphthylacetic Acid.—2-o-Methoxyphenylethanol, b. p. 98—-100°/0-05 mm., 
prepared as described by Hardegger, Redlich, and Gal (Helv. Chim. Acta, 1945, 28, 628), was 
converted into 2-o-methoxyphenylethyl bromide and thence into 2-0-methoxyphenylethyl- 
malonic acid, m. p. 137—139°, by the general method of Bachmann, Cole, and Wilds (J. Amer. 
Chem. Soc., 1940, 62, 824). Decarboxylation at 175° followed by distillation under reduced 
pressure gave y-o-methoxyphenylbutyric acid, b. p. 130—140°/0-03 mm., m. p. 39°, in almost 
quantitative yield." Hardegger, Redlich, and Gal (loc. cit.) recorded m. p. 39°. Cyclodehydra- 
tion of y-o-methoxyphenylbutyric acid to 5-methoxytetral-l-one, yellow needles, m. p. 88—89° 
[from light petroleum (b. p. 60—80°)], was carried out as described by Lockett and Short (/., 
1939, 787). To pure dry zinc foil (2 g.), activated by washing successively with dilute hydro- 
chloric acid, water, and acetone, were added 5-methoxytetralone (4-2 g.), ether (28c.c.), benzene 
(28 c.c.), methyl bromoacetate (2 c.c.), and a trace of iodine, and the mixture was boiled under 
reflux for 5hr. At four intervals of 45 min. further portions of activated zinc (2 g.) were added, 
and after 1} hr. more methyl bromoacetate (2¢c.c.). The mixture was then cooled, poured 
into water, and acidified with acetic acid. The product was extracted with benzene, and 
the extract was washed with dilute aqueous ammonia and then water. The residue obtained on 
evaporation of the solvent was boiled with 90°, formic acid (10 c.c.) for 20 min. After removal 
of formic acid in a current of air, the unsaturated ester was boiled for 4 hr. with water (15 c.c.) 
and methanol (15 c.c.) containing potassium hydroxide (3 g.). The solution was cooled, diluted, 
washed with ether, boiled with charcoal, filtered, cooled in ice, and acidified. Crystallisation 
from methanol of the solid which separated gave the unsaturated acid (3-5 g.) in needles, m. p. 
166—168°. Dehydrogenation by sulphur for 30 min. at 200—230° gave 5-methoxy-1-naphthy]l- 
acetic acid (60%) in needles, m. p. 195—196° (from aqueous methanol) (Found: C, 72-0; H, 
5-5. Calc. for C,;H,,0,: C, 72:2; H, 56%). Ogata, Okano, and Kitamura (loc. cit.) recorded 
m. p. 194—195° for this acid prepared by another method. 
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6-Methoxy-1-naphthylacetic Acid.—y-p-Methoxyphenylbutyric acid (Martin, op. cit., 1942, 
Vol. I, p. 167) was converted into 7-methoxytetral-l-one, m. p. 60—61°, in 85% yield and thence 
into 6-methoxytetralin, b. p. 125—135°/15 mm., in 71% yield by Thomas and Nathan’s method 
(J. Amer. Chem. Soc., 1948, 70, 331). Subsequent oxidation, as described by Burnop, Elliott, 
and Linstead (J., 1940, 727), gave 6-methoxytetral-l-one, m. p. 77-5—78-5°. Application of the 
Reformatsky reaction to this ketone (2-7 g.), as described above for the 5-methoxy-isomeride, 
gave the unsaturated acid (0-4 g.) which, as in the preceding example, was dehydrogenated with 
sulphur at 220—240°. 6-Methoxy-l-naphthylacetic acid was obtained in needles, m. p. 155— 
157°, from aqueous methanol. Haberland (Ber., 1936, 69, 1380) gave m. p. 155°. 

7-Methoxy-1-naphthylacetic Acid.—This acid, m. p. 153—154°, was prepared from 7-methoxy- 
tetral-l-one as described by Campbell and Todd (J. Amer. Chem. Soc., 1942, 64, 928), but in the 
final dehydrogenation sulphur, as described by Haberland (loc. cit.), was found to be superior to 
chloranil. 

8-(5-Methoxy-1-naphthyl)propionic Acid.—1-Bromo-5-nitronaphthalene (Shoesmith and 
Rubli, J., 1927, 3104) was converted into 5-bromo-l-naphthylamine by Fries and Kohler’s 
method (Ber., 1924, 57, 504) and thence into 1-bromo-5-methoxynaphthalene as described by 
Hill, Short, and Stromberg (J., 1937, 1619). In addition, 1-iodo-5-methoxynaphthalene was 
prepared from 5-amino-1l-naphthol by Lockett and Short’s method (J., 1939, 789). A solution of 
1-bromo-5-methoxynaphthalene (23-5 g.) and ethyl bromide (7-6 c.c.) in dry ether (150 c.c.) was 
added during 1 hr. with stirring to magnesium turnings (4:9 g.)._ The mixture was boiled under 
reflux for 1 hr. and then cooled in ice and salt. With vigorous stirring, a solution of ethylene 
oxide (14 c.c.) in ether (25 c.c.) was added dropwise during 30 min. The mixture was stirred at 
0° for a further 30 min. and then left at room temperature overnight. After removal of the 
ether the residue was decomposed with ice and dilute hydrochloric acid. The product was 
extracted with ether, washed with water, and dried (CaCl,). Evaporation followed by distilla- 
tion under reduced pressure gave (i) methyl «-naphthyl ether (1 g.), b. p. 80—130°/0-3 mm., and 
(ii) 2-(5-methoxy-1l-naphthyl)ethyl alcohol, b. p. 154—156°/0-3 mm., which crystallised from 
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light petroleum (b. p. 60—-80°) in needles (16-5 g.), m. p. 55°. An identical product was obtained 
in similar yield from 1-iodo-5-methoxynaphthalene. Kon and Ruzicka (J., 1936, 187) recorded 
m. p. 53—54°. The alcohol was converted into 2-(5-methoxy-1l-naphthyl)ethyl bromide, b. p. 
130°/0-17 mm., m. p. 34°, by Kon and Ruzicka’s method (loc. cit.). A solution of 2-(5-methoxy- 
1-naphthyl)jethyl bromide (3-9 g.) and ethyl bromide (1-1 c.c.) in dry ether (30 c.c.) was added to 
magnesium (0-72 g.) and a trace of iodine. The mixture was boiled under reflux for 5 hr. and 
then cooled. The ether layer was poured rapidly on solid carbon dioxide (ca. 10 g.), and the 
mixture was allowed to attain room temperature during 2 hr. After decomposition with ice and 
dilute hydrochloric acid the product was extracted with ether, and the ethereal extract was 
washed with aqueous sodium hydroxide. Acidification of the alkaline solution precipitated 
B-(5-methoxy-1-naphthyl)propionic acid (2 g.), which crystallised from glacial acetic acid in 
plates, m. p. 183—184° (Found: C, 72:1; H, 6-3. C,,H,,O, requires C, 73-0; H, 6-1%). This 
acid appeared to retain a small trace of solvent in spite of prolonged standing im vacuo and 
heating inan air oven. Lin, Resuggan, Robinson, and Walker (/J., 1937, 70) reported a similar 
observation on the isomeric 6-methoxy-acid. 

8-(6-Methoxy-1-naphthyl)propionic Acid.—5-Acetamido-2-naphthol (Campbell, Laforge, and 
Campbell, J. Org. Chem., 1949, 14, 351) was converted successively into l-acetamido- and 
1-iodo-6-methoxynaphthalene as described by Wilds and Close (J. Amer. Chem. Soc., 1947, 69, 
3079). The iodo-compound (46 g.) and ethyl bromide (12-3 c.c.) in ether (300 c.c.) were added to 
magnesium turnings (7-9 g.), and subsequent reaction with ethylene oxide (25 c.c.) in ether (50 
c.c.), as described in the preceding preparation, gave (i) ethylene iodohydrin (ca. 10 g.), b. p. 
40° /0-1 mm., (ii) methyl 8-naphthyl ether (3 g.), b. p. 70—130°/0-1 mm., and (iii) 2-(6-methoxy-1- 
naphthyl)ethyl alcohol (23 g.), b. p. 160°/0-1 mm. The last was converted into 2-(6-methoxy- 
1-naphthyl)ethyl bromide (needles, m. p. 56—57°, from alcohol) as described by Cohen, Cook, and 
Hewett (/., 1935, 452). The bromide (3:47 g.) was converted by the method described in the 
previous example into 8-(6-methoxy-1l-naphthyl)propionic acid (1-8 g.), which separated from 
glacial acetic acid in plates, m. p. 159—160°. Lin, Resuggan, Robinson, and Walker (loc. cit.) 
recorded m. p. 159°, and Billeter and Miescher (Helv. Chim. Acta, 1946, 29, 865), m. p. 162° for 
this acid prepared by different methods. 

6-(7-Methoxy-1-naphthyl)propionic Acid.—A solution of 7-methoxytetral-l-one (10 g.) and 
ethyl 8-bromopropionate (10-3 g.) in sodium-dried toluene (100 c.c.) was boiled under reflux for 
3 hr. with magnesium turnings (1-4 g.) activated with iodine (cf. Haberland and Heinrich, Ber., 
1939, 72, 1225). The solution was cooled and decomposed with ice and dilute hydrochloric 
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acid. The toluene layer was separated and the aqueous layer was washed with ether. The 
combined extracts were washed with water, and the solvents were evaporated. The residual 
ester was hydrolysed by boiling it for 2 hr. with water (25 c.c.) and methanol (25 c.c.) containing 
potassium hydroxide (10 g.). The cooled solution was diluted and washed with ether, which 
removed unchanged 7-methoxytetral-l-one (1-5 g.). Acidification of the alkaline layer, pre- 
viously boiled with charcoal, gave an oil which on distillation at 180—190°/0-2 mm. gave the 
unsaturated acid (1-4 g.), m. p. 138—140° (plates from methanol—benzene). Dehydrogenation 
of the acid (0-11 g.) with sulphur (0-018 g.) at 220—240° for 30 min. gave §-(7-methoxy-l- 
naphthyl)propionic acid (0-06 g.) in plates, m. p. 158—160° (from aqueous methanol). Campbell 
and Todd (loc. cit.) recorded m. p. 162-5—164° for this acid, prepared by another method and 
after repeated crystallisation from ether—hexane. 

y-(4-Methoxy-1-naphthyl)butyric Acid.—This acid, m. p. 127°, was prepared from methyl 
a-naphthyl ether and succinic anhydride as described by Bachmann and Holmes (J. Amer. 
Chem. Soc., 1940, 62, 2750). 

y-(5-Methoxy-1-naphthyl) butyric Acid.—This acid, m. p. 141—142°, was prepared in improved 
yield from 2-(5-methoxy-1-naphthyl)ethyl bromide and ethyl malonate by Kon and Ruzicka’s 
method (loc. cit.), with the modified procedure used by Bachmann, Cole, and Wilds (J. Amer. Chem. 
Soc., 1940, 62, 825) for the 6-methoxy-acid. 

a-2-(4-Methoxy-1-naphthyl)ethylglutaric. Acid.—1-Bromo-4-methoxynaphthalene (Buu-Hoi, 
Annalen, 1944, 556, 1) (23-5 g.) was converted into 2-(4~-methoxy-1l-naphthyl)ethy] alcohol (13 g.) 
by means of a Grignard reaction with ethylene oxide (12 c.c.) and ethyl bromide (7-6 c.c.) as 
described above for the corresponding reaction with 1-bromo-5-methoxynaphthalene. Repeated 
crystallisation to constant m. p. from benzene-—light petroleum gave the alcohol in needles, m. p. 
74° (Found: C, 77-1; H, 7-0. Calc. for C,,H,,0,: C, 77-2; H, 69%). Kon and Ruzicka (loc. 
cit.) have reported m. p. 87° for this compound after repeated crystallisation. In a second pre- 
paration a melting point of 83° (after one recrystallisation) was obtained. The alcohol, m. p. 74°, 
was converted into 2-(4-methoxy-1l-naphthyl)ethyl bromide and thence into ethyl 2-(4-methoxy- 
1-naphthyl)ethylmalonate as described by Kon and Ruzicka (loc. cit.). Acrylonitrile (0-86 c.c.) 
was added dropwise toa stirred solution of ethyl 2-(4-methoxy-1-naphthyl)ethylmalonate (4-5 g.) 
and 30% methanolic potassium hydroxide (0-3 g.) in fert.-butyl alcohol (7 c.c.) at 30—35°. After 
the addition the solution was stirred at this temperature for 3 hr., after which it was diluted with 
water (10c.c.), neutralised with 2N-hydrochloric acid, and extracted with ether. Evaporation of 
the dried (MgSO,) extract left ethyl «-(2-cyanoethyl)-«-2-(4-methoxy-1-naphthyl)ethylmalonate 
as a viscous oil which was boiled under reflux for 2 hr. with potassium hydroxide (4-5 g.) in alcohol 
(5 c.c.) and water (4 c.c.). At the end of this time more water (4 c.c.) was added and boiling 
continued for 3 hr. The alcohol was removed by distillation and the solution was diluted and 
washed with ether. Acidification of the aqueous layer gave the free tricarboxylic acid, which 
was extracted with ether and dried (MgSO,). Evaporation of the ether left an oil, which 
was decarboxylated by heating it for 1 hr. in an oil-bath at 180—190°. The cooled product was 
boiled with water and extracted with ether. Evaporation left «-2-(4-methoxy-1-naphthyl)ethyl- 
glutaric acid (2-0 g.), which crystallised from ethylene chloride in needles, m. p. 137° (Found: C, 
67-9; H, 6-4. C,,H, 0; requires C, 68-3; H, 6-3%). 

a-2-(5-Methoxy-1-naphthyl)ethylglutaric Acid.—2-(5-Methoxy-1-naphthyl)ethyl bromide (4-5 
g.) and ethyl malonate (5 c.c.), by Kon and Ruzicka’s method (loc. cit.), gave ethyl 2-(5-methoxy- 
1-naphthyl)ethylmalonate (3-5 g.).. Subsequent reaction of this ester (2-0 g.) with acrylonitrile, 
as described for the corresponding 4-methoxy-isomeride above, followed by hydrolysis and 
decarboxylation, gave a-2-(5-methoxy-1-naphthyl)ethyiglutaric acid (0-7 g.), which separated from 
ethylene chloride in plates, m. p. 137° (Found : C, 68-4; H, 64%). 

«-2-(6-Methoxy-1-naphthyl)ethylglutarvic Acid.—In similar manner 2-(6-methoxy-1-naphthy])- 
ethyl bromide (14 g.) and ethyl malonate (15 c.c.) gave ethyl 2-(6-methoxy-1-naphthyl)ethyl- 
malonate (12 g.; b. p. 190—220°/0-05 mm.) (cf. Bachmann, Cole, and Wilds, Joc. cit.; Wilds and 
Close, J. Amer. Chem. Soc., 1947, 69, 3079), which in turn was converted into «-2-(6-methoxy- 
1-naphthyl)ethylglutaric acid (8 g.), which separated from ethylene chloride as a microcrystalline 
powder, m. p. 148—149° (Found: C, 67-8; H, 6-5%). 

a-2-(7-Methoxy-1-naphthyl)ethylglutaric Acid.—1-lodo-7-methoxynaphthalene (40 g.), prepared 
from 8-amino-2-naphthol by Bachmann and Horton’s method (J. Amer. Chem. Soc., 1947, 69, 58), 
was converted by a Grignard reaction with ethylene oxide (26 c.c.) in presence of ethyl bromide 
(10-8 c.c.), as described above, into 2-(7-methoxy-1l-naphthyl)ethyl alcohol (20-5 g.; m. p. 83°, 
from benzene-light petroleum). Conversion into the bromide (11 g.) and subsequent reactions 
with ethyl malonate and then with acrylonitrile, as in the preceding examples, gave «-2-(7- 
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methoxy-1-naphthyl)ethylglutaric acid (4-5 g.) in needles, m. p. 162°, from ethylene chloride 
(Found: C, 67-9; H, 6-4%). 

Action of Glutaric Anhydride on 2-Methoxynaphthalene (cf. Johnson, Jones, and Schneider, 
J. Amer. Chem. Soc., 1950, 72, 2395).—A solution of glutaric anhydride (12 g.; prepared by 
Fieser and Martin’s method, Org. Synth., Coll. Vol. II, p. 560, for succinic anhydride) in nitro- 
benzene (25 c.c.) was added dropwise during 1 hr. with vigorous stirring to 2-methoxynaphthalene 
(15-6 g.) and aluminium chloride (28 g.) ‘in nitrobenzene (100 c.c.), the whole being cooled in 
ice-salt. The resulting sludge was stirred for a further 10 min. and the flask was then fitted with 
a soda-lime guard-tube and kept in the refrigerator for 6 days. The complex was added to ice 
and dilute hydrochloric acid, and the nitrobenzene removed with steam. The solid residue was 
collected and extracted with aqueous sodium carbonate. The alkaline solution was shaken with 
charcoal, filtered, and cooled inice. Acidification with hydrochloric acid gave a mixture of acids 
(23 g.). Crystallisation from acetone gave y-(6-methoxy-2-naphthoyl)butyric acid (6-1 g.), m. p. 
176° (Found: C, 70-2; H, 5-8. C,gH,,0, requires C, 70-5; H, 5-8%). A further crop (1 g.) of 
the same acid was obtained on concentration of the mother-liquor. The residual acetone solu- 
tion (100 c.c.) was boiled under reflux for 5 hr. with methanol (100 c.c.) and a little sulphuric 
acid. The product was poured into water and extracted with ether, and the ether was 
evaporated from the dried (CaCl,) extract. The residual oil crystallised from alcohol, and the 
product (3 g.; m. p. 47—49°) was hydrolysed with boiling 2N-sodium hydroxide. Acidification 
of the cooled solution gave y-(2-methoxy-1-naphthoyl)butyric acid (2 g.), which crystallised from 
ethyl acetate—light petroleum (b. p. 80—100°) in needles, m. p. 108° (Found: C, 69-9; H, 5-8. 
C1gH,,O0, requires C, 70-5; H, 5-8%). In a similar reaction carried out with 2-methoxynaphth- 
alene (7-85 g.) and aluminium chloride (14 g.) in tetrachloroethane (50 c.c.) to which glutaric 
anhydride (6 g.) in nitrobenzene (20 c.c.) was added, the products were y-(6-methoxy-2-naph- 
thoyl)butyric acid (2 g.), m. p. 174—175°, and y-(2-methoxy-1-naphthoyl) butyric acid (5-5 g.), 
m. p. 108°. 

Oxidation of y-(2-Methoxy-1-naphthoyl) butyric A cid.—y-(2-Methoxy-1-naphthoyl) butyric acid 
(1 g.) was added to a cold solution of sodium hydroxide (3 g.) in water (50 c.c.) to which bromine 
(1 c.c.) had been added. After 12 hr. the solid was collected and boiled with water, and the 
aqueous solution acidified. Crystallisation of the precipitate from ethyl acetate-light petroleum 
(b. p. 80—100°) gave 2-methoxy-l-naphthoic acid in pale yellow plates, m. p. 175°. Short, 
Stromberg, and Wiles (J., 1936, 319) recorded m. p. 174—175°. 

Oxidation of y-(6-Methoxy-2-naphthoyl)butyric Acid.—In a similar manner y-(6-methoxy-2- 
naphthoyl) butyric acid gave 6-methoxy-2-naphthoic acid, which separated from ethyl acetate in 
needles, m. p. 195—196° (Found: C, 71-2; H, 5-0. Calc. for C,,H,,O,: C, 71-3; H, 5-0%). 
The same product was also obtained by oxidation of 8-(6-methoxy-2-naphthoyl)propionic acid, 
prepared by the method of Bachmann and Morin (J. Amer. Chem. Soc., 1944, 66, 553). Short, 
Stromberg, and Wiles (loc. cit.) have recorded m. p. 205° for 6-methoxy-2-naphthoic acid, and 
Fries and Schimmelschmidt (Beyv., 1925, 58, 2840) m. p. 209°, but our m. p. is in agreement with 
that reported by Price and Kaplan (J. Amer. Chem. Soc., 1944, 66, 477). The identity of the 
acid, m. p. 195—196°, is confirmed by the ultra-violet spectrum of the methoxynaphthoylbutyric 
acid from which it was derived. 


Ring closure experiments. 


Five methods of ring closure were used, namely (A) the action of polyphosphoric acid on the 
acid, (B) the action of 85% sulphuric acid on the acid, (C) the action of stannic chloride on the 
acid, (D) the action of aluminium chloride on the acid chloride, and (E) the action of stannic 
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* Pet = light petroleum (b. p. 60—80°). f In benzene in place of tetrachloroethane (see Johnson 
and Glenn, J. Amer. Chem. Soc., 1949, 71, 1092). t{ Temp. not above 70°. § Temp. not above 60°. 
4] Temp. not above 80°. 

* Graebe and Jequier (Joc. cit.). % For CysH,O,. ° For C,,H,,0,. ¢# For CygH,,0,. ¢ Billeter 
and Miescher (loc. cit.) recorded m. p. 133°. 4 Kon and Ruzicka (loc. cit.) recorded m. p. 98°. % Idem 
(ibid.) recorded m. p. 88—89°. 4 Oxidation with sodium dichromate in acetic acid, as described by 
Kon and Soper (loc. cit.) for 8-methoxyhomoperinaphthanone, gave 4-methoxynaphthalic anhydride, 
m. p. 257°. * The methyl ester, prepared with methanol-sulphuric acid, separated from methanol in 
plates, m. p. 103—104° (Found: C, 72:3; H, 6-7. C4 9H,O, requires C, 73-1; H, 64%). 4 Some 
evidence was obtained of the formation of a compound, m. p. 186°. * In one experiment evidence 
was obtained of the formation of a second compound, m. p. 192°. The main bulk of the product 
(0-6 g.) had m. p. 56—59°.  ™ Wt. of crude product. 
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chloride on the acid chloride. These methods are illustrated by the following five typical 
examples and the complete results of all the ring closures carried out are summarised in the Table. 

Method A. (For references see Evans and Smith, J., 1954, 798.) 1-Naphthylacetic acid 
(0-5 g.) was added to stirred polyphosphoric acid (5—10c.c.) at 60°. The temperature was slowly 
raised to 100° and maintained thereat for 30 min. Ice was added to the cooled mixture, which was 
then extracted with ether. The ethereal extract was washed with aqueous sodium hydroxide, 
then with water, and dried (Na,SO,). Evaporation of the solvent left crude acenaphthenone 
(0-18 g.), which separated from aqueous alcohol in pale yellow needles, m. p. 119—120°. Graebe 
and Jequier (Annalen, 1896, 290, 198) recorded m. p. 121°. Acidification of the alkaline washings 
gave only a trace of the unchanged acid. 

Method B. (For references see Johnson, Org. Reactions, Vol. II, p. 162 et seq.) 8-(5-Methoxy- 
1-naphthyl) propionic acid (0-45 g.) was added slowly to 85% sulphuric acid (10 c.c.) at O—5° with 
stirring. After 15 min. the temperature was slowly raised to 100° and maintained thereat 
until all the acid had dissolved. The cooled solution was poured on ice and extracted with 
ether, the ethereal extract being washed successively with aqueous sodium hydroxide and 
water and then dried (Na,SO,). Evaporation of the ether left 7-methoxyperinaphthanone (0-35 
g.), which crystallised from light petroleum (b. p. 60—80°) in yellow plates, m. p. 104—105° 
(Found: C, 79-2; H, 5:8. C,,H,,0, requires C, 79:2; H, 5-7%). 

Method C. (Cf. Kon and Soper, J., 1939, 790.) A suspension of y-(5-methoxy-1-naphthy])- 
butyric acid (0-5 g.) in sodium-dried toluene (1 c.c.) and stannic chloride (1 c.c.) was heated on a 
water-bath for 1 hr. The cooled product was decomposed with ice and hydrochloric acid and 
extracted with ether. The ethereal layer was washed with aqueous sodium hydroxide and water, 
and then dried (Na,SO,). Evaporation of the ether and toluene gave 8-methoxyhomoperi- 
naphthanone (0-15 g.), m. p. 87-—88° after recrystallisation from light petroleum (b. p. 60—80°). 
Kon and Ruzicka (loc. cit.) recorded m. p. 88—89°. Unchanged acid (0-15 g.) was recovered 
from the alkaline washings. 

Method D. (Cf. Haworth and Sheldrick, J., 1934, 1950.) To 5-methoxy-1-naphthylacetic 
acid (0-25 g.) in benzene (1 c.c.) was added phosphorus pentachloride (0-28 g.) and after 1 hr. 
the phosphorus oxychloride was removed by distillation with benzene (2 x 5c.c.) under reduced 
pressure. The residual acid chloride in tetrachloroethane (3 c.c.) was added to stirred aluminium 
chloride (0-2 g.) in the same solvent (3 c.c.) cooled in ice. After 3 hr. at 0O—5° the mixture was 
left at room temperature overnight. After addition of ice and dilute hydrochloric acid, the 
product was extracted with ether. The extract was washed successively with dilute hydro- 
chloric acid aqueous sodium hydrogen carbonate, and aqueous potassium hydroxide, after which 
the solvents, were removed by steam-distillation. The non-volatile residue was extracted with 
ether, and the extract dried (Na,SO,). Evaporation left crude 6-methoxyacenaphthenone (0-07 
g.), which crystallised from light petroleum (b. p. 60—80°) in needles, m. p. 143—144° (Found : 
C, 77-8; H, 4:9. C,,H,,O, requires C, 78-8; H, 5-05%). No acid was recovered from the 
bicarbonate washings, and no phenolic material from the potassium hydroxide washings. 

Method E. (Cf. Wilds, J. Amer. Chem. Soc., 1942, 64, 1421.) To a suspension of 6-(5- 
methoxy-1l-naphthyl)propionic acid (0-2 g.) in benzene (2 c.c.) was added phosphorus penta- 
chloride (0-16 g.) and after 30 min. the mixture was warmed to complete the formation of the 
acid chloride. ‘To this solution, cooled in ice, was added a chilled solution of stannic chloride 
(0-2 c.c.) in benzene (2c.c.). After 2 hr. the complex was decomposed with ice and hydrochloric 
acid, and the whole was extracted with ether. The ethereal extract was washed successively 
with aqueous sodium hydroxide and water. Evaporation of the solvent from the dried (Na,SO,) 
extract left 7-methoxyperinaphthanone (0-13 g.), which crystallised from light petroleum (b. p. 
60—80°) in yellow plates, m. p. 104—105°, identical with the compound prepared by method B 


above. 
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Reactions of Organic Azides. Part III.* The Synthesis of Phenanthridines 
by the Interaction of Fluoren-9-ols with Hydrazoic and Sulphuric Acids, 
and the Mechanism of the Rearrangement of the Intermediate Azides. 

By C. L. Arcus and M. M. Coomss. 
[Reprint Order No. 5558.] 


On reaction with hydrazoic and sulphuric acids, 2-, 3-, and 9-substituted 
fluoren-9-ols (also 9-benzylidenefluorene) yield phenanthridines. Evidence 
is presented that reaction proceeds by the formation and intramolecular 
rearrangement of a protonated azide. 

An unsymmetrically substituted fluorenol yields a mixture of two isomeric 
phenanthridines. The rates of migration of the two rings of the fluorenol are 
proportional to the yields of the resultant phenanthridines; the ratios of 
these yields have been found to be directly related to the capacities of the 
rings for electron-release at their point of attachment to C4). 

Reactions of phenanthridine-6- and -7-diazonium sulphates, and of 
7-hydroxyphenanthridine, and syntheses (other than via azides) of 2- and 
3-nitrophenanthridines, are recorded. 


Ir has been found (Part I *) that the interaction of fluoren-9-ol with hydrazoic acid in 
the presence of sulphuric acid yields phenanthridine. A number of substituted fluoren- 
9-ols have been prepared (J., 1954, 3977), and their conversion into phenanthridines by 
the above reaction is now reported (for a preliminary note see Chem. and Ind., 1953, 995). 
Results which bear on the reaction mechanism have been obtained by ascertaining the 
course of the reaction when groups of different electronic character are present as sub- 
stituents in the fluorenols. 


R OH 
‘Not 
2H,SO, 
H,O+ + 2HSO,- 


The reaction is carried out by addition of the fluorenol, with vigorous stirring at 25°, 
to a solution of hydrazoic acid in chloroform together with sulphuric acid. Reaction is 
considered (Part I) to proceed by the following mechanism: the fluorenol (I) reacts with 
the sulphuric acid to yield a carbonium ion (II); the latter combines with hydrazoic acid 
to give the proton-adduct of the azide (III), which rearranges with loss of nitrogen to 
yield the phenanthridinium ion (IV); electronic sharing between the carbon atom of the 
migrating ring and the CR-NH fragment is continuous during the rearrangement. 

2-, 3-, 6-, 7-Substituted Phenanthridines and their Orientation.—Six fluoren-9-ols (V), 
substituted in positions 2- or 3-, have been converted into phenanthridines; from a 


* The papers by Arcus and Mesley and by Arcus and Coombs (/., 1953, 178, 3698) are regarded as 
Parts I and II. 
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2-substituted fluorenol there can potentially arise a pair of phenanthridines substituted 
in positions 2 and 7 (VI and VII; Y = H) and a 3-substituted fluorenol similarly yields 
3- and 6-substituted phenanthridines (VI and VII; X =H). Each pair of isomers is 
formed by the rearrangement of a common precursor, the protonated azide (as III), 
whence the relative rates with which the substituted and unsubstituted rings migrate 
from bonding with Ci) to bonding with N is directly given by the ratio of the yields of 
the isomeric phenanthridines (VI) and (VII). The results obtained are summarised in 
the Table. 

The reaction with 2-nitrofluoren-9-ol gave a mixture of 2- and 7-nitrophenanthridines 
in high yield. Fractional crystallisation of this mixture yielded a principal product (A), 
m. p. 180°, and another, m. p. 159°, insmall amount. Nitrophenanthridines having each 
of these m. p.s are described in the literature as the 7-isomer: Ritchie (J. Proc. Roy. Soc. 
N.S.W., 1945, 78, 183) nitrated 10-acetyl-9 : 10-dihydrophenanthridine, and by “ oxidative 

hydrolysis’ of the 7-nitro-derivative (VIII) obtained 7-nitrophen- 
/ArN&c — anthridine having m. p. 178°. Caldwell and Walls (J., 1952, 2156) 
NO » i i YS isolated a nitrophenanthridine, m. p. 158°, from the mixture of 
earn isomers obtained by the nitration of phenanthridine. Ritchie had 
ro no definite proof of the orientation of his compound, but argued that 
it was probably the 7-isomer because 2-acetamidodiphenyl, under the same conditions of 
nitration, yields 2-acetamido-4’-nitrodiphenyl. On the other hand, Caldwell and Walls 
isolated 7-nitrophenanthridone on oxidation of their substance, and, from its reduction 
product, 7-aminophenanthridine identical with that obtained by an unambiguous 
synthetic route. Nevertheless, the results described below show that the substance, 
m. p. 159°, is a 1: 1 complex of 2- and 7-nitrophenanthridine, and that the compound 
A, m. p. 180°, is 7-nitrophenanthridine. It is concluded that Caldwell and Walls’s 
procedures for oxidation and reduction, together with subsequent purifications (no yields 
are stated), result in the preferential separation of, respectively, 7-nitrophenanthridone 
and 7-aminophenanthridine. 

(i) On oxidation with acid permanganate, the material A gave 7-nitrophenanthridone 
(60%); it was converted into 9-chloro-7-nitrophenanthridine. The product obtained by 
Caldwell and Walls had m. p. 285—305° (7.e., approximately that of the complex = 2- 
and 7 -nitrophen nanthridones discovered by Nunn, Schofield, and Theobald, /., 1952, 
2797); 7-nitrophenanthridone was isolated chromatographically from this Be 
(ii) Oxidation of the material A with alkaline permanganate gave no phthalic acid; the 
product was an unidentified nitrogen-containing acid. Huntress and Moore (J. Amer. 
Chem. Soc., 1927, 49, 1324) have shown that, under these conditions, 2-nitrophenanthridone 
yields phthalic acid. (iii) The material A, on reduction, yielded 7-aminophenanthridine 
(83°%), from which was prepared 7-ethoxycarbonylaminophenanthridine. (iv) When equal 
weights of 2-nitrophenanthridine (m. p. 196—197°, synthesis below) and of A (m. p. 180°) 
crystallised together from ethanol, the substance of m. p. 159° (88%) was obtained. 

A mixture of 3- and 6-nitrophenanthridine was obtained in good yield from the 
hydrazoic-sulphuric acid reaction with 3-nitrofluoren-9-ol. Fractional crystallisation 
yielded as principal product 6-nitrophenanthridine, which was orientated by reduction 
to the known 6-aminophenanthridine; 3-nitrophenanthridine, not completely freed from 
the 6-isomer, was also isolated, and was characterised by its m. p. when mixed with 
authentic 3-nitrophenanthridine (synthesis below). 

From the product of the reaction with 2-aminofluoren-9-ol, there was isolated only 
7-aminophenanthridine. 

The mixture of 2- and 7-methoxyphenanthridine obtained from the reaction with 
2-methoxyfluoren-9-ol was separated by fractional crystallisation. On demethylation, 
the isomer having m. p. 90° yielded 7-hydroxyphenanthridine, m. p. 282°, identical with 
that prepared (below) from the known 7-aminophenanthridine. The other methoxy- 
phenanthridine, m. p. 58°, and the hydroxyphenanthridine, m. p. 245°, derived from it, 
are, it is concluded, the 2-isomers. 

The reaction with 3-methoxyfluoren-9-ol gave 5% yields of base from which, by short- 
path distillation, a mixture of methoxyphenanthridines was obtained. The quantity was 
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insufficient to permit quantitative separation but they are probably 3- and 6-methoxy- 
phenanthridine. 
Fluorenol Total yield, %, of Phenanthridines Percentage of 
derivative phenanthridines formed total yield 
2-Nitro 92 
3-Nitro 88 


2-Amino 
2-Methoxy Ge et 
3-Methoxy (3- and 6-)Methoxy (not separated) 


; ' 2-Methyl 
2-Methyl { 7-Methyl 


3-Methyl 3-Methyl 
9-Phenyl 9-Phenyl 
9-Methyl 9-Methyl 
9-Benzyl 9-Benzyl 
9-Benzylidenefluorene g 9-Benzyl 


2- and 7-Methylphenanthridines were obtained in good yield from 2-methylfluoren- 
9-ol and were separated by fractional crystallisation of the mixture and of its picrate. 
The total yield of components separated by fractional crystallisation of the phenanthridines 
from 2-nitro-, 3-nitro-, and 2-methoxy-fluoren-9-ols was in each instance over 80%. The 
weights of 2- and 7-methylphenanthridine were comparatively small ; the relative proportions 
of these compounds in the original product were determined by the use of a mixed melting 
point curve of the pure isomers and found to be 53 : 47. 

Fractional crystallisation of the mixture of methylphenanthridines from the reaction 
with 3-methylfluoren-9-ol yielded only the principal product, 3-methylphenanthridine. 

9-Substituted Phenanthridines.—The fluorenols, above, are all secondary alcohols. It 
has been found (Part I) that triphenylmethanol, on reaction with hydrazoic and sulphuric 
acids as above, yields azidotriphenylmethane ; this azide, which is known to be exception- 
ally stable, undergoes no appreciable rearrangement under the conditions of the reaction. 
However, the related tertiary alcohol, 9-phenylfluoren-9-ol, gave 9-phenylphenanthridine 
in high yield, indicating the great tendency for ring expansion with 9-azidofluorenes. 

The reaction with 9-methylfluoren-9-0l gave 9-methylphenanthridine and, in con- 
siderable yield, a compound C,,H,,N; this formed a 1:1 picrate and is probably a 
methylfluorenylmethylphenanthridine. 

9-Benzylfluoren-9-ol yielded 9-benzylphenanthridine. The cation (IX), derived from 
9-benzylfluoren-9-ol (X), can also be formed by the addition of a proton to 9-benzyl- 
idenefluorene (XI) and this, on reaction with hydrazoic and sulphuric acids, gave 9-benzyl- 
phenanthridine, the yield not differing substantially from that given by 9-benzylfluoren-9-ol. 


Ph:CH Ph-CH 
i 


eels 
DK pire A Tres inegieN 
(X) ( X (XI) 


9-Benzylidene-2-nitrofluorene was not converted into a phenanthridine; presumably 
the —I effect of the nitro-group so constricts the x-electrons of the 9-double bond that 
protonation, leading to the formation of a carbonium ion, does not occur. 

Reaction Mechanism.—The formation of 9-benzylphenanthridine from both 9-benzyl- 
fluoren-9-ol and 9-benzylidenefluorene constitutes further evidence for the ionic mechanism. 

9-Azido-2-methoxyfluorene was readily prepared from 9-chloro-2-methoxyfluorene and 
sodium azide; it exists in three forms, melting at 44°, 56—58°, and 65—66° respectively. 
The azidofluorene was allowed to react with sulphuric acid under conditions simulating 
those of the hydrazoic-sulphuric acid reaction; there was obtained, in 54% yield, a 
mixture of 2- and 7-methoxyphenanthridines from which, by fractional crystallisation, the 
isomers were isolated in the ratio 34: 66. The similarity of this ratio to that found for 
the hydrazoic-sulphuric acid reaction with 2-methoxyfluoren-9-ol indicates that it is the 
proton-adduct of the azide, which may be formed both by combination of a carbonium 


— 


‘B 
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ion with hydrazoic acid and by direct protonation of an azide, which rearranges with loss 
of nitrogen to yield the phenanthridinium ion. 

When 9-chloro-2-nitrofluorene was heated with sodium azide in methanol (the method 
for the preparation of 9-azido-2-methoxyfluorene) 9-imino-2-nitrofluorene was obtained in 
high yield. It has been found (Part I) that 9-azidofluorene, on storage or on heating 
above its m. p. (45°), yields 9-iminofluorene, and the formation of 9-imino-2-nitrofluorene 
is attributed to a similar breakdown of the (unprotonated) azide under the conditions 
used for its preparation. 

For the Schmidt reaction with ketones, Smith and his co-workers (J. Amer. Chem. Soc., 
1948, 70, 320; 1950, 72, 2503, 3718) have proposed an oxime-like intermediate 
(XII), formed by the elimination of water from the adduct of hydrazoic acid 
and the protonated ketone. The preponderating isomer is that in which the 
group having the greater bulk in the neighbourhood of the C=N group is anti 
to the —N*iN group; nitrogen separates and this group, R, migrates. These authors 
proposed the mechanism in order to account for the following observations: (a) In the 
reaction with f-substituted and pf’-disubstituted benzophenones, the migratory aptitudes 
of all groups are approximately equal; the groups differed widely in electronic character, 
but had essentially the same bulk in the neighbourhood of the carbonyl group. () In 
a series of alkyl phenyl ketones, the relative extent of migration of the alkyl group increases 
in the order Me < Et < Pri < Bu’. Schlechter and Kirk (cbid., 1951, 78, 3087) found 
that, in general, the substituted carbon atom migrates preferentially during the reaction 
with 2-substituted cyclopentanones and cyclohexanones, a result which accords with 
Smith’s mechanism. However, there is no correlation of migratory aptitude with size 
for o-substituted phenyl (and related) groups in the Schmidt reaction with aryl phenyl 
ketones (Smith, 7bid., 1954, 76, 431; Badger, Howard, and Simons, /., 1952, 2849; Dice 
and Smith, J. Org. Chem., 1949, 14, 179). 

The mechanism above is inapplicable to the reaction with alcohols and olefins because 
the doubly-bonded intermediate (XII) cannot be formed by dehydration of, e.g., (III). 
There is no consistent relation between bulk and migratory aptitude for the rings in 2- 
and 3-substituted fluoren-9-ols : it is seen (Table) that in two instances the substituted 
and in four the unsubstituted ring migrates to the preponderating extent. 

Models show that the 2- and the 3-substituents used in the present work offer no 
steric hindrance to the free rotation of the -NH-N*:N group about the Cj—-N bond. It 
is considered that the —N*iN group is readily able to take up a configuration anti to the 
migrant group, which becomes attached to the nitrogen atom at the face opposite to that 
from which the N, molecule departs. This molecule incorporates the electrons of the 
N-N bond, and the migrating group functions as an electron donor. It is concluded 
(below) that the factor having the greatest influence on the migratory aptitudes of the 
rings is their capacity for electron-release at the point of attachment to Cg). 

For a number of f- and m-substituted phenyl groups in the reaction of 1 : 1-diaryl- 
ethylenes with hydrazoic and sulphuric acids : 

CH,:C(C,H,)*C,H,R tages C,H,R‘N:C(CH,):C,H, + C,H,*N:C(CH,)*C,H,R 
McEwen and Mehta (J. Amer. Chem. Soc., 1952, 74, 526) found the migratory apti- 
tude to be directly related to the electron-release of the group as measured by 
log (Ko,n,-00,n/Ko,u,n-co,n)- A similar relation has been found by Ege and Sherk (zbdid., 
1953, 75, 354) for the migratory aptitudes of -substituted phenyl groups during the 
acid-catalysed decomposition of 1 : 1-diarylazidoethanes. 

The results given in the Table have been correlated with the properties of the 
substituents in the fluoren-9-ols. The electronic characteristics of substituents in aromatic 
systems have been discussed by Ingold (‘‘ Structure and Mechanism in Organic Chemistry,” 
G. Bell and Sons Ltd., London, 1953, pp. 231—269, 738—743) ; the dissociation constants 
of acids quoted below are those selected by Dippy (Chem. Reviews, 1939, 25, 151). The 
permanent (J, M) effects appear to take part in the present reaction, as do the +E effects 
evoked at reaction time; —E effects would not be expected to arise during a reaction 
dependent on electron-release. With regard to the protonated azide derived from (V), a 


R-C-R’ 


N-N+iN 
(XIT) 
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substituent in position 3 is para to the bond from ring A to Cw) (abbreviated to A—Cy) 
hereafter) ; a conjugated system is therefore available for the transmission of tautomeric, 
as well as inductive, electron-displacements. No such system is available between position 
3 and B-Cw, and effects can be transmitted only inductively over this relatively long 
route. With the nitro-group (—J, —M) in the 3-position in fluoren-9-ol, the product is 
largely 6-nitrophenanthridine; when the methyl group (+/, and hyperconjugative 
electron-release) is in this position, the reaction yields mainly 3-methylphenanthridine ; 
it is thus the ring having the greater electron-release (respectively the unsubstituted and 
substituted ring) which migrates. 

A substituent in position 2 is meta to A-Cj, whence effects are relayed inductively to 

this bond; there is, however, a conjugated system (XIII) connecting 

if det X position 3 to B-Cy, whereby tautomeric electron-displacements may be 

BIOi a relayed to this point. The transmission of inductive effects may be less 

(XID effective, owing to the length of the system. Berliner and Blommers 

(J. Amer. Chem. Soc., 1951, 73, 2479) have concluded from a study of the 

dissociation constants of 4’-substituted diphenyl-4-carboxylic acids that electron-displace- 

ments are transmitted through this diphenyl system about one-third as effectively as 
from position 1 to position 4 in a benzene ring. 

The principal product from the reaction with 2-nitrofluoren-9-ol is 7-nitrophen- 
anthridine, the unsubstituted ring migrating. The dissociation constants of benzoic, 
m-nitrobenzoic, and p-nitrobenzoic acid, 6-27, 32-1, 37-6 x 10-5, respectively, indicate a 
large part of the electron-attraction of the nitro-group to be inductive, and, from the 
above result, this component appears to be more effectively exerted at A—Cyy) than it, 
together with the —M effect, is transmitted to B—Cy. 

The amino-group in 2-aminofluoren-9-ol will, in the presence of concentrated sulphuric 
acid, exist almost entirely as the ammonium ion, which exerts a considerable —I effect. 
The effect would be expected to constrict electrons to a greater extent at an adjacent 
meta-position than at the relatively remote B-Cjy, bond; the formation of 7-amino- 
phenanthridine as the sole isolated product is in accordance with the unsubstituted ring’s 
having the greater electron-release. 

The dissociation constants of m-toluic and #-toluic acid are 5-35 and 4-24 x 10°° 
respectively, whence, in 2-methylfluoren-9-ol, inductive electron-release is to be expected 
at A-Cy); further, the conjugated system (XIII) permits electron-release at B—Cy) by 
hyperconjugation (+M and +£) with the methyl group; 2- and 7-methylphenanthri- 
dines were formed in ratio 53:47, and it is inferred that the two routes for electron- 
release are approximately equally effective. The dissociation constants for m- and 
p-methoxybenzoic acid, 8-17 and 3-38 x 10°, indicate the methoxy-group to exert 
inductive withdrawal of electrons at a meta-position, and mesomeric electron-release 
(which outweighs the —I effect) at a fara-position. In 2-methoxyfluoren-9-ol there 
would be expected an inductive withdrawal of electrons from A-Cyg, and relay by (XIII) 
of electron-release (+M and +E) to B-C,. The experimental result, that unsubstituted 
and substituted rings migrate in ratio 68 : 32, accords with this assignment of electronic 
effects. 

Other Reactions relating to Phenanthridines.—Phenanthridine-7-diazonium sulphate, 
when boiled with methanol, was reduced to phenanthridine. The heterocyclic nitrogen 
atom may be regarded as a deactivating attachment to the ring bearing the diazonium 
group, and reduction, rather than replacement by methoxyl, is general with diazonium 
salts which contain deactivating substituents (Hodgson and Foster, /J., 1942, 581; 
Houben-Wey], “‘ Die Methoden der Organische Chemie,” G. Thieme, Leipzig, 1924, Vol. IV, 
p. 615). An aqueous solution of phenanthridine-7-diazonium sulphate, when heated, 
gave 7-hydroxyphenanthridine, but in small yield; the major product was a red compound 
which gave analyses approximating to those for the azo-compound formed by coupling 
of the diazonium ion with 7-hydroxyphenanthridine. Such coupling in acid solution is 
unusual and indicates that the phenol is susceptible to electrophilic attack (Saunders, 
‘“ The Aromatic Diazo Compounds,” E. Arnold and Co., London, 1949, pp. 195, 196, 230). 
In contrast, phenanthridine-6-diazonium sulphate gave 6-hydroxyphenanthridine in good 
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yield. 7-Hydroxyphenanthridine, on being heated with hydriodic acid containing iodine, 
gave a monoiodo-derivative, the ease of substitution perhaps being due to the contribution 
of a quinonoid form (XIV) to the total structure. Such a para-quinonoid form cannot 
be postulated for 6-hydroxyphenanthridine. Electrophilic attack appears most probable, 
therefore, at position 2, and structures (XV) and (XVI) are assigned to the above azo- 
and iodo-compounds. 
N =N pal N 
wi SPEED nin 
oO gn Og On OO TE gO 
(XIV) (XV) (XVI) 


6-Nitrophenanthridine was oxidised with acid permanganate to 6-nitrophenanthridone, 
which on reaction with phosphorus oxychloride yielded 9-chloro-6-nitrophenanthridine. 

2-Formamido-5-nitrodiphenyl, on being heated with stannic chloride and phosphorus 
oxychloride (a method of cyclisation due to Ockenden and Schofield, J., 1953, 717), gave 
3-nitrophenanthridine in 10% yield. Similar treatment of 2-formamido-4’-nitrodipheny] 
gave no 7-nitrophenanthridine. Cyclisation probably involves an electrophilic attack by 
the group —N:CH* on the second ring of the diphenyl (Theobald and Schofield, Chem. 
Reviews, 1950, 46, 178); it is concluded that the presence of a nitro-group in this ring 
so deactivates it that reaction does not take place, and that substantial deactivation is 
also caused by the presence of a nitro-group in the other dipheny] ring. 

9-Chloro-2-nitrophenanthridine was condensed with toluene-p-sulphonhydrazide; the 
sulphonhydrazide, on being heated with alkali, yielded 2-nitrophenanthridine. This 
reaction was first used in the phenanthridine series by Badger, Seidler, and Thomson 
(J., 1951, 3210) who converted 9-chlorophenanthridine into the parent base; the method 
is particularly useful when nitro-groups are present in the molecule and more usual 
reductive methods cannot, therefore, be employed. 


EXPERIMENTAL 
M. p.s are corrected. 

The Hydrazoic Acid—Sulphuric Acid Reaction.—To a suspension of sodium azide in 
chloroform, cooled in ice, sulphuric acid (98%) was added dropwise, with stirring which was 
continued for 10 minutes at 0°. There were used, alternatively: (A) 1-5 mols. of sodium 
azide, with 15 ml. of chloroform and 4 ml. of sulphuric acid per g. of sodium azide; (B) 1-75 mols. 
of sodium azide, with 4 ml. of chloroform and 2-5 ml. of sulphuric acid per g. of sodium azide. 
The ice was replaced by a water-bath maintained at 25°, and the fluorene was added, as the 
powdered solid or as a solution or suspension in chloroform, to the vigorously stirred mixture 
during 1 hr. Stirring was continued for a further hour; the product was then poured on 
ice (40 g. per ml. of sulphuric acid) and the whole was shaken. From the aqueous acidic 
solution, and from the sulphate which frequently separated, the base was liberated by addition 
of 2N-sodium hydroxide. The nitro-, amino-, and 9-substituted phenanthridines were filtered 
off, washed, and dried; the other phenanthridines were extracted with ether, and the extracts 
were washed, dried (Na,SO,), and evaporated. 

2-Nitrofluoren-9-ol. The reaction (A) with 2-nitrofluoren-9-ol (28-7 g.) yielded a base 
(26-0 g.), m. p. 145—170°, which was separated into two components by fractional crystal- 
lisation from benzene. There were obtained : 7-nitrophenanthridine (19-7 g.), m. p. 171—176°, 
which on further recrystallisation from benzene formed orange leaflets (11-8 g.), m. p. 180° 
(Found: C, 70-1; H, 3-6; N, 12-9. Calc. for C,,H,O,N,: C, 69-65; H, 3-6; N, 12-5%); 
and the complex of 2- and 7-nitrophenanthridines (1-45 g.), m. p. 155—160°, which, after 
recrystallisation from ethanol, formed yellow needles (1-1 g.), m. p. 158—160° (Found: C, 
69-6; H, 3:7; N, 12-2%). 

When 2-nitrophenanthridine, m. p. 196—197° (0-6 g.), and 7-nitrophenanthridine, m. p. 
180° (0-6 g.), were allowed to crystallise together from ethanol (100 ml.), the first crop (a, 
0-3 g.) melted at 161—162°, and the second and third crops (b, c; 0-75 g.) at 156—158°. The 
m. p. of a mixture of a with bc, or of a mixture of either with the analysed complex, m. p. 
158—-160°, above, was 159—160°. 

To a solution of 7-nitrophenanthridine (1-0 g.) in boiling 2N-sulphuric acid (60 ml.), 
potassium permanganate (2-0 g.) was added during 15 min. Extraction of the brown 
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precipitate with boiling pyridine (40 ml.) and dilution of the extract with water gave a solid 
(0-6 g.), m. p. 325—328°, which, on recrystallisation from pyridine or acetic acid, yielded 
7-nitrophenanthridone, yellow needles, m. p. 329° alone or when mixed with an authentic 
specimen, m. p. 328°, kindly supplied by Dr. K. Schofield (Found: C, 65-0; H, 3-5. Calc. 
for C;,H,O,N,: C, 65-0; H, 3-35%). 7-Nitrophenanthridone (0-3 g.) was heated under reflux 
for 4 hr. with phosphorus oxychloride (3 ml.); the precipitate formed when the product was 
poured on ice yielded 9-chloro-7-nitrophenanthridine (0-2 g., from benzene), needles, m. p. 
207—208°. Nunn, Schofield, and Theobald (loc. cit.) record m. p. 204—205°. 

7-Nitrophenanthridine (1-0 g.) was cautiously heated with potassium permanganate (8-5 g.) 
and water (80 ml.); the mixture was finally boiled under reflux for 3 hr., and filtered. Th 
filtrate was concentrated to 10 ml. and acidified with hydrochloric acid: there separated a 
nitrogen-containing acid (0-4 g.), m. p. 255° (decomp.). 

A suspension of 7-nitrophenanthridine (5-0 g.) and iron powder (10 g.) in 0-06N-acetic acid 
(250 ml.) was heated under reflux for 5 hr. The black solid was collected, dried, and extracted 
with hot benzene. The extract yielded 7-aminophenanthridine (3-6 g.), m. p. 201—203°, 
which on recrystallisation from aqueous methanol formed needles, m. p. 202—203° (Found : 
C, 80:2; H, 5-0; N, 14-5. Calc. for C,;H,,N,: C, 80:35; H, 5-25; N, 14-45%). Ethyl 
chloroformate (1-5 ml.) was added dropwise to a solution of 7-aminophenanthridine (2-5 g.) 
and diethylaniline (3 ml.) in boiling ethanol (99%; 40 ml.). The solution was heated under 
reflux for 4 hr.; on cooling it yielded 7-ethoxycarbonylaminophenanthridine, which after 
recrystallisation from methanol formed buff needles (0-75 g.), m. p. 206—207° (Found: C, 
72-5; H, 5-35; N, 10-8. Calc. for C,,H,,O,N,: C, 72:2; H, 5-3; N, 105%). The ethanolic 
mother-liquor deposited a substance as needles (1-4 g., from ethanol), m. p. 152—153° (Found : 
C, 71:0; H, 6-3; N, 9-25%). Caldwell and Walls (/oc. cit.) record m. p. 203—204° for the 
amine and m. p. 205—206° for its ethoxycarbony] derivative. 

3-Nitrofluoren-9-ol. The acidic aqueous solution and the base sulphate from the reaction 
(A) with 3-nitrofluoren-9-ol (5-0 g.) yielded 1-6 g. of base, m. p. 185—-189°; a further 2-35 g., 
m. p. 180—190°, was obtained from the chloroform solution. The combined base, on fractional 
crystallisation from benzene, gave 6-nitrophenanthridine (3-3 g.), m. p. 192—194°, golden 
needles having m. p. 194° after further recrystallisations (Found: C, 69-75; H, 3-65; N, 
12-4%). A second substance (0:25 g.), m. p. 225—245°, was obtained which, after two 
recrystallisations from benzene, yielded 3-nitrophenanthridine, orange needles, m. p. 256— 
259° alone, and 262—264° when mixed with an authentic specimen (below) having m. p. 268°. 
In a second experiment the fluorenol (10-0 g.) gave base (9-5 g.), m. p. 184—188°, which 
yielded 6-nitrophenanthridine (7-5 g.), m. p. 191—193°, and crude 3-nitrophenanthridine 
(0-45 g.), m. p. 225—2365°. 

Reduction of 6-nitrophenanthridine (1-0 g.), by the method described for the 7-isomer, 
yielded 6-aminophenanthridine (0-75 g., from benzene), needles, m. p. 194—195° (Found: C, 
80:45; H, 5-4; N, 14-35%). Caldwell and Walls (zbid., p. 2160) record m. p. 192—194°. 

2-Aminofluoren-9-ol. The resinous product from the reaction (B) with 2-aminofluoren-9-ol 
(9-25 g., added in 40 ml. of chloroform) was extracted with boiling benzene (2 x 300 ml.) from 
which, on cooling, 2-aminofluoren-9-ol (1-9 g.) separated. Progressive concentration of the 
filtrate yielded six crops (total 3-0 g.), m. p.s in the range 165—197°, which, combined and 
recrystallised from aqueous methanol, yielded 7-aminophenanthridine, needles, m. p. 202° 
alone and when mixed with the analysed specimen above. 

2-Methoxyfluoren-9-ol. This compound [(i), (ii) 5-0 g., (iii) 10-0 g.; added in chloroform, 
2 ml. to 1 g.] was allowed to react by method B; when the reaction mixture was poured on 
ice a non-basic product separated. It was amorphous, infusible, and insoluble in dilute acid 
and alkali, and in all common organic solvents, and contained nitrogen and sulphur. The 
yields of base [(i) 2-00, (ii) 1-43, (iii) 2-59 g.] were not constant; a similar variation in yield 
has been experienced in the conversion of fluoren-9-ol into phenanthridine (Part I, loc. cit.). 
The average of the yields is recorded in the Table. A preparation (iv), as (i) but with twice 
the quantities of chloroform, gave 1-30 g. of base, and a similar experiment (v), which was 
allowed to proceed at 0°, yielded 1-00 g. base. The base from each of experiments (i)—(v) 
had m. p. 55—75°. 

A solution of oxalic acid (dihydrate; 3-75 g.) in ethanol (20 ml.) was added to the total 
base (6-2 g.) from (ii)—(v) dissolved in ethanol (10 ml.); there separated buff needles (7-2 g.), 
m. p. 160—167°. Fractional crystallisation did not lead to separation of the isomers: five 
crops, m. p.s in the range 160—169°, were obtained; 2- and 7-methoxyphenanthridine hydrogen 
oxalate, thrice recrystallised from ethanol, had m. p. 169° (Found: C, 64:35; H, 4:3; N, 
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4-65. C,,H,,0,N requires C, 64:25; H, 4:4; N, 4.7%). On being shaken with ether 
2n-sodium hydroxide, the hydrogen oxalate (6-25 g.) yielded the base (4-45 g.), which 
fractionally crystallised from light petroleum (b. p. 100—110°). The first crop (2-5 g.), 
leaflets, m. p. 86—88°, after two recrystallisations gave 7-methoxyphenanthridine (1:95 g.), 
m. p. 90° (Found: C, 80-6; H, 5-35; N, 6-6. C,,H,,ON requires C, 80-4; H, 5:3; N, 6-7%). 
Three further crops (1-2 g.), m. p. 56—58°, were twice recrystallised, and yielded 2-methoxy- 
phenanthridine (0-24 g.), plates, m. p. 57—58° (Found: C, 80-8; H, 5-2; N, 66%). Fractional 
crystallisation of the base (2-0 g.) from (i) yielded 7-methoxyphenanthridine (0-7 g.), m. p. 89°, 
and 2-methoxyphenanthridine (0-35 g.), m. p. 57—59°. 

A solution of 7-methoxyphenanthridine (0-5 g.) in hydrobromic acid (48%; 25 ml.) was 
heated under reflux for 3 hr. in a current of carbon dioxide. The solution was made alkaline 
with sodium hydroxide solution, then just acidified with acetic acid; a precipitate separated, 
which was washed with water and dried. On recrystallisation from ethanol it yielded 
7-hydroxyphenanthridine (0-3 g.), m. p. 281—282° alone and when mixed with an authentic 
specimen (below). Similar demethylation of 2-methoxyphenanthridine (0-5 g.) gave 2-hydroxy- 
phenanthridine (0-2 g., from aqueous ethanol), leaflets, m. p. 245° (Found: C, 79-6; H, 4-9; 
N, 7:1. C,,H,ON requires C, 79-95; H, 4-65; N, 7-2%). 

3-Methoxyfluoren-9-ol. The reaction (B) with 3-methoxyfluoren-9-ol [(i), (ii) 4-25 g., added 
in 15 ml. of chloroform] gave considerable non-basic amorphous material which contained 
nitrogen and sulphur. The basic product was extracted with boiling light petroleum (b. p. 
60—80°; 100 ml.), which on evaporation gave a semi-solid base [(i) 0-20, (ii) 0-23 g.].. Short- 
path distillation of the combined base at 130°/0-1 mm. yielded (3- and 6-)methoxyphen- 
anthridines, needles, m. p. 70—78° (Found: C, 78-8; H, 5-15; N, 6-35%). 

2-Methylfluoren-9-ol. The basic product from the reaction (A) with 2-methylfluoren-9-ol 
(i) 1-95, (ii) 3-9 g.] was extracted with boiling light petroleum (b. p. 40—60°; 100 ml.), which 
yielded methylphenanthridines [(i) 1-6 g., m. p. 42—53°; (ii) 3-05 g., m. p. 45—55°)]. The 
combined base was fractionally crystallised from this solvent: the first four crops (0-95 g.) 
melted within the range 72—80°, and after three recrystallisations yielded 7-methylphen- 
anthridine (0-38 g.), needles, m. p. 87-5—88° (Found: C, 87:2; H, 5-75; N, 7-15. Calc. for 
C,,H,,N: C, 87-0; H, 5-75; N, 7:25%). Kenner, Ritchie, and Statham (J., 1937, 1169) 
record m. p. 88°. The picrate (6-95 g.) prepared from the four most soluble crops (3-35 g.) 
was repeatedly recrystallised from dioxan; it (4-15 g.) was reconverted into the base (1-75 g.), 
m. p. 70—75°, which after four recrystallisations from light petroleum yielded 2-methyl- 
phenanthridine (0-70 g.), needles, m. p. 80° (Found: C, 86-9; H, 5-95; N, 69%). Ritchie 
(loc. cit.) records m. p. 81°. 

A m. p.-composition curve was constructed as follows: mixtures of 2- and 7-methyl- 
phenanthridine were intimately mixed by grinding; the mixtures were heated in tubes of 
2-mm. diameter at 1° per minute, the temperature at which the last solid disappeared being 
recorded. The curve has a simple form with a eutectic at the equimolar point. 

7-Methylphenanthridine (%) 20 40 50 60 80 
M. p. { (i) see see seeseecee ee ceeeeeeee ees 73° 64° 59° 64° 80° 
LUDE cacavussonuncdernes tiesetaceene 73° 65° 58° 63° 81° 
Three portions of base were recovered: (a) material from the mother-liquors of 7-methy]l- 
phenanthridine (0-55 g.), m. p. 72°; (6) material from the mother-liquors of 2-methylphen- 
anthridine (0-50 g.), m. p. 73°; (c) material from intermediate mother-liquors (1-40 g.), m. p. 
67°. The percentages of 2-methylphenanthridine in (a), (b), (c) were found, from the m. p.— 
composition curve, to be 35, 80, 42% respectively. That (c) is on the branch of the curve 
leading to the 7-isomer is shown by the fact that its m. p. was lowered (to 61°) by the addition 
of 2-methylphenanthridine, and raised (to 75°) by the addition of 7-methylphenanthridine. 
From these analyses, together with the weights of isomers isolated, the yields of 2- and 
7-methylphenanthridine are found to be 1-88 and 1-65 g. respectively. 

3-Methylfluoren-9-ol. Reaction with 3-methylfluoren-9-ol [(i) 1-95 g., (ii) 5-85 g.], as 
described for the 2-isomer, yielded methylphenanthridines [(i) 1-7 g., m. p. 65—76°; (ii) 2-75 g., 
m. p. 62—76°]. The combined base was fractionally crystallised from light petroleum (b. p. 40— 
60°); the first eight crops (3-3 g.), melting within the range 79—86°, after four recrystallisations 
gave 3-methylphenanthridine (0-45 g.), leaflets, m. p. 89—89-5° (Found: C, 86-9; H, 5-7; 
N, 7-25%) [picrate, yellow needles (from dioxan), m. p. 271—272° (Found: N, 13-15. Cale. 
for Cy5H,,0,N,: N, 13:25%)]. Kenner ef al. (loc. cit.) record m. p. 89° for the base and 
m. p. 266° for the picrate. From the succeeding four crops, melting in the range 45—75°, 
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there was isolated only 3-methylphenanthridine (0-25 g.), m. p. 84—86° and m. p. 86—89° 
when mixed with the pure compound. 

9-Phenylfiuoren-9-ol. This compound [m. p. 85°; (i), (ii) 2-6 g., added in 10 ml. of chloro- 
form], on reaction by method 4 (the chloroform layer was twice extracted with 10N-sulphuric 
acid), yielded 9-phenylphenanthridine [(i) 2-5, (ii) 2-35 g.; m. p.s 104—106°] which on 
recrystallisation from ethanol or from light petroleum formed leaflets, m. p. 106°, unaltered 
by repeated recrystallisation from ethanol (Found: C, 89-8; H, 5:2; N, 5-6. Calc. for 
C,,H,,N : C, 89°35; H, 5:15; N, 5:5%) [picrate, yellow needles (from acetic acid), m. p. 251° 
(decomp.) (Found: N, 11-15. Calc. for C,;H,,0;,N,: N, 11:55%)]. Pictet and Hubert (Ber., 
1896, 29, 1184) record m. p. 109° for the base, and m. p. 242° (decomp.) for the picrate. 

9-Methylfluoren-9-ol. The base from the reaction (A) with 9-methylfluoren-9-ol [(i), (ii) 
4-9 g., (ili) 13-7 g.] was extracted with boiling light petroleum (b. p. 60—80°); the extract 
yielded 9-methylphenanthridine [(i) 1-85, (ii) 2-15, (iii) 7-75 g., m. p.s 80—84°], which on 
recrystallisation formed needles, m. p. 85° (Found: C, 86-9; H, 5-9; N, 7-2%) [picrate, 
yellow needles (from dioxan), m. p. 249° (decomp.) (Found: N, 12-9%)]. Pictet and Hubert 
(Joc. cit.) record m. p. 85° for the base, and m. p. 233° (decomp.) for the picrate. 

On evaporation, the chloroform solution from (iii) yielded a substance (3-5 g.), m. p. 148— 
153°, which after two recrystallisations from ethanol formed needles, m. p. 157° (Found: C, 
90-3; H, 5-8; N, 4:0. C,gH,,N requires C, 90-5; H, 5:7; N, 3-8%) [picrate, yellow needles 
(from ethanol), m. p. 266—268° (Found: N, 9-55. C,,H,,O,N, requires N, 9-35%)]. 

9-Benzylfluoren-9-ol. The reaction (A) with 9-benzylfluoren-9-ol (2-0 g., added in 20 ml. 
of chloroform) yielded 9-benzylphenanthridine (0-8 g.), m. p. 105—107°, which, after recrystal- 
lisation from ethanol and short-path distillation at 130°/0-4 mm., formed needles, m. p. 112° 
(Found: C, 887; H, 5-7; N, 5-15. Calc. for C,,H,;N: C, 89-2; H, 5-6; N, 5-2%) [picrate, 
yellow needles (from butanol), m. p. 200—202° (decomp.) (Found: N, 11-1. Calc. for 
CygH,,0,N,: N, 11-25%)]. Ritchie (J. Proc. Roy. Soc. N.S.W., 1945, 78, 155) records m. p. 
112° for the base, and m. p. 190° (decomp.) for the picrate. 

9-Benzylidenefluorene. The reaction (A) with 9-benzylidenefluorene [(i), (ii) 3-8 g.; m. p. 
75°; Thiele, Ber., 1900, 33, 852] yielded 9-benzylphenanthridine [(i) 2-1, (ii) 1-85 g.; m. p.s 
100—105°)}, which after purification as above had m. p. 112° alone and when mixed with the 
analysed specimen. Similar treatment of 9-benzylidene-2-nitrofluorene (m. p. 147—149°; 
Loevenich and Loeser, J. pr. Chem., 1927, 116, 325) gave a negligible quantity of base, and 
83% of the olefin was recovered. 

9-A zido-2-methoxyfluorene.—9-Chloro-2-methoxyfluorene (2-0 g.), sodium azide (1-0 g.), and 
methanol (15 ml.) were heated under reflux for 3 hr.; the solution was then poured into water. 
The product (1-9 g.), m. p. 36—38°, yielded, after two crystallisations from light petroleum 
(b. p. 40—60°), 9-azido-2-methoxyfluorene, needles (Found: C, 71:1; H, 465; N, 17-45. 
C,4H,,ON, requires C, 70-9; H, 4:65; N, 17-7%). The analysed specimen melted at 43-5— 
44-5°; it then resolidified and remelted at 56—58°. When this melt was chilled, the crystalline 
solid obtained usually had m. p. 65—66°, but one such specimen had the original m. p. 44°. 

A mixture of sulphuric acid (98%, 2 ml.) and chloroform (10 ml.) was vigorously stirred at 
25° during the dropwise addition (30 min.) of a solution of 9-azido-2-methoxyfluorene [(i) 1-0, 
(ii) 0-90 g.| in chloroform (5 ml.); thereafter the product was treated as in the hydrazoic— 
sulphuric acid reaction with 2-methoxyfluoren-9-ol. A non-basic solid was formed which 
contained nitrogen and sulphur, and resembled that from the latter reaction; it was extracted 
with boiling N-hydrochloric acid. The reaction yielded methoxyphenanthridines [(i) 0-50 g., 
m. p. 58—75°; (ii) 0-40 g., m. p. 60—74°]; fractional crystallisation of the base (i) from light 
petroleum (b. p. 100—110°) gave 7-methoxyphenanthridine (0-23 g.) having m. p. 85—88°, and 
m. p. 87—89° when mixed with the pure compound of m. p. 90°, and 2-methoxyphenanthridine 
(0-12 g.), m. p. 55—57° and m. p. 56—58° when mixed with the pure compound of m. p. 58°. 

9-Chloro-2-nitrofluorene (2-0 g.), sodium azide (1-0 g.), and methanol (40 ml.) were heated 
under reflux for 4 hr., and allowed to cool. The solid product was collected, washed with 
water, dried, and recrystallised from benzene; it yielded 9-imino-2-nitrofluorene (1-4 g.), orange 
needles, m. p. 209° (Found: C, 69-75; H, 3-55; N, 12-3. C,,H,O,N, requires C, 69-65; H, 
3-3; N, 12-5%). This compound (0-5 g.), when boiled for ? hr. with 12N-sulphuric acid 
(12 ml.), yielded 2-nitrofluorenone (0-5 g.), yellow flocks, m. p. 222° alone and when mixed with 
an authentic specimen. Attempts to effect reaction between 9-chloro-2-nitrofluorene and 
sodium azide under milder conditions than those described led to the formation of lower- 
meiting, chlorine-containing mixtures. 

Reactions of Phenanthridine-7-diazonium Sulphate-——Amy]l nitrite (2-0 g.) was added to a 
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suspension of 7-aminophenanthridine sulphate, formed by the dropwise addition of sulphuric 
acid (98%; 2 ml.) to a solution of the base (2-0 g.) in ethanol (99%; 40 ml.). The suspension 
was kept at 25°, with shaking, for 24 hr.; the solid was collected, washed with ethanol and with 
ether, and suspended in methanol (distilled from calcium oxide; 100 ml.) which was then 
boiled for 1 hr. Nitrogen was evolved. The solution was evaporated to 10 ml. and added to 
N-hydrochloric acid (150 ml.); this solution, separated from some tar, was made alkaline with 
sodium hydroxide solution and thrice extracted with ether. The extract was dried (Na,SO,) 
and evaporated, yielding a base which was repeatedly extracted with boiling light petroleum 
(b. p. 40—60°). Evaporation of the extracts gave a product which, after distillation at 
120°/2 mm., yielded phenanthridine (0-45 g.), needles, m. p. 103—104° (picrate, yellow needles, 
m. p. 244—245°). M. p. 106—107° and m. p. 245° have been recorded (Part I) for phen- 
anthridine and its picrate. 

A hot solution of 7-aminophenanthridine (1-8 g.) in 1-5N-sulphuric acid (20 ml.) was cooled, 
with stirring; the suspension of the sulphate was diazotised at 0° with a solution of sodium 
nitrite (0-7 g.) in water (3 ml.). After } hr., the solution was filtered and heated on a steam- 
bath, nitrogen being evolved, for $ hr.; it was cooled, made alkaline with sodium hydroxide 
solution, and filtered from a red azo-compound (1-05 g.). Neutralisation of the filtrate with 
N-sulphuric acid gave a precipitate which was dissolved in hot 3n-hydrochloric acid; from this 
solution, at 0°, there separated orange needles (0-65 g.); the base, m. p. 279—281°, obtained 
by decomposition of this hydrochloride with one equivalent of sodium hydroxide solution, on 
crystallisation from ethanol yielded 7-hydroxyphenanthridine (0-3 g.), a microcrystalline powder, 
m. p. 282—283° (Found: C, 79-55; H, 4-9; N, 7:3. C,,;H,ON requires C, 79-95; H, 4-65; 
N, 7:-2%). The azo-compound was thrice recrystallised from hot acetic acid, from which it 
separated as bright red needles, m. p. 295° (decomp.) (Found: C, 76-55; H, 4:05; N, 13-0. 
CogH ON, requires C, 78-0; H, 4:05; N, 14:0%). 

7-Hydroxy-2-iodophenanthridine.—7-Methoxyphenanthridine (0-5 g.) was heated under 
reflux for 3 hr. with hydriodic acid (25 ml.; freshly distilled, b. p. 126°, containing some 
iodine); the violet, crystalline hydriodide which separated was dissolved in dilute sodium 
hydroxide, and the solution was then just acidified with acetic acid. The precipitate (0-64 g.), 
m. p. 230—235°, after two recrystallisations from dioxan yielded 7-hydroxy-2-iodophenanthridine 
(0-25 g.), yellow tablets, m. p. 235° (Found: I, 39-2. C,,H,ONI requires I, 39-5%). It was 
soluble both in 0-5Nn-sodium hydroxide and in warm dilute hydrochloric acid which, on cooling, 
deposited yellow needles of the hydrochloride. 7-Hydroxy-2-iodophenanthridine was also 
obtained by the interaction, as above, of 7-hydroxyphenanthridine with hydriodic acid. 

6-Hydroxyphenanthridine.—A solution of 6-aminophenanthridine (1-7 g.) in 4N-sulphuric 
acid (50 ml.) was diazotised as described for the 7-isomer; urea was then added and the 
solution was boiled until nitrogen ceased to be evolved (10 min.). The solution was cooled, 
made alkaline with sodium hydroxide solution, filtered from a trace of red solid, and made 
just acid with acetic acid. The precipitate was collected, washed with water, and dried; it 
(1-55 g.), m. p. 264—267°, yielded, on recrystallisation from ethanol, 6-hydroxyphenanthridine 
(0-9 g.), leaflets, m. p. 271—272° (Found: C, 80-2; H, 4:7; N, 7-2%). 

6-Nitrophenanthridone.—6-Nitrophenanthridine (1-0 g.), on oxidation with acid permanganate 
as described for the 7-isomer, yielded 6-nitrophenanthridone (0-6 g.), yellow needles, m. p. 368° 
(uncorrected) (Found: C, 65-2; H, 3-3; N, 11-6. C,,;H,O,N, requires C, 65:0; H, 3-35; 
N, 11-65%). It (1-0 g.) yielded, by the method used for the 7-isomer, 9-chloro-6-nitrophen- 
anthridine (0-7 g., from benzene), yellow needles, m. p. 218° (Found: C, 60-95; H, 2-85; N, 
10-75; Cl, 13-35. C,;H,O,N,Cl requires C, 60-35; H, 2-75; N, 10-85; Cl, 13-7%). 

3-Nitrophenanthridine.—2-Amino-5-nitrodiphenyl (5-0 g.) was heated under reflux for 1 hr. 
with formic acid (90%; 50 ml.); the solution was poured into water and gave a precipitate 
which, on recrystallisation from ethanol, yielded 2-formamido-5-nitrodiphenyl (3-7 g.), buff 
needles, m. p. 145—146° (Found: C, 64:25; H, 4:15; N, 11-6. C,;H,)0,N, requires C, 
64-45; H, 4:15; N, 11-55%). The deep violet solution formed by the addition of stannic 
chloride (0-9 g.) to 2-formamido-5-nitrodiphenyl (2-0 g.), phosphorus oxychloride (10 ml.) and 
nitrobenzene (20 ml.) was heated under reflux for 4 hr., cooled, and poured on ice. The 
mixture was shaken mechanically for 2 hr., and the nitrobenzene was distilled off in steam; 
there remained a solution and a non-basic solid which was filtered off and extracted with hot 
5N-hydrochloric acid. The combined acidic solutions were made alkaline with sodium hydroxide 
solution, and there separated a base which, on crystallisation from benzene, yielded 3-nitro- 
phenanthridine (0-2 g.), yellow needles, m. p. 268° (Found: C, 69-5; H, 3-6; N, 12:6. Calc. 
for C,;H,O,N,: C, 69-65; H, 3-6; N, 12-5%). 
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2-Amino-4’-nitrodiphenyl (9-3 g.; m. p. 157—158°; Waters and Scarborough, /., 1927, 
87) was converted, by the procedure described above, into 2-formamido-4’-nitrodiphenyl (6-9 g.), 
needles, m. p. 176° (Found: C, 64-1; H, 4-2; N, 11-55%). From an attempted cyclisation, 
by the method given above, there was isolated only 2-amino-4’-nitrodiphenyl. 

2-Nitrophenanthridine.—2-Nitrophenanthridone (10-0 g.; m. p. 358—359°), on reaction with 
phosphorus oxychloride as described for the 7-isomer, yielded 9-chloro-2-nitrophenanthridine 
(9-6 g.), which on crystallisation from benzene formed needles, m. p. 209° (Found: C, 60-8; 
H, 2-4; N, 10-8; Cl, 14:0%). Nunn, Schofield, and Theobald (loc. cit.) record m. p. 204—205°, 
but m. p. 214—215° after chromatographic purification of the specimen. This compound 
(2-6 g.), toluene-p-sulphonhydrazide (2-0 g.), and chloroform (135 ml.) were heated under 
reflux for 21 hr.; the precipitate (3-4 g.) was then collected and dissolved in 0-5n-sodium 
hydroxide (400 ml.). The red solution was heated at 80° with stirring for 14 hr.: the colour 
was discharged with evolution of nitrogen and the separation of a brown solid. The latter was 
filtered off and extracted with boiling 5N-hydrochloric acid, and the extract was poured into 
excess of 5N-sodium hydroxide. The precipitate yielded 2-nitrophenanthridine (0-5 g., from 
benzene), yellow needles, m. p. 196—197° (Found: C, 69-8; H, 3-7; N, 12.4%). For 2- and 
3-nitrophenanthridine, isolated from the nitration products of phenanthridine, Caldwell and 
Walls (J., 1952, 2156) record m. p. 196—197° and m. p. 266—267°. 
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Proton-acceptor Properties of Carotene. 


By ALBERT WASSERMANN. 
[Reprint Order No. 5384.] 


As a preliminary to a study of proton-acceptor properties of deeply 
coloured polymers, an investigation is described dealing with carotene—acid 
adducts; and it is shown that equilibrium constants, K, characterising the 
basicity of carotene can be determined. A proton-transfer mechanism in 
the formation of these adducts is consistent with a relation of the Bronsted 
type between K and the dissociation constants of the three chloroacetic 
acids, and with the fact that addition of acids to carotene is prevented by 
basic solvents. The molar electrical conductivities, A, of the carotene—acid 
adducts in benzene solution are calculated and compared with A values of a 
previously investigated benzene-soluble salt. 


THE experiments to be described deal with proton-acceptor properties of carotene, a 
deeply coloured hydrocarbon containing 10 conjugated double bonds in the «-modification 
and 11 in the @-form. The basicity of these polyenes is sufficiently large for proton- 
transfer reactions to be studied in an aprotic solvent, whereas in most previous investig- 
ations, pertaining to the basicity of hydrocarbons, the solvent acted as the proton donor 
(cf., e.g., Gold, Hawes, and Tye, J., 1952, 2167, 2172, 2181). In the present case it was 
possible to vary the concentration of acids and carotene within wide limits, to establish 
the reversibility of the proton transfer, and to estimate equilibrium constants characterising 
the basicity of carotene with an accuracy of 25—30%. These measurements were done 
by a spectrophotometric method, which is based on the fact that a new absorption band 
appears immediately after the addition of acid to carotene, the maximum of this band 
being situated, in most cases, in the near infra-red region. The results of equilibrium 
measurements, in conjunction with determinations of the specific electrical conductance 
of benzene solutions containing carotene and acids, enabled the molar electrical conductivity 
of the adducts to be calculated. The numerical results provide independent evidence for 
the occurrence of proton-transfer processes. 
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EXPERIMENTAL 


The mixture of «- and 8-carotene used was recrystallised from carbon disulphide—ethyl 
alcohol to constant m. p., 172—173°, and stored in a high vacuum in the dark. Carotene 
stock solutions used for the spectrophotometric tests were stabilised by the antioxidant 
a-tocopherol, the molar ratio carotene: «-tocopherol being 10—20. Control experiments 
showed that under these conditions «-tocopherol had no influence on the equilibrium co- 
efficients. The electrical-conductivity measurements were done with freshly dissolved carotene 
without «-tocopherol. Tri- and mono-chloroacetic acid were recrystallised from pure benzene, 
triisoamylammonium picrate from ethylene dichloride-light petroleum, and picric acid from 
water. Ethyl trichloroacetate and dichloroacetic acid were dried and redistilled at 1 mm. 
Hydrogen chloride vapour was dried before being dissolved in pure benzene, atmospheric 
moisture being excluded during storage and transfer to the optical or conductivity cells. 
The purity of dodecylbenzenesulphonic acid * was checked by analysis and equivalent-weight 
determinations. This acid had been prepared from the sodium salt by interaction with 
concentrated aqueous hydrochloric acid; after removal of sodium chloride by repeated shaking 
with the hydrochloric acid solution, the sulphonic acid was dried to constant weight im vacuo 
over potassium hydroxide. All solvents were carefully dried and redistilled. Benzene had 
been purified, moreover, by prolonged shaking successively with sulphuric acid, alkali, and 
water; it was stored over metallic sodium. 

The spectrophotometric tests were done with a Unicam SP 500 instrument and cells varying 
in length from 0-2 to 10cm. Some of the cells, of the type described by Smakula (Z. phystkal. 
Chem., 1934, 25, 94), were fitted with ground joints: solutions could thus be introduced 
without coming into contact with moisture. Cells up to a length of 3 cm. could be fitted into 
a housing, in which the temperature was kept constant within +0-1° (cf. Wassermann, 
Nature, 1934, 184, 101), and in which a determination of optical densities within a temperature 
range of about 40° could be made. All tests were done with duplicate cells in order to 
eliminate the light absorption by added substances, e.g., acids or solvents. 

The electrical conductivities were determined with the help of a D.C. bridge, potential 
differences across the bridge mid-points being measured by an amplifying circuit, involving 
two ME 1400 valves and two pairs of EF 37 A valves, the second pair being connected with 
a micrometer. The standard resistors (103—10" () in one bridge arm were operated by means 
of a special high-resistance switch; a similar switch was used to reverse the leads to the 
conductivity cells. The valves and the heater currents were supplied (500 v, 20 ma) from a 
stabilised power unit. The potential across the conductivity cell, kept in an oil thermostat, 
could be varied from 48 to 120 v. In order to reduce polarisation effects no attempt was 
made to balance the bridge to zero ammeter deflection. The unknown resistance was measured 
by a technique in which minimum deflection was gradually achieved by successive adjustment 
of the standard resistors and of the decade boxes in the bridge arms. Each ammeter deflection 
was observed immediately after the closing of the circuit, the time during which the circuit 
was closed being as short as possible, and the potential across the conductivity cell being 
frequently reversed. Two cells of constants 0-0430 and 0-0161 cm.! were used; the electrodes 
of the latter cell were three concentric platinum cylinders, two of which were connected with 
each other. Solutions could be introduced into one of the cells and diluted without coming 
into contact with atmospheric moisture. Control experiments showed that short exposure to 
atmospheric moisture had no significant effect, except in the tests with hydrochloric acid. 
The bridge was frequently tested with standard resistors in the range 108—10"% Q; in order 
to show that polarisation effects are negligible, further calibrations were carried out by means 
of seven benzene solutions of tritsoamylammonium picrate, the concentration range being 
0-01—0-1 mole/l. At the highest concentration the resistance could be measured both in 
the D.C. bridge and in a conventional A.C. bridge; furthermore, the molar electrical con- 
ductivities could be compared with those measured by Krauss and Fuoss (J. Amer. Chem. Soc., 
1933, 55, 25). The various tests agreed to within +5%. 

The optical densities and the electrical resistance of mixtures of carotene and acids in an 
aprotic solvent are time-dependent. In order to eliminate time effects, measurements were 
done at different times, and back-extrapolated to the time of mixing the acid with the carotene. 
If carefully purified reactants and solvents and freshly prepared acid solutions are used the 
experimental error, deduced with the help of the back-extrapolation method, is as specified. 


* The position of the dodecyl group relative to the sulphonic acid group is not known. 
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Results. 

Carotene Acid Adducts.—Carotene is,characterised by a light-absorption band between 
400 and 500 my (cf. Zechmeister, ‘‘ Carotinoide,’’ Springer, Berlin, 1934, p. 130), in which the 
molar light-absorption coefficient, e, defined by e = (1/cl) logy, (J)/) = (optical density) /(carotene 
concentration x optical path length), reaches values up to 1 x 1081. mole+cm.?. On addition 
of strong acids a new absorption band, at wave-length >500 my, is immediately observed, 
which is due to an adduct C... D formed from 7 acid molecules, A, and carotene, B, according 
to (1), while the original band between 400 and 500 my disappears (see Fig. 1). The light 


Fic. 1. Absorption spectrum of carotene without and with acids at 20°. 
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Solvent, benzene in A, C, and D; chloroform in B. oO = carotene without acid. 

Symbols in A: X,1-85M with respect to trichloroacetic acid; complete conversion of the carotene into the 
adduct has taken place.* 

@, 1-16M with respect to trichloroacetic acid and 2-00M with respect to nitrobenzene; (], 1-16M with respect 
to trichloroacetic acid and 2-50M with respect to chloroform; [], 1-33m with respeot to ethyl trichloro- 
acetate (molarity of carotene = 1-52 x 10°). 

Symbols in B: @, 2:03m with respect to trichloroacetic acid; complete conversion of the carotene into the 
adduct has taken place.* 

Symbols in C and D: @, 7:26m with respect to dichloroacetic acid ; J, 0-380M with respect to hydrochloric 
acid; X,0+244M with respect to picric acid; (], 0-328M with respect to dodecylbenzenesulphonic acid. 

In all the experiments with acids the optical densities at each wave-length have been extrapolated to the time 
of mixing the carotene with the acid. In the experiments marked * the validity of Beer's law was tested 
by varying the carotene concentration in the range 7-04 x 1077 to 1-52 x 10-° mole/I. 
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absorption of the carotene-trichloroacetic acid adduct, for instance, is not significant, through- 
out the whole visible region of the spectrum. Some time after the formation of the adduct, 
however, the light absorption in the near ultra-violet’and blue part of the spectrum increases 


nA+B WP cC...D a er es 


very markedly, as the result of consecutive, irreversible changes of unknown nature, thereby 
producing deep colour of the type previously noted (cf. references given by Zechmeister, op. 
cit., p. 81). The latter effect is not shown in Fig. 1. Ethyl trichloroacetate, in contrast to 
the free acid, does not alter the light absorption of carotene to any marked extent. — 
Equilibria.—In the experiments with trichloroacetic, dichloroacetic, and hydrochloric acid, 
the proportion of B converted into C...D can be directly determined by measuring the 
optical density at a suitable wave-length, but the further interpretation of these results depends 
upon what assumption is made on the number of acid molecules combining with one carotene 


. : Fic. 3. Influence of trichloroacetic acid con- 

Fic. 2. Influence of trichloroacetic acid con- centration on logarithm of equilibrium 

centration on optical density (920 mp) at coefficient, K’, calculated according to eqn. 

time of mixing the acid with the carotene (2). Carotene concn., 2-82 x 10 mole/l. ; 
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molecule and on the state of dissociation of the adduct. The present equilibrium coefficients 
K and K’, calculated on the assumption that m = 1 and that C and D are held firmly together, 
are defined by 


(C...D} fC...D_ ,,fC...D _dy—dxs 1 fC...D 
~ @y —a, °[A])° fA x fB 


3 | * fA x fB (2) 


[A][B] °fAx fB 
where the expressions in brackets are concentrations, the f’s are activity coefficients, d,, is 
the optical density in the presence of sufficient acid to give rise to complete conversion of B 
into C...D, dy is the optical density of a mixture of B and C...D, and dg is the optical 
density of B without A. Whenever eqn. (2) was applied the ratio [C...D]/[B] could be 
varied and it was noted that the coefficient K’ increases with increasing acid concentration, 
probably owing to a decrease of fA; the change of fA, which has to be postulated in order 
to account for the observed variation of K’, is large compared to changes of activity 
coefficients in systems in which the dielectric constant is larger than that of benzene. In 
order to estimate K an empirical extrapolation method was used in which log K’ was plotted 
against [A], the resulting graph being extrapolated to [A]—» 0. As the carotene con- 
centration was below 10° mole/I. it is justified to assume that the ratio (fC... D/fB)raj;0 
approaches unity. It is consistent with this assumption that in the experiments with tri- 
chloroacetic acid and varying carotene concentration, the K’ values, extrapolated to [A] = 0, 
are independent of the carotene concentration, within the limits of the specified experimental 
errors. 

In the experiments with picric and dodecylbenzenesulphonic acid complete conversion of 
B into C...D was not possible, because these acids could not be used in sufficiently high 
concentration and, therefore, d,, could not be determined directly, as in the case of the other 
acids. The equilibrium coefficients, K’, were calculated as follows (cf., e.g., Page, Tvans. 
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Faraday Soc., 1953, 49, 637): the ratio [A][B,]/d, (where [A] = acid concentration, [B,] = 
total concentration of carotene in reaction mixture, and dy = optical density of the solution 
containing carotene and acid) was plotted against [A], the resulting graph being a straight 
line, within the limits of the estimated inaccuracy of dy. The intercept of this line on the 
[A][B,]/d, axis and its slope being designated by i and s, respectively, K’ is given by 


K’ = s/i 


This relation is again based on the assumption that » in (1) is unity. The complete conversion 
of B into C...D, as indicated by a limiting value of the optical density, at sufficiently large 
acid concentrations is shown in Fig. 2. Similar results were obtained with dichloroacetic acid 
and hydrochloric acid. With trichloroacetic acid, experiments at 460 my were also carried 
out. At this wave-length a minimum value of the optical density is reached if the acid 
concentration is sufficiently large. Equilibrium constants, K, deduced from experiments at 
920 my and 460 my. agreed to within +0-15 1./mole; the K(920 my) values are more accurate, 
however, because at this wave-length dp in eqn. (2) is zero. Typical graphs showing the 
dependence of log K’ on [A] and that of [A}[B,]/d, on [A] are in Figs. 3 and 4, and the results 
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Fic. 4. Interaction of carotene and hydrochloric acid in 
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of all the equilibrium measurements are in Table 1. The figures in the first nine lines show that 
the K values of the reaction between trichloroacetic acid and carotene appear to decrease somewhat 
with increasing temperature, but the effect is not substantially larger than the experimental 
error. The equilibrium coefficient being represented by K = expAS/R.exp —AH/RT, it 
follows that AS, the entropy change accompanying the proton transfer to the carotene, is 
—9+ 7 cal./degree, and —AH, the heat change, is 2-0 + 1-8 kcal./mole. Attempts have 

TABLE 1. Equilibrium between carotene and acids (in CgHg, except as shown). 

Concentration 

No. 
of 


Tuns 


Wave- 
length 
(mp) 

920 


Carotene 
(10° x 
mole/1.) 


Acid K 


(mole/l. (1./mole) 
0-40 +- 0-10 
0-40 +4 

0-45 -£ 

0-35 + 

0-50 +- 

0-30 + 

0-40 + 

0°33 + 
0-26 + 
0-30 + 


0-02 + 


Acid 
CCl,-CO,H 


Temp. 
11-0° 


( 920 
and 


20 +1 


CHCI,-CO,H 
HCl 


0-042—0-38 
1000 

650 

ft Expts. in CHCl. 


19 0-021—0-17 15-2 
18 0-025—0-24 231 
* D.B.S.A. = Dodecylbenzenesulphonic acid. 


ll 
6 
6 
5 


D.B.S.A.* 
Picric 


also been made to measure the equilibrium coefficient of the reaction between monochloroacetic 
acid and carotene, but only the order of magnitude, K’ ~ 10° 1./mole (benzene solution, 
20°), could be estimated with the help of eqn. (2), and assuming that the light-absorption 
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Fic. 5. Influence of dioxan on the light absorption of a mixture of carotene and trichloroacetic acid 
in benzene solution at 22°. 
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Concns. (mole/l.) in final reaction mixture : carotene, 1-52 x 10°; trichloroacetic acid, 1-16. 

Graph (1) , Carotene + CCl,*CO,H without dioxan ; optical densities between 350 and 650 mp <0-05; 
all optical densities extrapolated to time of mixing the carotene with the acid. 

Graph (2) x, Carotene +- CCl,*CO,H + dioxan; dioxan (2:34m) had been added shortly after mixing 
the carotene with the acid; before addition of the dioxan the solution was 1-60 x 10-°M 1m carotene and 
-*30M in CCl,*CO,H. 

Graph (3) , Carotene alone. 

Graph (4). @, Carotene + dioxan; dioxan concn. 2:34mM; no acid present. 


Molar electrical conductivities of 
carotene acid adducts and of tetraisoamyl- 
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Fic. 6. Specific electric conductance, x, of 
carotene in 1-00M-trichloroacetic acid; 8 
solvent, benzene; 25-0°. 
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coefficient of the carotene-monochloroacetic acid adduct is the same as that of the dichloro- 
acetic acid adduct. A more accurate estimation of K’ was not possible in this case, because 
a sufficiently large conversion of B into C...D could not be achieved, owing to the limited 
solubility of monochloroacetic acid. 

Fig. 1(A) indicates that the formation of the carotene-trichloroacetic acid adduct in 
benzene solution is not prevented by the polar aprotic solvent nitrobenzene, and some of the 
figures in Table 1 show that the K values relating to a non-polar and a polar aprotic solvent 
(benzene and chloroform) are similar. Basic solvents, on the other hand, give rise to a marked 
shift of the equilibrium. A typical experiment was as follows. Carotene and trichloroacetic 
acid were mixed, under concentration conditions indicated in the legend to Fig. 5, the light 
absorption being as shown by graph (1). If the solution, shortly after mixing of the carotene 
with the acid, is made 2-34m with respect to the basic solvent dioxan, the absorption curve 
is represented by graph (2). It will be seen that the addition of this basic solvent brings about 
the disappearance of the band in the near infra-red region, owing to the formation of the 
carotene—acid adduct, and the reappearance of the original carotene band, thereby excluding 
the possibility that the band at the relatively long wave-lengths is due to some irreversible 
chemical change. Control experiments were carried out, solutions of carotene alone and of 
carotene with dioxan (graphs 3 and 4) being used. Similar effects were observed with other 
basic solvents, namely, piperidine, acetone, and ethyl alcohol. Some equilibrium coefficients, 
as obtained in the absence and presence of basic solvents, are in Table 2; the K’ values 
in lines 2—9 were estimated from eqn. (2) on the assumption that d,, can be computed from 
the light-absorption coefficient of the carotene—trichloroacetic acid adduct, as determined in 
the absence of basic solvent. 


TABLE 2. Influence of basic solvents on the equilibrium coefficient, K" (l./mole), character- 
ising the interaction between carotene and trichloroacetic acid in benzene at 20—21°. 
Concens. (mole/I.) : carotene, 15-2 x 10-6; trichloroacetic acid, 1-10. 

Basic solvent and concn. Basic solvent and concn. 
(mole/1.) Kk’ (mole/I1.) k’ 
None — 1-0 Piperidine . <0-02 
Dioxan 2-34 <0-02 : 0-04 
1-17 0-13 Acetone 2-75 0-10 
0-889 0-60 Ethyl alcohol . <0-02 
0-783 0-75 


Electrical Conductivities.—Typical results are shown in Fig. 6. The ordinate is the observed 
specific conductivity, at the time of mixing, corrected for the specific conductivity of the acid 
without the carotene. A correction for the conductivity of the carotene without acid was 
not necessary, because the specific conductivity of the most concentrated carotene solution 
was less than 10%Q-1 cm.1. By using the results of spectrophotometric measurements, 
the concentration, c’, of the carotene acid adduct can be calculated. By dividing the specific 
conductance by c’, the molar conductivity, A, of the carotene—acid adduct is obtained. The 
A values are shown in Fig. 7, together with the molar conductivity of a previously investigated 
benzene-soluble salt. 

DISCUSSION 

When the logarithm of the equilibrium constant, K, relating to the interaction of 
carotene with the three chloroacetic acids, is plotted against the logarithm of the 
dissociation constants, Ky, of these acids in water, an approximately linear relation of 
the Bronsted type holds, namely : 


logse K 2 00 logy Ra i) om e278) oe (4) 


where m and ” are respectively 1-5 and —0-8 if K and K g are expressed in terms of moles 
and litres. Such a functional relation is compatible with the supposition that carotene, owing 
to the presence of x-electrons in the conjugated double bonds, acts as a proton-acceptor 
and that the adduct C...D in eqn. (1) is a salt, the proton of the acid having been 
transferred to the polyene, while the acid anion is held in close proximity by electrostatic 
forces. A proton-transfer mechanism of eqn. (1) is consistent with the observation that 
the equilibrium coefficients of the relatively strong hydrochloric, dodecylbenzenesulphonic, 
and picric acids are larger than the K values of the chloroacetic acids (see Table 1), 
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although a relation similar to (4) does not appear to hold with those acids which are not 
chemically related to each other. Furthermore, the suggested mechanism is indicated 
by the fact that the formation of the carotene-trichloroacetic acid adduct is prevented 
by the basic solvents dioxan, piperidine, acetone, and ethyl alcohol, while no such 
“‘ competitive ’’ inhibition occurs with polar aprotic solvents. 

The occurrence of a proton transfer is proved by the marked electrical conductivity of 
the carotene—acid adducts in benzene, control experiments having established that the 
conductivity of the acid alone or of carotene alone is not significant in most experiments. 
The graphs in Fig. 7 for the adducts show that there is an approximately linear functional 
relation between the logarithm of the molar electrical conductivity, A, and the logarithm 
of the concentration, c’, of the various carotene salts. For some previously investigated 
benzene-soluble salts a conductance minimum occurs, which is due (Fuoss and Krauss, 
J. Amer. Chem. Soc., 1933, 55, 2387) to the formation of triple ions. There is no evidence 
that such effects play a réle in the carotene—acid adducts which are here investigated. 
Comparison of the graph for the ammonium salt with those for the adducts in Fig. 7 is 
nevertheless of some interest, because it shows that, on the whole, the A values of the 
carotene acid adducts are larger than those of the authentic salt measured in the same 
solvent. 


A gift of carotene by Professor P. Karrer, Zurich, and discussions with Drs. V. Gold and 
A. Maccoll are gratefully acknowledged. 
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The Caryophyllenes. Part X.* Oxides from the Caryophyllenes. 


By G. R. RAMAGE and R. WHITEHEAD. 
[Reprint Order No. 5423.] 


The systematic degradation of one caryophyllene oxide and two itso- 
caryophyllene oxides has given, from each, the same monoketone C,,H,,O, 
keto-acid C,,H,,0O,, and dicarboxylic acid C,,H,,O,. This, together with 
other considerations which are discussed, supports a trans-configuration of 
the endocyclic double bond (cf. I) for caryophyllene (7.e., 8-caryophyllene) 
and the corresponding cis-arrangement (II) for tsocaryophyllene (t.e., 
y-caryophyllene). 


AFTER the establishment of the carbon skeleton of caryophyllene (Sorm, Dolejs, and Pliva, 
Coll. Czech. Chem. Comm., 1950, 15, 186; Barton and Lindsey, Chem. and Ind., 1951, 313; 
J., 1951, 2988; Dawson, Ramage, and Wilson, Chem. and Ind., 1951, 464; Dawson and 
Ramage, J., 1951, 3382), evidence has been provided in support of formula (III) (Barton, 
Bruun, and Lindsey, Chem. and Ind., 1951, 910; 1952, 691; J., 1952, 2210; Robertson 
and Todd, Chem. and Ind., 1953, 437; Atwater and Reid, 7dd., p. 688). 

In agreement with Aebi, Barton, and Lindsey (J., 1953, 3124) it is considered that the 
names $-caryophyllene and y-caryophyllene are now best replaced by caryophyllene and 
tsocaryophyllene respectively. These authors have shown the two hydrocarbons to be 
geometrically isomeric about the endocyclic double bond by rearrangements involving the 
conversion of their oxides (IV) into the same tricyclic diketone (VI). Caryophyllene and 
isocaryophyllene were considered by them to be the trans- (I) and the cis-isomer (II) 
respectively since Prelog, Schenker, and Kiing (Helv. Chim. Acta, 1953, 36, 471) have 
shown that the rate of reaction with per-acid is greater for tvans- than for cis-cyclononene. 
Moreover, the strained ¢vans-form for caryophyllene allowed its conversion into the strain- 
free cis-form by the action of nitrous acid and made it possible that the nitrosochlorides of 
both caryophyllenes could yield the same nitrolbenzylamine. 


* Part IX, J., 1951, 3382. 
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These general conclusions were fully supported by the present work which provided 
direct evidence of geometrical isomerism by an examination of the oxidative degradation 
products of caryophyllene and isocaryophyllene. Treibs (Chem. Ber., 1947, 80, 56) had 
prepared the crystalline caryophyllene oxide, which on further oxidation gave the epoxy- 
ketone. Two products resulted from the high-pressure reduction of the latter compound. 
One was described as a saturated monoketone C,,H,,0 whilst the other, on oxidation, gave 
a liquid diketone C,,Hg.O,. This series of reactions has been re-examined, by employing an 
oxide prepared from caryophyllene with the readily available monoperphthalic acid and 
oxidising the product, from the high-pressure reduction, with chromic acid, before fraction- 
ation. This was necessary since it was not known whether the carbonyl group in the 
epoxy-ketone was completely reduced under the conditions employed. The subsequent 
oxidation with chromic acid ensured that this group was re-formed and, at the same time, 
oxidised any secondary alcohol resulting from the opening of the oxide ring. Two fractions 
were isolated, one of which gave the diketone, now obtained crystalline, m. p. 53°. The 
lower-boiling fraction was found to be a monoketone C,,H 0 (VII), which was characterised 
by the preparation of its crystalline 2: 4-dinitrophenylhydrazone and 4-phenylsemi- 
carbazone. The structure of the diketone was proved to be (VIII) by further degradation 
with selenium dioxide followed by permanganate, which afforded a keto-acid C,,H,,0, 
together with a dicarboxylic acid (IX). The latter was shown to have the composition 
C,2H_90, by the preparation of a dianilide and di-p-phenylphenacyl ester. The keto-acid 
was identical with a degradation product from caryophyllene, the structure of which had 
been established as (X) by Dawson and Ramage (loc. cit.). This series of reactions provided 
proof of the oxide structure (IV) and supported formula (III) for caryophyllene. Our 
alternative formulation (XI) (Dawson, Ramage, and Whitehead, Chem. and Ind., 1952, 
450) which would require (XII) as the keto-acid is no longer tenable. 


1K rea “f Me 
@ “ € + Ae 


H |_| co, 


LY Acoxt 
LtI_CO,H 


(IX) 


WW 
y / \ f AN 

Oo NFO 

(VI) 

The same procedure was followed with isocaryophyllene, which on treatment with 
monoperphthalic acid gave a crystalline oxide-a. The reaction proceeded slowly and it was 
evident that the yield was poor compared with that for caryophyllene oxide. Fraction- 
ation of the mother-liquors gave a liquid oxide-b which was kept cold to allow the oxide-a to 
separate as far as possible ; both oxides were obtained in about the same yield. Each gave 
a different crystalline epoxy-ketone on further oxidation, although the product from oxide-a 
was of somewhat indefinite melting point. It was evident that socaryophyllene gave rise 
to two oxides but careful examination of the product from caryophyllene showed no indic- 
ation of a second oxide in this case, the pure crystalline oxide being, available in almost 
80% yield. 

After high-pressure reduction and subsequent oxidation with chromic acid, each of the 
isocaryophyllene epoxy-ketones gave two ketonic fractions. In each case the lower- 
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boiling fraction was identical with the monoketone (VII) previously obtained in the caryo- 
phyllene oxide series. The diketone fraction crystallised readily, whether from oxide-a 
or -b, and had m. p. 71°, whereas the earlier diketone had m. p. 53°. However, the diketones 
were certainly structurally similar since, by following the above degradation procedure, the 
diketone, m. p. 71°, gave the keto-acid C,,H,,0, and dicarboxylic acid C,,H» 0, obtained 
previously. Hence each of the three oxides gave as degradation products the same bicyclic 
monoketone (VII), together with the same keto-acid C,,H,,0, (X), and the same dicarb- 
oxylic acid C,gHggO, (IX). The parent hydrocarbons must therefore be geometrically 
isomeric about the endocyclic double bond. An examination of models supported the view 
that the compact trans-configuration (1) could be sterically hindered in the per-acid reaction, 
which would account for isolation of only one form of caryophyllene oxide. The more open 
cis-configuration (II) for tsocaryophyllene would readily allow the formation of two oxides 
and two epoxy-ketones, which would be stereoisomeric with respect to the epoxide ring and 
the adjoining methyl group. 

In order to account for the products formed in the pressure hydrogenation at 100°/80 
atm., it was considered that the oxide ring would open, giving both tertiary and secondary 
alcohols. The former would then produce the same monoketone from each of the three 
oxides. From the secondary alcohols, the formation of different diketones (VIII) may arise 
from the opening of the oxide ring with racemisation, at the carbon atom carrying the 
methyl group, for the open tsocaryophyllene oxides, and without racemisation for the 
hindered caryophyllene oxide. 

Although Robertson and Todd (loc. cit.) established a trans-union of the rings for caryo- 
phyllene there is, as yet, no evidence for the configuration in the monoketone and diketones 
described. 


EXPERIMENTAL 


Light petroleum refers throughout to the fraction of b. p. 40—60°. All rotations are for 
methanol solution. 

isoCaryophyllene Oxides-a and -b.—isoCaryophyllene was recovered from them other- 
liquors remaining after the preparation of caryophyllene nitrosite (Deussen and Lewinsohn, 
Annalen, 1907, 356, 1) and was also obtained from the nitrosite by boiling with alcohol (idem, 
tbid., 1908, 359, 245). 

The hydrocarbon (50-6 g., from either route) was treated at 0°, with gentle stirring with an 
ethereal solution of monoperphthalic acid (45-3 g.; equimol. amounts taken after volumetric 
analysis of the per-acid). After the initial reaction had ceased, as denoted by precipitation of 
phthalic acid, the mixture was set aside at room temperature for 48 hr. The ethereal solution 
was decanted, washed with sodium carbonate solution, dried, and evaporated. The product 
(51-1 g.), when kept in the refrigerator, partially crystallised. After filtration, the crystals were 
washed with a little ice-cold light petroleum and the process of cooling repeated with the filtrate. 
isoCaryophyllene oxide-a (15 g.) crystallised from light petroleum in large prisms, m. p. 
77°, [a]i? —5° (c, 1-94) (Found: C, 82:2; H, 11-0. Calc. for C,,H,,O: C, 81-8; H, 11-0%). 
The m. p. was not raised on repeated crystallisation from light petroleum or by chromatography 
on alumina; Aebi, Barton, and Lindsey (loc. cit.) record m. p. 80—81°. The filtrate and washings 
were fractionated in a Towers cclumn and gave (i) unchanged isocaryophyllene (8-8 g.), b. p. 
115—128°/12 mm., v3! 1-4945, (ii) an oil (21-2 g.), b. p. 137—145°/12 mm., and (iii) undistilled 
residue (7 g.). On strong cooling, fraction (ii) gave a little oxide-a and the remainder distilled 
and gave isocaryophyllene oxide-b, b. p. 186—138°/12 mm., 1? 1-4918, dif 0-9795, [a]}? + 23° 
(c, 2-300) (Found: C, 81-4; H, 10-9. C,,H,,O requires C, 81-8; H, 110%). Oxide-a (17-5 g.) 
and -b (18-2 g.) were obtained in 32 and 34% yield respectively. 

Caryophyllene Oxide.—Caryophyllene (48-8 g., from Messrs. W. J. Bush and Co. Ltd.) by the 
above procedure, except that the reaction was complete after 24 hr., gave recovered caryo- 
phyllene (6-6 g.) and a fraction, b. p. 186—142°/12 mm., crystallisation of which from methanol 
gave caryophyllene oxide (37-5 g., 77%) in large prisms, m. p. 63—64°, [a]}? —62° (c, 1-98). 

Pevmanganate Oxidation of isoCaryophyllene Oxide-a.—The oxide-a (20 g.) was oxidised in 
acetone (200 c.c.) containing water (2 c.c.) with potassium permanganate (40 g., 60 mesh) 
added in small portions during 48 hr., with stirring and water-cooling. The whole was filtered 
and the sludge washed well with acetone. The solvent was removed from the filtrate and the 
residue (12-5 g.), after being taken up in ether and filtered from any remaining manganese 
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dioxide, gave on fractionation (i) unchanged oxide-a (4-2 g.), b. p. 120—130°/2 mm., and (ii) 
epoxy-ketone-a (6-7 g.), b. p. 135—145°/2 mm. With 2: 4-dinitrophenylhydrazine the former 
gave a derivative, m. p. 185°, from ethanol, corresponding to the opening of the oxide ring; this 
was also prepared from oxide-a (Found: C, 62:8; H, 7-1. C,;H2g0,N, requires C, 62-9; H, 
7:1%). The epoxy-ketone-a crystallised in the refrigerator and the solid was recrystallised from 
methanol containing a little water, forming plates, m. p. 31—34°, b. p. 140°/3 mm., [a]?? —72° 
(c, 2:332) (Found: C, 75-5; H, 9-5. C,4H,.O, requires C, 75-6; H, 10-0%). The semicarbazone, 
m. p. 209°, crystallised with difficulty from aqueous ethanol (Found: C, 64:4; H, 8-9. 
C,;H,;0.N, requires C, 64:5; H, 90%). Shaking with sulphuric acid (0-1N; 40 c.c.) and 
light petroleum (50 c.c.) for 6 hr. hydrolysed the semicarbazone (0-5 g.) but the recovered 
ketone, after crystallising from aqueous methanol, still melted over the range 31—34°. 

The sludge from the oxidation was suspended in water (600 c.c.), and the manganese dioxide 
dissolved by an excess of sulphur dioxide, before further acidification and extraction with ether. 
Removal of the solvent gave a product (6-7 g.) which crystallised when shaken with a little ether 
and was separated into two isomeric hydroxy-acids. A portion of the crude acid (0-75 g.) was 
crystallised from monochlorobenzene (150 c.c.), and the product, m. p. 215—216°, further 
crystallised from the same volume of solvent. Pure hydvoxy-acid separated in small opaque 
needles, m. p. 218°, [a]?# +46° (c, 0-821) (Found: C, 66-8; H, 8-8. C,;H,,O, requires C, 
67-1; H, 90%). The filtrates were combined, the solvent distilled under reduced pressure, and 
the residue, crystallised from benzene, gave an isomeric hydroxy-acid in long colourless needles, 
m. p. 227°, [a]?? +.53° (c, 0-647) (Found : C, 67-4; H, 88%). The latter acid (1 g.) was refluxed 
in dry benzene (100 c.c.) for 4 hr. with lead tetra-acetate (3 g.). Lead acetate was precipitated 
and, after cooling, filtered off, and the benzene solution washed with aqueous sodium carbonate. 
Removal of the benzene gave a neutral product (0-75 g.) which crystallised from cyclohexane in 
prisms, m. p. 159° (Found : C, 68-4; H, 9:3. C,,H,,O, requires C, 68-1; H, 93%). As wellas 
the expected conversion of the hydroxy-acid group into a carbonyl] group, it is considered that 
the epoxide ring has been opened with the addition of acetic acid. 

From the sodium carbonate extract, hydroxy-acid (0-2 g.) was recovered. 

Permanganate Oxidation of isoCaryophyllene Oxide-b.—The oxide-b (20 g.) was oxidised by the 
above procedure and the neutral product on fractionation gave unchanged oxide-b (4 g.), b. p. 
120—130°/2 mm., and isocaryophyllene epoxy-ketone-b (9-2 g.), b. p. 135—145°/2 mm., which 
solidified and then crystallised from light petroleum in long needles, m. p. 78—79°, [«]}? —13° 
(c, 1-978) (Found : C, 75-7; H, 10-0. C,,H,,O, requires C, 75-6; H, 10-0%). The semi- 
carbazone, m. p. 216°, crystallised readily from ethanol (Found: C, 64-7; H, 9-1. C,;H,;0,N; 
requires C, 64-5; H, 90%). The ketone recovered from the semicarbazone had m. p. 78—79°. 

From the sludge the acid (5-3 g.) was recovered as an oil. 

Permanganate Oxidation of Caryophyilene Oxide.—The oxide (20 g.) when oxidised as for 
oxide-a above gave (i) unchanged oxide (7-15 g.), b. p. 135—149°/12 mm., and (ii) epoxy-ketone 
(6-1 g.), b. p. 154—158°/12 mm., which after several crystallisations from light petroleum had 
m. p. 60°. The semicarbazone had m. p. 235° as recorded by Barton and Lindsey (loc. cit.). 

The acid product (3-4 g.) was obtained as a viscous oil and was converted into its methyl 
ester but gave no distinct fraction on distillation. 

Hydrogenation of the Epoxy-ketones.—(A) isoCaryophyllene epoxy-ketone-a (6 g.) in methanol 
(250 c.c.) was hydrogenated for 8 hr. at 100°/80 atm. in the presence of Raney nickel (6 c.c. of 
settled suspension). After removal of the catalyst and solvent the residue (6-1 g.) in acetic acid 
(50 c.c.) was treated dropwise with chromium trioxide (3-3 g.) in water (3 c.c.) and acetic acid 
(5 c.c.) with ice-cooling. After 14 hr. at room temperature the product, isolated with ether, on 
fractionation gave (i) (1-55 g.), b. p. 108—120°/0-3 mm., n}? 1-4840 and (ii) (3-15 g.), b. p. 125— 
140°/0-3 mm., 7}? 1-4903. The former yielded a monoketone, b. p. 145—147°/20 mm., nF 
1-4813, di§ 0-9489, [a«]?* —33° (c, 2-144) (Found: C, 80-4; H, 11-5. Calc. for C,,H,,O: C, 
80-7; H, 116%). The 4-phenylsemicarbazone, m. p. 182° (Found: C, 74:3; H, 9-1. Calc. 
for C,,H;,ON,: C, 73-9; H, 9:2%), and 2: 4-dinitrophenylhydrazone, m. p. 147° (Found: 
C, 61-7; H, 7-2. Cale. for CygH,,0,N,: C, 61-8; H, 7:3%), were identical with the corre- 
sponding derivatives (see following paper) from dihydrocaryophyllene-b and from the epoxy- 
ketone-b and caryophyllene epoxy-ketone (below). The second fraction solidified and after 
crystallisation from light petroleum, by strong cooling, gave isocaryophyllene diketone (2-1 g.), 
m. p. 71°, [a]? —50° (c, 2-180) (Found: C, 76-1; H, 10-0. ©,,H,,O, requires C, 75-6; H, 
10-0%). The monosemicarbazone, prepared in cold aqueous alcohol, crystallised from aqueous 
ethanol (3 : 1) in colourless needles, m. p. 168° (Found: C, 64:4; H, 9-1. C,;H,;O,N, requires 
C, 64:5; H, 9-0%), identical with the product prepared as below. 
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(B) isoCaryophyllene epoxy-ketone-b (5 g.) was similarly hydrogenated and the product 
(5-1 g.) oxidised (2-7 g. chromium trioxide) and gave fractions (i) (1-8 g.), b. p. 110—125°/0-4 
mm., #3! 1-4854, and (ii) (2-1 g.), b. p. 130—145°/0-4 mm., n7! 1-4889. The former gave the mono- 
ketone, b. p. 146—148°/20 mm., nl! 1-4840, d}§ 0-9499, [a]?! —35° (c, 2-212) (Found: C, 80-5; 
H, 11-2%), the 4-phenylsemicarbazone, m. p. 182° (Found: C, 74:3; H, 8-9%), and the 2: 4- 
dinitrophenylhydrazone, m. p. 147° (Found : C, 61:3; H, 7-2%). Them. p.s were not depressed 
on admixture with the corresponding derivatives from the epoxy-ketone-a or from caryophyllene 
epoxy-ketone. The second fraction gave the isocaryophyllene diketone, m. p. 71°, [a]? —47° 
(c, 5-10) (Found: C, 75-7; H, 9-6%), and monosemicarbazone, m. p. 168°, both of which were 
identical with the corresponding derivatives from the epoxy-ketone-a. 

(C) Caryophyllene epoxy-ketone (10 g.) on reduction and subsequent oxidation (5-4 g. of 
chromium trioxide) gave the fractions (i) (2-5 g.), b. p. 110—125°/0-5 mm., and (ii) (5-35 g.), 
b. p. 130—145°/0-5 mm. The former gave monoketone, b. p. 136—137°/12 mm., m1? 1-4833, dif 
0-9484, [a]!® —34° (c, 2-310) (Found: C, 80-2; H, 116%). The same 4-phenylsemicarbazone, 
m. p. 182° (Found: C, 73-7; H, 9-2%), and 2: 4-dinitrophenylhydrazone, m. p. 147° (Found : 
C, 62-1; H, 7-1%), were obtained as previously. The second fraction crystallised in the 
refrigerator and after recrystallisation from light petroleum gave caryophyllene diketone, m. p. 
53°, [a]? —11° (c, 2-054) (Found: C, 75-9; H, 9-8. Calc. for C,,H,,0,: C, 75-6; H, 10-0%). 
The diketone was considered to be identical with the product described by Treibs (loc. cit.). 
In cold aqueous alcohol it gave a monosemicarbazone in colourless plates, m. p. 213° (Found: C, 
64-8; H, 9-1. C,,;H,,O,N, requires C, 64-5; H, 9-0%). 

In an attempt to convert the diketone, m. p. 53°, into the diketone, m. p. 71°, by very dilute 
alkaline treatment, more complex changes occurred which are being examined. 

Treatment of Diketones with Selenium Dioxide followed by Permanganate.—(A) Caryophyllene 
diketone (5-0 g.; m. p. 53°) was heated under reflux with selenium dioxide (1-25 g.) in acetic 
acid (50 c.c.) for 1 hr. The precipitated selenium was filtered off and the filtrate diluted with 
water and extracted with ether. The extract was washed with aqueous potassium hydroxide, 
dried, and evaporated and the residual oil (4-7 g.) dissolved in acetone (150c.c.). To the refluxing 
solution, potassium permanganate (19 g.) dissolved in a minimum amount of hot water was 
added dropwise. The mixture was decolorised with sulphur dioxide, acidified, and extracted 
with ether. The acid components were extracted into sodium carbonate solution, then recovered 
(2-25 g.) by ether and esterified with diazomethane. Separation of the esters by fractionation 
gave (i) (0-9 g.), b. p. 100—110°/0-5 mm., n?} 1-4490, and (ii) (1-1 g.), b. p. 115—130°/0-5 mm., 
n2} 1-4511. The former was identified as the methyl ester of the keto-acid C,,H,,0, by the 
preparation of a semicarbazone, m. p. 137° (Found: C, 58:3; H, 8-4. Calc. for C13H,303N; : 
C, 58-0; H, 8-6%) not depressed on admixture with a sample prepared from caryophyllene 
nitrosite. The ester (0-2 g.) was hydrolysed with methanolic potassium hydroxide, and the 
resulting keto-acid characterised by the preparation of a semicarbazone, m. p. 187° (Found : 
C, 56-9; H, 8-4. Calc. for C,,H,,0,;N,: C, 56-5; H, 8-3%), identical with the semicarbazone 
of the keto-acid C,,H,,03. 

The second fraction was hydrolysed with methanolic potassium hydroxide, and the recovered 
liquid acid characterised by the formation of a di-p-phenylphenacyl ester, m. p. 83° (Found : 
C, 77-9; H, 6-6. CygHyO, requires C, 77-9; H, 65%), and a dianilide which crystallised from 
aqueous alcohol in long colourless needles, m. p. 192° (Found: C, 76-2; H, 7-9. CygH3gO,Ne 
requires C, 76-2; H, 8-0%). 

The neutral product (about 1-7 g.) from this and the following oxidation is being examined. 

(B) tsoCaryophyllene diketone (5-0 g., m. p. 71°) by the selenium dioxide and permanganate 
procedure gave (i) methyl ester of the keto-acid C,,H,,O, (0-7 g.), b. p. 100—105°/0-5 mm., n¥ 
1-4508, and (ii) dicarboxylic ester (1-0 g.), b. p. 115—130°/0-5 mm., njj 1-4580. The former gave 
the same semicarbazone, m. p. 136°, as above (Found: C, 58-1; H, 8-5%) and after hydrolysis 
gave the semicarbazone, m. p. 188° (Found: C, 56-7; H, 84%). Fraction (ii) afforded a 
dicarboxylic acid, characterised by the preparation of a di-p-phenylphenacyl ester, m. p. 83° 
(Found : C, 78-2; H, 6-5%), and dianilide, m. p. 192°. The derivatives described were identical 
with the corresponding products from caryophyllene diketone. 
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The Caryophyllenes. Part XI.* The Structure of Caryophyllene 
Nitrosite. 


By G. R. Ramace, R. WHITEHEAD, and B. WILSON. 
[Reprint Order No. 5424.] 


Dihydrocaryophyllenes have been prepared from caryophyllene nitrosite by 
Hofmann and Emde degradations of dimethylamino-tetrahydro- and -dihydro- 
caryophyllene respectively. Oxidation of the dihydrocaryophyllene-b from 
the Emde route gave a saturated monoketone identical with the product 
obtained from the oxides of caryophyllene and isocaryophyllene (preceding 
paper) and established the structure of the nitrosite as (I). 


THE characteristic blue nitrosite has been employed as a source of pure caryophyllene 
(Evans, Ramage, and Simonsen, J., 1934, 1806) and its degradation was reported by 
Ramage and Simonsen (J., 1935, 1581), but many facts (detailed then on p. 1583) were 
difficult to reconcile with the Ruzicka formulation. By reduction of the nitrosite with 
sodium and alcohol, aminodihydrocaryophyllene (Semmler and Mayer, Ber., 1911, 44, 
3657) was available and offered a route to both possible dihydrocaryophyllenes. In this 


(EX) 


way it was hoped to examine the relation of each of the caryophyllene double bonds to the 
ring system. Recent work on caryophyllene (for references, see preceding paper) would 
allow the aminodihydrocaryophyllene to be formulated as (II) on the assumption that 
nitrosite and oxide formation were concerned with the same endocyclic double bond. 
Aminotetrahydrocaryophyllene was prepared from (II) by catalytic reduction and 
converted directly into the methiodide of the corresponding tertiary amine (IV). Alter- 
natively, dimethylaminodihydrocaryophyllene (III) was obtained either by the action of 
excess of methyl iodide, followed by decomposition of the resulting methiodide by heat, 
or by treatment with formaldehyde. Hydrogenation of the double bond in the presence 


* Part X, preceding paper. 
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of palladium—charcoal gave the base (IV) which was then converted into the methiodide. 
A Hofmann reaction on the corresponding methohydroxide gave dihydrocaryophyllene-a 
(V) which must have the double bond in the same region as was associated with the form- 
ation of the nitrosite. Ozonolysis of (V) gave a neutral substance considered to be (VI) 
which formed only gums as carbonyl derivatives. Permanganate oxidation, however, gave 
a hydroxy-acid, a keto-acid (VII), and the corresponding keto-aldehyde, all formed without 
loss of carbon. The formation of the hydroxy-acid was comparable with that of nopinic 
acid from $-pinene (Wallach and Blumann, Annalen, 1907, 356, 228). Oxidation of the 
hydroxy-acid by sodium bismuthate (Rigby, /J., 1950, 1907) gave more ketone (probably 
V1), from which no crystalline derivatives were obtained. Hypobromite oxidation of the 
keto-acid (VII) and keto-aldehyde, followed by further permanganate oxidation in the 
case of the aldehyde, gave a dicarboxylic acid, characterised as its dianilide. 

The basic group was removed from (III) by Emde reduction of its methiodide, a modi- 
fication of Groenewoud and Robinson’s procedure (J., 1934, 1692) being used. The yield 
of dihydrocaryophyllene-b (VIII) was improved by employing a large excess of sodium 
amalgam. Permanganate oxidation of (VIII) gave the ketone (IX) together with the 
hydroxy-acid (X), both corresponding to oxidation at an exocyclic double bond. The 
former was characterised by crystalline derivatives which were readily available. There 
was also obtained the keto-acid (XI) together with the corresponding keto-aldehyde, arising 
from oxidation at an endocyclic double bond. These observations on the double bond not 
concerned in the formation of the nitrosite served to exclude the Ruzicka formula. Sodium 
bismuthate oxidation proved the structure of the hydroxy-acid (X) by giving a further 
quantity of the ketone (IX), whilst the keto-acid (XI) on hypobromite treatment gave 
a dicarboxylic acid which formed a dianilide, m. p. 187°. By reducing technical caryo- 
phyllene with Raney nickel, Ruzicka and his co-workers (Helv. Chim. Acta, 1939, 22, 716) 
obtained a dihydrocaryophyllene which was converted into a dicarboxylic acid having a 
dianilide, m. p. 188°. On ozonolysis, the dihydrocaryophyllene-b gave mainly the ketone 
(IX), some keto-aldehyde, and very little of the acid products. 

The evidence from the oxidations of the dihydrocaryophyllenes has necessitated bond 
mobility between the exocyclic and adjacent endocyclic positions, depending upon reaction 
conditions. A similar mobility was noted by Bradfield, Penfold, and Simonsen (J., 1935, 
309) for the oxidation of @-santalylmalonic acid. It was thought that the absence of 
crystalline derivatives from the ketone derived from dihydrocaryophyllene-a (contrast 
the ketone from -b) was due to cis—trans-isomerism at the ring junction. That this was 
not the case arose from the work developed in the preceding paper on the reductive elimin- 
ation of the epoxide oxygen from the three epoxy-ketones of the form (XII). Each gave 
as one of the main products a ketone C,,H,,O (IX), the derivatives of which were identical 
with those available from the ketone derived from dihydrocaryophyllene-b. The structure 
(IX) was thereby established for the ketone from the Emde route and, hence, dihydro- 
caryophyllene-b must be represented as (VIII). A direct relation was thus established 
between the blue nitrosite and caryophyllene oxide and showed that the former was pre- 
pared by addition to the same double bond as was attacked by the per-acid; the suggestion 
(Dawson, Ramage, and Wilson, Chem. and Ind., 1951, 464) that nitrosite formation in- 
volved addition to the exocyclic ethylenic linkage is therefore untenable. Barton, Bruun, 
and Lindsey (J., 1952, 2214) as a result of infra-red measurements had established that 
the nitrosite retained the exocyclic methylene group. 

Although (II) was known to contain stereoisomers (Evans, Ramage, and Simonsen, 
loc. cit.) these must depend only on the disposition of the amino-group, so that after the 
Emde reaction the resulting ketone (IX) was homogeneous and formed pure derivatives 
readily. The failure to obtain solid derivatives from the material assumed to be ketone 
(VI) may be due to further stereoisomers which arise on reduction of the double bond in 
(II) or (III). 

An earlier attempt to relate the structure of the blue nitrosite to that of caryophyllene 
oxide was unsuccessful since the products from the action of per-acid on dihydrocaryo- 
phyllene-a and -d failed to crystallise after repeated fractionation, chromatography over 
alumina, or keeping. It was not possible, therefore, to relate the oxides available in this 
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way to the dihydro-oxides which had been prepared by direct reduction of caryophyllene 
and isocaryophyllene oxides. Two liquid oxides from a dihydrocaryophyllene, obtained 
by catalytic reduction of caryophyllene, have previously been reported by Rydon (J., 1939, 
537). 

EXPERIMENTAL 

Dimethylaminodthydrocaryophyllene.—(A) Dry dimethylaminodihydrocaryophyllene meth- 
iodide (17 g.), as prepared below and without further purification, was heated in an oil-bath. 
Smooth decomposition occurred under reduced pressure at 185—200° and the product was allowed 
to distil. It was dissolved in ether and extracted with dilute sulphuric acid. The base was 
recovered and gave dimethylaminodihydrocaryophyllene (6-5 g.), b. p. 153—155°/12 mm., 
ni 1-4953, dj8 0-9147, [a]}® —42-2° (Found: C, 82-3; H, 12-4; N, 5-2. C,,H,,N requires C, 
81-9; H, 12-5; N, 56%). From the ethereal solution a hydrocarbon (2-5 g.) was obtained 
which on fractionation had b. p. 120—121°/12 mm., n}§ 1-4990, di§ 0-9136, [ai®} —28-1°, and failed 
to form a blue nitrosite. 

Conversion of the methiodide into the methochloride and subsequent distillation failed to 
improve the yield of base. 

(B; cf. B.P. 581,427) Aminodihydrocaryophyllene (25 c.c.) was mixed with aqueous 
formaldehyde (40% ; 27-5 c.c.), aqueous formic acid (80%; 30 c.c.), and toluene (25 c.c.). The 
mixture was heated slowly to 45° by which time a vigorous evolution of carbon dioxide had 
commenced. The reaction was continued with moderate cooling, and gas evolution was com- 
pleted on the water-bath. The mixture was cooled and washed with an excess of sodium 
hydroxide solution, and the toluene layer was separated and dried. Fractionation gave di- 
methylaminodihydrocaryophyllene (21 g.), b.p. 132—134°/2 mm. 

Aminotetrahydrocaryophyllene—Aminodihydrocaryophyllene (9-5 g.; b. p. 118—121°/0-7 
mm., v7 1-5020; Evans, Ramage, and Simonsen, loc. cit.) was hydrogenated in ethanol (300 c.c.) 
for 8 hr. in the presence of 10% palladium—charcoal (4 g.) at 70°/25 atm. Ethanol was then 
distilled off and the product fractionated to give aminotetrahydrocaryophyllene (8-3 g.), b. p. 
105° /0-5 mm., n} 1-4910, d}§ 0-9145, [«]!? —13-6° (Found: C, 80-8; H,12-9. Calc. forC,,HygN : 
C, 80-6; H, 13-1%). 

Dimethylaminotetrahydrocaryophyllene.—The above base (10 g.) was converted into dimethyl- 
aminotetrahydrocaryophyllene methiodide (15 g.) as described for the dihydro-compound. 

Dimethylaminodihydrocaryophyllene (2 g.) in methanol (50 c.c.) was hydrogenated in the 
presence of 4% palladium-charcoal (1 g.). Dimethylaminotetrahydrocaryophyllene (1-8 g.) 
had b. p. 120°/1 mm., 18 1-4860, d}§ 0-9067, [«}!§ —7-0°, and was converted into the methiodide. 

Dihydrocaryophyllene-a.—The methiodide (15 g.) from the preceding experiment was shaken 
in alcohol (50 c.c.) with an excess of moist silver oxide for 1 hr. After filtration and evaporation 
the methohydroxide was heated in an oil-bath under reduced pressure and the product allowed 
to distil whilst the bath-temperature was raised from 145° to 200°. The distillate was washed 
in ether with dilute hydrochloric acid. Evaporation, followed by fractionation, gave dihydro- 
caryophyllene-a (5-6 g.), b. p. 96°/1-5 mm., ni3 1-4850, d}? 0-8843, [«]!® —10-2° (Found : C, 87-7; 
H, 12-4. Calc. for Cj;H,,: C, 87-3; H, 12:7%). The hydrocarbon corresponded (except in 
rotation) to the dihydrocaryophyllene obtained from aminotetrahydrocaryophyllene by the 
action of nitrous acid and dehydration of the resulting alcohol (Evans, Ramage, and Simonsen, 
loc. cit.). 

Oxidation of Dihydrocaryophyllene-a.—(A) Permanganate. The hydrocarbon-a (6-5 g.) was 
oxidised by potassium permanganate (11 g.; 60 mesh) by the procedure for hydrocarbon-b 
below. The neutral product (2-57 g.) on fractionation gave (i) unchanged dihydrocaryophyllene-a 
(0-65 g.), b. p. ca. 90°/1 mm., nis 1-4810, (ii) a ketone (0-72 g.), b. p. 105—120°/1 mm., redis- 
tilled b. p. 107—110°/1 mm., 7/8 1-4810, and (iii) a higher fraction (0-7 g.), b. p. 170°/1 mm., 
considered to be a keto-aldehyde since hypobromite followed by permanganate gave a di- 
carboxylic acid C,,H,,O, (dianilide, m. p. 223°). 

The sludge gave a gummy acid (4-6 g.) which was treated with sodium bismuthate, yielding 
a neutral ketone (0-75 g.), b. p. 107—110°/1 mm., which failed to give crystalline derivatives. 
The recovered acid (3-5 g.) was converted with diazomethane into a mixed keto-ester C,,H,,O, 
and dicarboxylic ester C,,.H,,O,, the latter forming a dianilide, m. p. 223°, and di-p-toluidide, 
m. p. 203°, as below. After hydrolysis and hypobromite treatment of the mixed acids the re- 
sulting dicarboxylic acid yielded a dianilide (from benzene), m. p. 223° (Found: C, 76-6; H, 8-6. 
C,,H,,O,N, required C, 76-8; H, 8:-4%), and a di-p-toluidide (from aqueous ethanol), m. p. 203 
(Found: C, 77-5; H, 9-2. C,,H,,0,N, requires C, 77-4; H, 8-8%), both colourless needles. 
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An amorphous di-p-phenylphenacyl ester of indefinite m. p. gave the correct analytical results 
(Found: C, 78-0; H, 7-0. Cy,.H44O, requires C, 78-2; H, 6-9%). 

(B) Ozonolysis. The dihydrocaryophyllene-a (4-0 g.) was ozonised in methyl acetate and, 
when worked up as for the hydrocarbon-b, gave an acid (1 g.) and a neutral product (3-5 g.). 
The former was treated with hypobromite and the resulting dicarboxylic acid C,,H,,O, (0-9 g.) 
characterised as dianilide, m. p. 223°, and di-p-toluidide, m. p. 203°. The neutral product was 
separated into (i) (1-6 g.), b. p. 110—140°/1 mm., and (ii) (1-5 g.), b. p. 160—190°/I1 mm. The 
former was probably the ketone (C,,H,,O) fraction, giving no crystalline derivatives; the latter 
was a keto-aldehyde, which by hypobromite and subsequent permanganate oxidation gave 
the dicarboxylic acid C,,H,,O, (dianilide, m. p. 223°). 

Dimethylaminodihydrocaryophyllene Methiodide.—(A) Aminodihydrocaryophyllene (10 g.) in 
methanol (30 c.c.) was gently refluxed on the water-bath with methyl iodide (12-5 g.) whilst 
methanolic potassium hydroxide (4-7 g. in 50 c.c.) was added during Ihr. The flask was cooled, 
more methyl iodide (12-5 g.) added, and the mixture refluxed for a further 3 hr. during the 
gradual addition of methanolic potassium hydroxide (2-3 g. in 25 c.c.). The alcohol was then 
distilled off, the residue dissolved in boiling water, and the solution frozen and then allowed to 
thaw. The methiodide (17 g.), which was a mixture of stereoisomers, was filtered off, washed 
with water, and dried in a vacuum-desiccator. Further purification was not carried out for the 
next stage. 

(B) Methyl iodide (6 c.c., 10% excess) was slowly run into dimethylaminodihydrocaryo- 
phyliene (20 g.) in acetone (100 c.c.) with cooling. The methiodide (22 g.) began to crystallise 
and a second crop (6 g.) was obtained from the mother-liquors. 

Dihydrocaryophyliene-b.—Dimethylaminodihydrocaryophyllene methiodide (17 g.) and 
water (400 c.c.) were added to 5% sodium amalgam (1200 g.; 30 times excess) and heated on a 
water-bath for 18 hr. whilst carbon dioxide was continuously passed through the solution. The 
gases issuing from the top of the condenser were bubbled through dilute sulphuric acid to absorb 
the trimethylamine (picrate, m. p. 215)°) produced. After cooling, the product was isolated 
by extraction with ether and the extracts were washed with dilute acid. From the acid solution 
dimethylaminodihydrocaryophyllene (1-0 g.), b. p. 138 —140°/4 mm., }? 1-4970, was recovered. 
Fractionation of the ethereal solution gave dihydrocaryophyllene-b (7-0 g.), b. p. 110°/7 mm., 
n® 1-4865, dz} 0-8843, [a]? —15° (Found: C, 87-0; H, 12-5. Calc. for C,;H,,: C, 87-3; H, 
12-7%). 

Oxidation of Dihydrocavyophyliene-b.—(A) Permanganate. Finely powdered potassium 
permanganate (20-6 g., 60 mesh) was added during 10 hr., with stirring, to dihydrocaryophyllene-b 
(10 g.) in dry acetone (250 c.c., stable to permanganate) with ice-cooling. After standing 
overnight the sludge was filtered off, washed with acetone, and suspended in water (300 c.c.) 
and the manganese dioxide dissolved by an excess of sulphur dioxide. The acidified solution 
was extracted with ether, and the extract shaken with 20% aqueous sodium hydroxide. The 
insoluble sodium salt was filtered off and after acidification and extraction with ether yielded a 
solid product (3-0 g.) which was sublimed and crystallised from cyclohexane, to yield a hydroxy- 
acid, m. p. 143°, [a]}? +35-4° (c, 0-792 in MeOH) (Found: C, 70-7; H, 10-0%; equiv., 252. 
C,;H,,O0, requires C, 70-8; H, 10-3%; equiv., 254). 

The methyl ester, prepared with diazomethane, was purified by sublimation and crystallised 
from methanol in colourless needles, m. p. 81°, b. p. 118—120°/1 mm. (Found: C, 71-6; H, 10-2. 
C,,H,,0, requires C, 71-6; H, 10:5%). The p-phenylphenacyl ester (Drake and Bronitsky, /. 
Amer. Chem. Soc., 1930, 52, 3715) crystallised from ethanol in needles, m. p. 148° (Found : 
C, 77-7; H, 7-7. C,gH,,O, requires C, 77-6; H, 8-1%). 

The ethereal solution from which the sodium salts had been removed gave a keto-aldehyde, 
b. p. ca. 160°/1 mm., nj}8 1-4982, which reduced Fehling’s solution and gave the Adachi colour 
test (Analyt. Chem., 1951, 28, 1491). Hypobromite treatment, followed by aqueous perman- 
ganate oxidation, gave the dicarboxylic acid with a dianilide, m. p. 187°, as described below. 

The acetone filtrate, from which the sludge had been filtered, was evaporated and the 
resulting product (13 g.) on fractionation gave (i) diacetone alcohol (2-0 g.), b. p. 58—59°/10 
mm. (Found: C, 60-7; H, 10-4. Calc. forC,H,,0,: C, 62-0; H, 10-4%), (ii) unchanged dihydro- 
caryophyliene (4-1 g.), b. p. 122—123°/10 mm., 7 1-4852, and (iii) a monoketone (5 g.), b. p. 
133—135°/10 mm., n? 1-4822, d3° 0-9456, [o]?? —33° (Found: C, 81-0; H, 11-4. C,,H,,O re- 
quires C, 80-7; H, 11-6%). 

The semicarbazone crystallised from ethanol in needles, m. p. 189° (Found : C, 67-7; H, 10-3. 
C,,5H,,;ON, requires C, 67-9; H, 10-3%), and the 4-phenylsemicarbazone, m. p. 183°, crystallised 
similarly (Found: C, 73-8; H, 9-1. C,,H;,ON, requires C, 73:9; H, 9-2%). The 2: 4-dinitro- 
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phenylhydrazone crystallised from ethanol in clusters of long orange needles, m. p. 147° (Found : 
C, 62:3; H, 7-4. CggH,g0,N, requires C, 61-8; H, 7-3%). The ketone and the derivatives were 
identical with those reported in the previous paper. 

The above hydroxy-acid (0-4 g.; m. p. 143°), sodium bismuthate (0-38 g.), and glacial acetic 
acid (5 c.c.) were shaken for 5 hr., by which time the orange colour had disappeared. After 
removal of the acetic acid under reduced pressure the ketone C,,H,,O (0-2 g.) was isolated 
by ether-extraction; the 4-phenylsemicarbazone, m. p. 183° (Found: C, 74:1; H, 9-5%), and 
2: 4-dinitrophenylhydrazone, m. p. 147° (Found: C, 62:0; H, 7-6%), were identical with 
the derivatives recorded above. 

From the soluble sodium salt accompanying the hydroxy-acid, a keto-acid was recovered 
and purified by fractionation as its methyl ester (0-4 g.), b. p. 125°/0-1 mm. (Found: C, 70-7; 
H, 10-7. C,gH,,0,; requires C, 71:6; H, 10-5%). This keto-acid was more readily available 
from the following procedure. 

(B) Ozonolysis. Dihydrocaryophyllene-b (10 g.) was ozonised to completion in methyl 
acetate, and the ozonide decomposed by boiling water after removal of the solvent. The 
product after treatment for several days with hydrogen peroxide (5 c.c.; 20-vol.) was separated 
into the above ketone C,,H,,O (9-0 g.) and an acid (1-5 g.) which was purified through its methy] 
ester, b. p. 125°/0-1 mm., 131-4520. The keto-ester was hydrolysed and treated with sodium 
hypobromite, and the resulting dicarboxylic acid recovered. The dianilide, crystallised from 
aqeuous ethanol, had m. p. 187° (Found: C, 76-8; H, 8-5. Calc. for C,,H,,O,.N,: C, 76-8; 
H, 8-4%). 

Dihydroisocaryophyllene Oxides.—(A) isoCaryophyllene oxide-a (5 g.) was hydrogenated in 
acetone (60 c.c.) at atmospheric pressure in the presence of platinum. Removal of the catalyst 
and solvent followed by fractionation of the product gave dihydroisocaryophyllene oxide-a, b. p. 
140—145°/12 mm., n}7 1-4810, [«]?? —29-6° (c, 2-210 in MeOH), which crystallised from methanol 
in plates, m. p. 5|0—51° (Found: C, 80-7; H, 11.5. C,,;H,,O requires C, 81-0; H, 11-89%). 

(B) Similarly oxide-b gave dihydroisocaryophyllene oxide-b as an oil, b. p. 138°/8 mm., nj} 
1-4826, [a]}? +10-2° (c, 4-100 in MeOH) (Found: C, 81-7; H, 11-8%). 

Dihydrocaryophyllene Oxide (Treibs, loc. cit.).—Caryophyllene oxide (5 g.) gave dihydro- 
caryophyllene oxide (4-7 g.), b. p. 139—140°/12 mm., m. p. 67°. 

In connection with the work described in this and the preceding paper, the authors thank 
Imperial Chemical Industries Limited for chemicals, and the Huddersfield Education Authority 
for the award of the Armytage and British Dyes Research Scholarships to B. W. and R. W. 
respectively. 
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The Caryophyllenes. Part XII.* The Structure of Some 
Derivatives of Humulene. 


By P. Clarke and G. R. RAMAGE. 
[Reprint Order No. 5448.] 


Degradation studies suggest that some humulene derivatives are based 
on the structure (I). 


HUMULENE, a major constituent of hop oil present only in small amount in clove oil, was 
formulated as (II) by Clemo and Harris (Chem. and Ind., 1951, 799) after evidence 
indicated that caryophyllene had the structure (III) (see Part X, p. 4336). Proof of the 
1: 1:4: 8-tetramethyleycloundecane ring, with (IV) suggested as the formula for humulene, 
has been reported by Sorm, Streibl, Jarolim, Novotny, DolejS, and Herout (Chem. and 
Ind, 1954, 252) whereas Fawcett and Harris (ibid., p. 405) explained their results on the 
basis of structure (V) and also suggested (VI). Sorm, Mleziva, Arnold, and Pliva (Coll. 
Czech. Chem. Comm., 1949, 14, 699) have given evidence for an exocyclic double bond in 
purified humulene. 

The highly insoluble humulene nitrosochloride was used in the present work in an 
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attempt to exclude other unsaturated material. Ozonolysis of a suspension in 90% acetic 
acid yielded as-dimethylsuccinic, levulic, nitric, and hydrochloric acids, whereas only 
as-dimethylsuccinic acid and more complex products were obtained in chloroform solution 
because of the stability of the nitrosyl chloride adduct. 
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Nitrosohumulene (Evans, Ramage, and Simonsen, /., 1934, 1806) had no typical 
hydroxyimino-properties and on ozonolysis produced levulic acid and as-dimethylsuccinic 
acid, and there was some evidence for the presence of acetaldehyde. Separation and estimation 
of levulic and as-dimethylsuccinic acids were achieved by the formation of the 4-(p- 
nitrophenyl)phenacyl esters (Clarke, Chem. and Ind., 1952, 450) which have very different 
solubilities. These derivatives were more readily separated than the corresponding 
p-phenylphenacyl esters. Alternatively the mixed acids were converted by diazomethane 
into their esters from which methyl levulate was removed as its semicarbazone. The 
absorption spectrum of nitrosohumulene disclosed the absence of conjugated ethylenic 
linkages (the iate Dr. A. E. Gillam, personal communication). These results suggest 
structure (VII) for the nitrosochloride and (VIII) for nitrosohumulene. 
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Hydrogenation of aminodihydrohumulene (Evans, Ramage, and Simonsen, Joc. cit.) 
gave two aminotetrahydrohumulenes, one of which yielded an acetyl derivative which was 
probably identical with the «-acetamidotetrahydrohumulene (Clemo and Harris, J., 1951, 
22) obtained by a different route. Perbenzoic acid titrations of aminodihydrohumulene 
and the reduction products indicated di- and mono-unsaturation respectively. 

Ozonolysis of acetamidodihydrohumulene gave as-dimethylsuccinic and {-formyl- 
pivalic acids. The latter was characterised by the preparation of a p-nitro- and a 2: 4- 
dinitro-phenylhydrazone. Perbenzoic acid titration of acetamidodihydrohumulene in- 
dicated two double bonds, and this was confirmed by hydrogenation which gave an 
acetamidohexahydrohumulene. These results showed that bicyclic products had not been 
formed. Ozonolysis of dimethylaminodihydrohumulene produced as-dimethylsuccinic 
acid. Emde reduction of its methiodide yielded a dihydrohumulene which furnished 1so- 
butyraldehyde by ozonolysis. 

The ready isolation of as-dimethylsuccinic acid from all simple derivatives fixes two of 
the double bond positions and the third double bond forms the nitrosochloride in an 
endocyclic position. In so far as ozonolysis of derivatives can be used as proof of structure 
the evidence requires (I) for humulene although the infra-red spectrum requires an exocyclic 
double bond. Bond mobility between adjacent endocyclic and exocyclic double bonds has 
been discussed in the preceding paper. 


EXPERIMENTAL 

Humulene Nitrosochloride.—Fractional distillation of caryophyllene (from Messrs. W. J. 
Bush and Co. Ltd.) gave a fraction of b. p. 118—120°/12 mm., which was treated in chloroform 
with ethyl nitrite and alcoholic hydrogen chloride. Nitrosochloride, representing a 1—2% 
yield on the original oil, was obtained, and then purified by standing with cold chloroform. The 
product was used without further purification since it and material crystallised from chloroform, 
in which it was only slightly soluble, each decomposed at 177°. By the kindness of Mr. M. 
Dewhurst, of Messrs. White, Tomkins and Courage Ltd., a portion of hop oil as used by Chapman 
(J., 1928, 785) was available and a fraction of b. p. 132—136°/14 mm. gave a 55% yield of 
nitrosochloride. 
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Humulene Nitrolcyclohexylamide.—The above nitrosochloride (1 g.) was warmed gently with 
cyclohexylamine (3 c.c.) on the water-bath until a clear solution was obtained. Ethanol (3 c.c.) 
was added and the resulting humulene nitrolcyclohexylamide (0-9 g.) was filtered off and crystallised 
from ethanol as needles, m. p. 170° (Found: C, 76-1; H, 10-8. C,,H;,ON, requires C, 75-8; 
H, 10-9%). 

p-Phenylphenacyl Levulate-—This was prepared by Drake and Bronitsky’s method (/. 
Amer. Chem. Soc., 1930, 52, 3715) and the ester crystallised from light petroleum (b. p. 60—80°) 
as small plates, m. p. 93° (Found: C, 73-5; H, 6-2. C,,H,,O, requires C, 73-5; H, 5-8%). 
4-(p-Nitrophenyl)phenacyl levulate was prepared similarly and crystallis.d from ethanol as 
plates, m. p. 126° (Found: C, 63-8; H, 4-9. C,,H,,O,N requires C, 64:2; H, 4:8%). 

Di-p-phenylphenacyl as-Dimethylsuccinate.—as-Dimethylsuccinic acid (0-15 g.) was heated 
under reflux with p-phenylphenacyl bromide (0-55 g.) and ethanol (10 c.c.). N-Sodium car- 
bonate solution (2-0 c.c.) was added during 1 hr., and after 3 hr. the resulting product was 
filtered off after cooling. The ester (0-4 g.) crystallised from ethanol as needles, m. p. 145 
(Found: C, 76-1; H, 6-0. C,,H3,0, requires C, 76-4; H, 5-7%). Di-4-(p-nitrophenyl) phenacyl 
as-dimethylsuccinate was prepared similarly and crystallised from butanol as short needles 
(0-45 g.), m. p. 185° (Found: C, 65-3; H, 4:3. C3,H,,0,,N, requires C, 65-4; H, 4-5%). 

Ozonolysis of Nitrosohumulene.—Nitrosohumulene (6 g.) in methyl acetate (60 c.c.) was 
ozonised to completion in an ice-salt bath. Removal of solvent under a vacuum at room 
temperature left a brown ozonide which was decomposed by warm water (20c.c.). The evolved 
gases were passed into an aqueous solution of Brady’s reagent and gave a solid (0-2 g.) which 
after several crystallisations from ethanol had m. p. 147° alone or mixed with acetaldehyde 
2: 4-dinitrophenylhydrazone (Found: N, 25-4. Cale. for CgH,O,N,: N, 25-0%). The 
aqueous solution was treated overnight with hydrogen peroxide (100-vol.; 5 c.c.) and was 
separated into a neutral oil (trace) and an acid fraction (4-2 g.). 

Examination of the Acid Fraction—A sample (0-1 g.), 4-(p-nitrophenyl)phenacyl bromide 
(0:36 g.) (Clarke, Joc. cit.), and ethanol (5 c.c.) were refluxed during the slow addition of 
N-sodium carbonate (1-15c.c.) and fora further 2 hr. The solid (0-25 g.) was filtered off from the 
hot solution and crystallised from butanone as needles, m. p. 185° alone or mixed with di-4-(p- 
nitrophenyl)phenacyl as-dimethylsuccinate. The filtrate was diluted with water, and the 
resulting solid (0-13 g.) crystallised from light petroleum (b. p. 80—100°) as cream plates, m. p. 
126° alone or mixed with 4-(p-nitrophenyl)phenacyl] levulate. 

The remainder (4-1 g.) slowly deposited a solid (0-6 g.) which was filtered off and crystallised 
from water as prisms, m. p. 140° alone or mixed with as-dimethylsuccinic acid. The solid 
yielded a p-phenylphenacy] ester, m. p. 145°, and a 4-(p-nitrophenyl)phenacyl] ester, m. p. 185°. 
The liquid acid was largely freed from as-dimethylsuccinic acid (1 g.; removed as the calcium 
salt), and the remainder was esterified by diazomethane. The freshly distilled ester fraction 
(2-2 g.), b. p. 85—90°/17 mm., yielded (a) a phenylsemicarbazone which crystallised from 
aqueous methanol as long colourless needles, m. p. 114° alone or mixed with methyl levulate 
phenylsemicarbazone (Found: C, 59-4; H, 6-7. Calc. for C,,H,,O,;N,: C, 59-3; H, 65%), 
and (b) a semicarbazone (1-1 g. from 2-0 g. of ester) which crystallised from methanol as needles, 
m. p. 150° alone or mixed with methyl levulate semicarbazone (Found: C, 45-0; H, 7-0; 
N, 22-4. Calc. for C,H,,0,N,: C, 44-9; H, 7-0; N, 22-5%). It was necessary to use redistilled 
ester, since contamination by levulic acid caused the m. p. of the semicarbazone to be low, even 
after repeated crystallisation. The semicarbazone with Brady’s reagent yielded yellow needles 
which after crystallisation from methanol had m. p. 141—142° alone or mixed with methyl 
levulate 2: 4-dinitrophenylhydrazone (Found: N, 18-1. Calc. for C;,H,,O,N,: N, 18-1%). 
The semicarbazone (0-5 g.) was heated under reflux (1 hr.) with 2N-sulphuric acid (5 c.c.); the 
material which was extracted by ether yielded a p-phenylphenacyl ester, m. p. 93° alone or 
mixed with p-phenylphenacy] levulate. 

as-Dimethylsuccinic acid (0-8 g.) was recovered from the mother-liquor obtained in the 
preparation of the semicarbazone. 

Ozonolysis of Humulene Nitrosochloride——Humulene nitrosochloride (3 g.), suspended in 
acetic acid (18 c.c.) and water (2 c.c.), was ozonised until all solid had disappeared. The issuing 
gas contained ozone from the outset and was passed through wash-water which gave a positive 
test for formaldehyde (note, however, Karrer and Kebrle, Helv. Chim. Acta, 1952, 35, 862), and 
for chloride and nitrate ions. Hydrogen peroxide (100-vol.; 2 c.c.) and water (20 c.c.) were 
added and after 24 hr. the solution was evaporated on the water-bath under reduced pressure. 
The residue (2-6 g.) was shown to contain levulic and as-dimethylsuccinic acids, as in the 
preceding experiment. 
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Catalytic Reduction of Aminodihydrohumulene.—Redistilled base (3 g.) was shaken under 
hydrogen with 10% palladium-charcoal (1 g.) in ethanol. After filtration and addition of an 
excess of alcoholic hydrogen chloride, most of the solvent was distilled off before addition of 
water (10 c.c.). The solid hydrochloride (1-4 g.) was filtered off from the ice-cold mother- 
liquor and had m. p. 282°. An aminotetrahydrohumulene (1 g.) was recovered from the hydro- 
chloride and characterised as its acetyl derivative which crystallised from light petroleum 
(b. p. 100—120°) as long needles, m. p. 180° (Found C, 76-9; H, 11-7. Calc. for C,,H;,ON : 
C, 76-9; H, 118%). The mother-liquor yielded a colourless basic oil (1:6 g.), b. p. 147— 
150°/13 mm., which gave an acetamidotetrahydrohumulene. It crystallised from light petroleum 
(b. p. 60—80°) as colourless needles, m. p. 151° (Found: C, 76-6; H, 11-9. C,,H,,ON requires 
C, 76:9; H, 11-8%). 

Methyl 8-Formylpivalate 2: 4-Dinitrophenylhydrazone.—Methyl {$-carboxypivalate (1-0 g.) 
(Bone, Sudborough, and Sprankling, J., 1904, 85, 534) was treated with thionyl chloride (3 c.c.) 
at room temperature for 4 days. The excess of thionyl chloride was evaporated under a vacuum 
and the product was shaken in dry xylene at 100° with 1% palladium—calcium carbonate 
(2 g.) under hydrogen. The filtrate was shaken with an aqueous solution of Brady’s reagent 
and the xylene was removed under a vacuum. The product was chromatographed in light 
petroleum (b. p. 60—80°) on alumina. The 2: 4-dinitrophenylhydrazone crystallised from the 
same solvent as fine needles (0-2 g.), m. p. 106° (Found: C, 48-4; H, 4-8. C,,;H,gO,N, requires 
C, 48-1; H, 5-0%). 

8-Formylisovaleric Acid 2: 4-Dinitrophenylhydrazone.—Methy] $-carboxyisovalerate (idem, 
loc. cit.) was treated as in the preceding experiment. The resulting ester was hydrolysed by 
cold dilute sulphuric acid, and yielded an alkali-soluble 2 : 4-dinitvophenylhydvazone (0-2 g.) 
which crystallised from ethanol and had m. p. 260° (Found: C, 46-3; H, 4:1. Cy.HyO,N, 
requires C, 46-4; H, 45%). 


€ 


Ozonolysis of Acetamidodihydrohumulene.—Acetamidodihydrohumulene (3 g.) was ozonised, 
as for nitrosohumulene. No volatile carbonyl compounds were detected on decomposition of 
the ozonide with water. Hydrogen peroxide (100-vol.; 5 c.c.) was added to the resulting 
solution, and the whole was left for 24 hr. The resulting acid fraction (1-8 g.) deposited a solid 
(0-7 g.) which crystallised from water and had m. p. 140° alone or mixed with as-dimethyl- 


succinic acid (Found: C, 49-1; H, 6-9. Calc. for CgH,,0O,: C, 49-3; H, 6-9%). The liquid 
acid gave B-formylpivalic acid p-nitrophenylhydrazone which crystallised from chloroform as 
fine yellow needes, m. p. 150° (Found: C, 53-8; H, 5-8. C,.H,,O,N; requires C, 54-3; H, 
5-7%), and the corresponding 2 : 4-dinitrophenylhydrazone which crystallised from chloroform 
as fine orange needles, m. p. 173° (Found: C, 46-5; H, 4:4. C,,H,,O,N, requires C, 46-4; 
H, 45%). The 2: 4-dinitrophenylhydrazone was treated with diazomethane, and the result- 
ing ester crystallised from light petroleum (b. p. 60—80°) as fine yellow needles, m. p. 106° 
alone or mixed with the above methyl] $-formylpivalate 2 : 4-dinitrophenylhydrazone (Found : 
C, 48-2; H, 5-0; N, 17-6. Calc. for C,;;H,,0,N,: C, 48-1; H, 5-0; N, 17-3%). 

Hydrogenation of Acetamidodihydrohumulene.—Acetamidodihydrohumulene (1 g.) was shaken 
with 10% palladium-—charcoal (2 g.) in ethanol and absorbed 166 c.c. of hydrogen (theor. 85 c.c. 
per double bond). Acetamidohexahydrohumulene (0-8 g.) crystallised from aqueous methanol 
as needles, m. p. 119° (Found: C, 76-7; H, 12:4. Calc. for C,,H,;,ON: C, 76-3; H, 12-4%). 
The product is considered to be identical with that described by Clemo and Harris (/., 1951, 
22). 

Dimethylaminodihydrohumulene.—Dimethylaminodihydrohumulene methiodide (10 g.) (pre- 
pared from aminodihydrohumulene, methyl] iodide, and methanolic potassium hydroxide) was 
heated from 180° to 230° at 12 mm. The yellow viscous distillate (4-3 g.) was separated into 
(i) a hydrocarbon (1-4 g.), b. p. 126—128°/12 mm., n?? 1-5051, which yielded a nitrosochloride, 
m. p. 177° (decomp.) alone or mixed with humulene nitrosochloride, and (ii) dimethylaminodi- 
hydrohumulene (2-8 g.), b. p. 146-—148°/12 mm., nx) 1-4979, d33 0-8912 (Found: C, 82-2; H, 
12-7; N, 5-4. C,,H,,N requires C, 81-9; H, 12-5; N, 56%). The methiodide, crystallised from 
acetone-—ether, had m. p. 212° (decomp.) (Found: C, 55-1; H, 8-6. C,,H,,NI requires C, 55-2; 
H, 88%). The picrolonate crystallised from 2-ethoxyethanol as plates, m. p. 240° (decomp.) 
(Found: C, 63-7; H, 7:7. C,,H3,0;N, requires C, 63-1; H, 7-7%). 

Emde Reduction of Dimethylaminodihydrohumulene Methiodide.—The methiodide (8 g.) in 
water (400 c.c.) was added to sodium amalgam (30 g. of sodium, 600 g. of mercury) and heated 
on the water-bath for 48 hr. while a slow stream of carbon dioxide was passed into the solution. 
The dihydrohumulene, freed from bases, distilled as a colourless liquid (3-8 g.), b. p. 124— 
126°/11 mm., n? 1-4910. 
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Ozonolysis of the hydrocarbon (1 g.), as for nitrosohumulene, yielded an ozonide which was 
warmed with water. The evolved gases were passed into an aqueous solution of Brady’s 
reagent and gave a solid (0-2 g.) which crystallised from ethanol as yellow needles, m. p. 182° 
alone or mixed with isobutyraldehyde 2: 4-dinitrophenylhydrazone. The aqueous solution 
contained isobutyric acid but only traces of as-dimethylsuccinic and $-formylpivalic acids. 

dimethylaminohexahydrohumulene.—Dimethylaminodihydrohumulene (1 g.) in methanol 
(150 c.c.) with 10% palladium-—charcoal (0-5 g.) absorbed hydrogen equivalent to two double 
bonds. The product was a colourless oil (0-95 g.), b. p. 142—145°/12 mm., n? 1-4889, and gave 
a methiodide, m. p. 268° (decomp.) (Found: C, 55-2; H, 9-7. C,,H,,NI requires C, 54-7; 
H, 97%). 


The authors thank Imperial Chemical Industries Limited and Messrs. John W. Leitch and 
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The Oxidation of Ferrous Perchlorate by Molecular Oxygen. 
By Putte GEORGE. 
[Reprint Order No. 5436.] 


The kinetics of the oxidation of ferrous ion by molecular oxygen, in 
perchloric acid solution, have been studied over a temperature range 25—40° 
at various pH’s and ionic strengths (adjusted by addition of sodium 
perchlorate). With air and oxygen at atmospheric pressure, and oxygen at 
100—130 atm., a special apparatus being used, the same kinetics were 
obtained, viz., 

—d [Fe] /dt = Roxy, [Fe**}*[0,] 


The overall third-order velocity constant k,,), increased slightly with a 
decrease of hydrogen-ion concentration according to an empirical equation 
Rexp, © [H*]-°*3; koxp, also increases slightly as the ionic strength is increased. 
The possibility that these kinetics depend on either the coupled oxidation of 
organic impurities, or catalysis by trace metals, is shown to be very unlikely. 
Cupric perchlorate catalysed the oxidation, but the effect was small, becoming 
maximal at 0-15—0-20m-Cu?* with a 2-5-fold increase in Rexp, 

The familiar electron-transfer and free-radical mechanism involving O,~ 
and HO, cannot account for these kinetics, which favour, instead, a 
mechanism of the type 


Fe?+ + O, — = Fe**O, 
Fe?+O, + H,O,Fe?* —» FeO,H*+ + HOFe*+ 


The second step involves hydrogen-atom transfer from a water molecule of 
the co-ordination shell of one ferrous ion to a ferrous ion—oxygen complex, and 
amounts to the transfer of two oxidising equivalents simultaneously—one 
intramolecularly and one intermolecularly. 

The oxidation data are discussed in relation to mechanisms recently 
suggested for the ferric-ion catalysed decomposition of hydrogen peroxide, 
because a simple radical mechanism has also been found to break down in 
this case. 


THE slow rate of oxidation of ferrous ions by molecular oxygen is probably the reason 
why this reaction has been investigated far less than the corresponding oxidation by 
hydrogen peroxide, and the ferric-ion catalysed peroxide decomposition. Yet a know- 
ledge of its kinetics is very desirable since the reaction mechanism must be consistent with 
those of the other reactions, hydrogen peroxide being a two-equivalent reduction state, 
intermediate in the overall four-equivalent reduction of molecular oxygen to water. 
Identical reaction paths at certain stages of the various reactions are in fact to be expected. 
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Early studies showed the rate of oxidation of ferrous sulphate and bicarbonate solutions 
to be directly proportional to the oxygen pressure (McBain, J]. Phys. Chem., 1901, 5, 623; 
Just, Ber., 1907, 40, 3695). A second-order reaction in ferrous ion was found in the case 
of the sulphate (McBain, Joc. cit.; Ennos, Proc. Camb. Phil. Soc., 1913, 17, 182; Boselli, 
J. Chim. phys., 1912, 10, 49), but a first-order reaction with the bicarbonate (Just, loc. cit.). 
Lamb and Elder’s more thorough investigation with ferrous sulphate confirmed these 
findings (J. Amer. Chem. Soc., 1931, 58, 137); and the few observations made by Pound 
with the nitrate and perchlorate suggest that these too show the same kinetic behaviour 
(J. Phys. Chem., 1939, 48, 955). In all cases the slow rate necessitated measurements 
corresponding to about 1°% total reaction, or having excessively long reaction times of 
several days. The present investigation was planned to check results obtained when 
using 1 atm. pressure of oxygen and a sensitive colorimetric method for estimating ferric 
iron, against those obtained by using about 100 atm. oxygen pressure and direct titration 
of ferrous ion, so as to establish beyond doubt the validity of these results. 

As early as 1907, Just (loc. cit.) discussed a reaction mechanism involving the HO, 
radical, recognising its relationship to the O,~ ion formed when an oxygen molecule accepts 
an electron. Later, Weiss proposed the following sequence of reactions (Naturwitss., 1935, 
23, 64) : 


| <i 
Fe?+ + O, => Fe3* + 0,7 


H* + 0. == HO, 
Fe? + HO, =—> Fe** + O,H- 
H* + 0,H- === H,0, 
2Fe2* + H,O, —> 2Fe3* + 20H- 


If the first of these is the rate-determining step with velocity constant k,, then the initial 
oxidation rate is given by 


—G[Fe]**/dt = &[Fe*)JO,.) . . ....-. Of 


This is only in accord with Just’s results for bicarbonate solution, and leaves unexplained 
the second-order dependence on ferrous-ion concentration obtained with sulphates, 
nitrates, and perchlorates. George (Adv. Catalysis, 1952, 4, 367) directed attention to this 
discrepancy, and referred to the results now reported in full below. Weiss (Expertentia, 
1953, 9, 61) has since published a revised mechanism which is referred to on p. 4358. 


RESULTS 

(a) Effect of varying the Ferrous-ion Concentration.—Initial oxidation rates were measured 
at two hydrogen-ion concentrations in a series of experiments with oxygen at one atmosphere 
pressure, in which the ferrous-ion concentration was varied by a factor of about forty. The 
log-log plot of rate against ferrous-ion concentration (Fig. 1) is linear with a slope of two, and 
so the reaction is of second order with respect to ferrous ion under these conditions. The 
points for the lower concentrations, less than 0-05M-Fe**, do not lie particularly well on the 
line, but there is no evidence of any systematic deviation. The discrepancies are probably due 
to the considerable error in the rate determinations under these conditions, for only about 
5 x 10% to 5 x 10°mM-Fe** was formed in 24 hr. 

A factor which has not yet been taken into account is the change of solubility of oxygen in 
the reaction mixture as the concentration of ferrous salt is altered. MacArthur’s measure- 
ments (J. Phys. Chem., 1916, 20, 495) on a variety of salts show that a fall in solubility, of 
about 16%, is to be expected over the entire range of ferrous salt concentrations employed. 
This would have the effect of improving the linearity of the data for 0-01M-HCIOQ, in Fig. 1, but 
not that for 0-103M: in any case the effect would be very small over the most reliable range 
from 0-025 to 0-:23m-Fe?t. 

Even with the highest ferrous-ion concentration used, 0-24M, as little as 3% was oxidised 
in the course of an experiment. Now, since traces of oxidisable organic matter are known to 
affect the oxidation of ferrous ion by hydrogen peroxide if molecular oxygen is present 


[1954] Ferrous Perchlorate by Molecular Oxygen. 4351 


(Baxendale, Evans, and Park, Tvans. Faraday Soc., 1946, 42, 155; Kolthoff and Medalia, 
J. Amer. Chem. Soc., 1949, 71, 3777, 3784; Barb, Baxendale, George, and Hargrave, Trans. 
Faraday Soc., 1951, 47, 462), it was desirable to see whether the above results were also obtained 
under conditions where such a complication is ruled out. Throughout an oxidation at oxygen 
pressures of about 100 atm. the oxidation was again found to be of second order with respect to 
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Fic. 1. Plot of the logarithm of the vate of ferrous- Fic. 2. Plot of the reciprocal of the ferrous-ion 
ton oxidation (xX 107) in mole/l./hy. against the concentration against time for oxidation experi- 
logarithm of the initial ferrous-ion concentration ments at 35° in 0-51M-perchloric acid: (a) Oxygen 
(x 10%) with oxygen at 1 atm. pressure, for two pressure 124 falling finally to 103 atm. ; (b) Oxygen 
perchloric acid concentrations : (a) 0-0103 mM and pressure 133—130 atm. with 8-3 x 10-°M-cupric 
(b) 0-103M, at 25°. perchlorate present in solution. 
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ferrous ion as shown in Fig. 2. The slight deviations noticeable toward the end of the experi- 
ments can be attributed to the unavoidable but known fall in oxygen pressure inside the steel 
block containing the reaction vessel. The reaction order remains unchanged whilst at least 
0-1m-ferrous ion is oxidised to ferric ion; it is therefore extremely unlikely that the kinetics 
depend in any way on oxidisable impurities because in the reaction with hydrogen peroxide 
Barb, Baxendale, George, and Hargrave (/oc. cit.) found that traces of impurities no longer affected 
this reaction provided that the concentration of the reactants was above 5 x 10°, 7.e., 0:05% 
of the ferrous-ion concentration employed in the present experiments. 
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(b) Effect of varying the Oxygen Pressure.—At four ferrous-ion concentrations the oxidation 
rate was found to be directly proportional to oxygen pressure, as shown in Fig. 3. Combining 
this result with that of section (a), we obtain the rate equation 


d[Fe*+]/d¢ = —d{Fe?*]/dé = heyy, [Fe*J*[0,] . . . . ~ (2) 


where k,,p, is the overall third-order velocity constant. Within experimental error this same 
oxygen-pressure dependence holds at pressures up to 100 atm., as the following calculation 
shows. The results plotted in Fig. 2a give a bimolecular velocity constant of 0-36 1. mole™ hr.-}. 
Assumption of an average oxygen pressure of 113 atm. throughout the experiment gives k,.). = 
0-36/113 = 3-2 x 10° 1. mole? atm. hr... At the same temperature and hydrogen-ion 
concentration, i.e., 35° and 0-51N-HCIO,, the simpler technique at atmospheric pressure gave 


Fic. 4. The variation of log (Rexp, X 10%) * for ferrous- Fic. 5. The rate constant Rexp, ( X 10°) 
ion oxidation in 5 x 10-M-perchloric acid in oxygen for ferrous-ion oxidation at 25° plotted 
at 1 atm. pressure at 25°, as a function of the tonic against the logarithm of the perchloric 
strength of the solution varied by additions of sodium acid concentration. The dotted portion 
perchlorate. of the curve passes through values of Kexp. 
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Similar data are also plotted for the uncatalysed oxid- * These velocity constants have 
ation of vanadic ions in 0-0125N-perchloric acid, log been corrected to allow for the variation 
(Runcat. X 10%),* and for the same oxidation catalysed of oxygen solubility with salt concen- 
by 10“‘m-cupric ion in 0-10N-perchloric acid, log tration (see p. 4351). The correction is 
(Rou X 10), both at 25° and 1 atm. pressure of oxygen not required in the copper-catalysed 
(Ramsey, Sugimoto, and DeVorkin, J. Amer. Chem. reaction because this is independent 
Soc., 1941, 68, 3480). of oxygen pressure. 
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koxp, = 3-7 X 10° 1. mole? atm. hr.1, The agreement to within 15% is very satisfactory 
considering the differences between the two experimental methods. 

(c) Effect of varying the Ionic Strength of the Solution.—The initial oxidation rates of a 
4-8 x 10-°m-ferrous ion solution containing 5 x 10-*n-perchloric acid in oxygen at atmospheric 
pressure and 25° were measured with the addition of various amounts of sodium perchlorate to 
the solution so that the ionic strength ranged from 0-15 to 1-66. The velocity constants were 
calculated by equation (2) and are given in the second row of Table 1. Before the effect of 


TABLE 1. The effect of increasing ionic strength, by addition of sodium perchlorate, on the 
velocity constant for ferrous-ion oxidation in 5 x 10-°mM-HCIO, in oxygen at atmospheric 
pressure at 25°. 


BODIE DUNN oo. sikinxsangnar ine cok evgpangieaton 
10 Rexp., 1. mole“! atm.~! hr.-1 
Corrected values of 108 Rexp. 


ionic strength on the velocity constant can be appreciated, these values need correction for the 
variation of oxygen solubility with the concentration of neutral salt present. By assuming that 
the variation with sodium perchlorate is identical with that found by MacArthur (/oc. cit.) with 
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potassium nitrate, which is justified since he found that many uni-univalent salts show a very 
similar effect, a multiplying factor has been evaluated for each ionic strength based on the 
oxygen solubility at zero salt concentration as the reference value. The constants corrected in 
this way are given in the third row of Table 1. The variation of the logarithm of the rate with 
ionic strength is a little less than first power, with a slope of about 0-26 (Fig. 4); with the square 
root of the ionic strength the variation is rather more than first power. 

(d) Effect of varying the Perchloric Acid Concentration.—With seven different concentrations 
of perchloric acid present, from 5 x 10°% to 1-0N, initial oxidation rates in oxygen at atmo- 
spheric pressure were measured at three or four ferrous-ion concentrations ranging from 0-077 
to 0-23m. In Fig. 5, the values of k,,,. are plotted against the logarithm of the perchloric acid 
concentration. Those for an acid concentration of 0-IN and less correspond to an effectively 
constant ionic strength of 0-4, whereas above this concentration the ionic strength of the 
solution increases progressively to 1-3. In this range the values have therefore been adjusted 
according to the data in Table 1 to ionic strength 0-4, and the broken portion of the curve in 
Fig. 5 drawn through them; &,,), can be seen to increase as the acid concentration is decreased 
below 0-5n, and increase again as the acid concentration is increased above 0-5N. This increase 
at high concentration, however, is less marked than would appear if no correction were made 
for the change in ionic strength. 

Fic. 7. The variation of Rexp. ( X ee for 
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Although f,p, is a function of the hydrogen-ion concentration, even if the range of this is 
low, it is not a simple function involving an integral order, nor is it of the form K/(K + [H*)), 
where K is an acid dissociation constant. The dependence below 0-5mM-HCIO, can be represented 
very approximately by [H*]~°*3, but this, of course, has no significance with regard to a kinetic 
mechanism. 

(e) Activation Energy for the Oxidation of Ferrous Ions by Molecular Oxygen in 0-51N- 
Perchloric Acid.—A plot of log k,,), against the reciprocal of the absolute temperature is linear, 
as shown in Fig. 6, and from the slope the activation energy is calculated to be 17-4 kcal. /mole. 
The particular acid concentration of 0-51N was chosen because it lies in the range where the 
rate varies least with changing acid concentration (see Fig. 4). In view of the slight variation 
of the rate with hydrogen-ion concentration, the activation energy can also be expected to vary 
a little; but because of the uncertainty in formulating a detailed reaction mechanism on the 
basis of which such data could be interpreted quantitatively, no further determinations have 
been made. 

(f) Effect of Added Cupric Ions.—Trial experiments showed that the colorimetric estim- 
ation of ferric iron in the presence of large amounts of ferrous iron with the “‘ ferron ’’ reagent 
was no longer reliable when cupric ions were present in the solution: abnormally high values 
were obtained. The effect of cupric ions on the oxidation of ferrous ions was therefore studied 
at oxygen pressures of about 100 atm., and the progress of the oxidation followed by 
permanganate titration as described on p. 4359. A series of experiments were carried out with 
various concentrations of cupric perchlorate in 0-51m-perchloric acid. The data were plotted 

7o 
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as for a bimolecular reaction, an example being given in Fig. 2b. Although the addition of 
cupric ions increases the rate somewhat, the order of the reaction with respect to ferrous ion 
remains the same. Velocity constants were calculated from the slopes of the lines and the 
mean oxygen pressures obtaining throughout the experiments as described in Section (b). 

A plot of these values of k,,,, against the cupric-ion concentration is given in Fig. 7. It 
being assumed that f,,p, shows the same variation with ionic strength as is found in the 
uncatalysed reaction, these values were adjusted to correspond to the lowest ionic strength 
obtained in the series, i.e., 1-1, by interpolation from the data in Table 1 (Fig. 4). The broken 
curve in Fig. 7 passes through these corrected values. It appears that cupric ion is only a poor 
catalyst : its effect reaches a maximum with a 2-5-fold increase in #,,,, when the relatively high 
concentration of 0-15—0-20m-Cu** is reached. 


DISCUSSION 


(i) Comparison with Other Results ——The results of the present study, obtained over a 
far wider range of experimental conditions than those of earlier investigations, confirm 
that the oxidation of ferrous ions by molecular oxygen is of first order with respect to 
oxygen and of second order with respect to ferrous ion. However, there are quantitative 
differences between oxidation in perchloric acid and in sulphuric acid as shown by Lamb 
and Elder (loc. cit.). In Table 2 their values for kexp, at 30° with different normalities of 


TABLE 2. A comparison of the velocity constants for the oxidation of ferrous ton by oxygen in 
sulphuric acid solutions at 30° (Lamb and Elder, loc. cit.) with those for oxidation in 
perchloric acid solution at 30° calculated from the present data. 

PGE ORPRRNIEY: a siiossacsssseriess <onecsece svadupene 1-0 
10° Rexp,, 1. mole“! atm. hr.-! in H,SO, .... 2-87 
103 Rexp., 1. mole atm. hr. in HClO, ... 3-5 


sulphuric acid are compared with values appropriate to perchloric acid, obtained by 
interpolation from the data at 25° plotted in Fig. 5, the temperature coefficient 1-65, 
calculated from Fig. 6, being used to allow for the 5° difference. A sharp rise in the 
magnitude of exp, is to be noted for sulphuric acid at the lowest normality, but not for 
perchloric acid; with this exception the values of exp. are roughly similar. More marked 
differences are found when cupric ion is present. The maximum increase in exp, in 
perchloric acid is somewhat less than three-fold (Fig. 7), whereas Lamb and Elder found 
that kexp, increased more than 30 times, from 2-87 x 10° to 87 and 98 x 10° |. mole”! 
atm”. hr.! with 0-05 and 0-lM-cupric ion. This behaviour could be attributed to the 
ability of SO, and HSO,~ ions to form ion-pair complexes, particularly in the cupric-ion 
catalysed reaction, where the cuprous ion is a likely intermediate. 

The experiments in section (a) at high oxygen pressures show convincingly that the 
oxidation studied is not a complicated coupled oxidation involving traces of organic 
impurities, because the reaction order remains substantially the same whilst a concentration 
of 0-13M-ferrous ion of a total concentration of 0-23M is oxidised. The identical kinetics 
and good quantitative agreement between velocity constants at high and low oxygen 
pressures are strong evidence that the oxidation under these more readily available 
conditions is also a true oxidation of the ferrous ion as such. 

It is more difficult, however, to decide whether the results are the consequence of 
heavy-metal catalysis by trace impurities. The following considerations suggest that it 
is unlikely. First, good reproducibility was obtained with different preparations of the 
stock ferrous perchlorate solution. This involved a precipitation, and variations in the 
degree of adsorption of catalytic impurities might be expected which would have led to 
irreproducible oxidation rates. Irreproducible rates are in fact found in the uncatalysed 
oxidation of vanadic (V**) ions by oxygen, owing to the susceptibility of this oxidation 
to cupric-ion catalysis (Ramsey, Sugimoto, and De Vorkin, J. Amer. Chem. Soc., 1941, 63, 
3480). Furthermore, there is a marked change in the kinetics of the vanadic-ion oxidation 
when it becomes catalysed. With a cupric-ion concentration of less than 10-6m, the rate 
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equation is —d[V%*]/dt = Runcat. [V**][O,]/[H*], whereas the cupric-ion-catalysed rate, 
whilst still proportional to [V**]/[H*], is independent of oxygen pressure. The explan- 
ation suggested is that in the uncatalysed reaction the rate-determining step is 


VGH + 0,—o- VOM tele. 6 nsw » @ 


whereas with the cupric-ion concentration above a certain threshold value the following 
reaction, which does not involve oxygen, is more important 


VOH?* + Cu** —» VO?* + Cu* + H* apo aba 


In contrast to these reactions, the dependence of the ferrous-ion oxidation upon oxygen 
pressure, and the already high reaction order, suggest that it is not a catalytic process. 

(ii) Reaction Mechanisms, and Correlation with Data on the Decomposition of Hydrogen 
Peroxide.—The second-order dependence on ferrous-ion concentration, fully borne out in 
the present study, shows that under these conditions the oxidation does not proceed by 
the simple sequence of electron transfer and radical reactions, giving rate equation (1), 
which were proposed by Weiss (loc. cit.). The uncatalysed oxidation of vanadic ions 
(p. 4354) is, however, in accord with this type of mechanism. 

The increase in rate of the ferrous-ion oxidation when cupric ions are present is also 
contrary to the radical mechanism, unless additional reactions are brought in. For in the 
hydrogen peroxide system, cupric ions have been shown to increase the peroxide decomposi- 
tion rate in a manner consistent with the cupric ion reacting some 25 times more rapidly 
than the ferric ion with O,~-. A catalysis of the reaction between Fe**’ and O,~ thus 


results through the two steps 
Cu?* + O,- —» Cu* + O, 
Cut + Fe?* —» Cu®* + Fe?* eo ee ee 


(Barb, Baxendale, George, and Hargrave, Trans. Faraday Soc., 1951, 47, 462, 591). If 
(c) and (d) were the only reactions of copper ions in the oxidation reaction, then according 
to the radical mechanism a decrease in rate, and not an increase, should be observed. The 
reverse of reactions (c) and (d) could be considered to account for the increased rate of 
reaction, the mechanism of which need not necessarily have steps in common with the 
uncatalysed reaction. Reaction (d) would have to be rapid, and reaction (c) many times 
faster than the corresponding reaction between Fe?* and O,. Ramsey, Sugimoto, and 
De Vorkin (loc. cit.) have, in effect, suggested a similar mechanism for the cupric-ion 
catalysed vanadic-ion oxidation [reaction (d)]. 

A very straightforward mechanism for the uncatalysed oxidation ot ferrous ion involves 
the primary formation, in a rapidly established equilibrium (e), of a ferrous ion—oxygen 
complex which then reacts with a second ferrous ion in a rate-determining step (f) : 


Re 
Bet +O, sete Beh 0, ns cw ew th se 


k 
Fe?'O, + Fe? + 2H'—> 2Fe* 4+H,O, . . . . . . (f) 


Two more ferrous ions reacting with the peroxide molecule complete the reduction of 
oxygen to water: 2Fe?* + H,O, + 2H* —» 2Fe** + 2H,O. This mechanism accounts 
for the kinetics given by equation (2), but leaves unexplained the observation that Rexp, is 
almost independent of [H*] and not proportional to [H*]? as reaction (f) would imply. 
This difficulty can be resolved by introducing the two hydrogen ions in equilibria following 
reaction (f), so that in (f) itself ionised species are produced. One possibility is reaction (g) 
giving the ion-pair complexes FeOH?* and FeO,H?* whose existence was established by 
Evans, George, and Uri (Trans. Faraday Soc., 1949, 45, 230). Reaction (g) accounts 


kg 
Fe?'O, + H,0,Fe** <> FeO,H** + HOFe** 
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for the relative independence of fexp, with respect to [H*], and has the great merit 
of replacing (f), which has four reacting species, by a simple bimolecular reaction which 
can be envisaged as hydrogen-atom transfer between a water molecule of the solvation 
shell of one ferrous ion and the ferrous ion-oxygen complex. The small effect of [H*] 
on exp, can be considered to arise through an ionisation of one of the water molecules which 
solvate the complex. But before considering this mechanism further, it is desirable to 
correlate the oxidation data with the peroxide decomposition data, particularly with 
regard to suggested reaction mechanisms, because a simple radical mechanism for the 
peroxide decomposition has also been found to break down under certain experimental 
conditions. 

In the ferric-ion-catalysed peroxide decomposition, Barb, Baxendale, George, and 
Hargrave (loc. cit.) showed that the radical mechanism (7) accounts satisfactorily for the 


yi 
Initiation : Fe*+ + H,O, —> Fe?* + HO, + H* 


Ro 
Propagation : Fe?* + H,O, —> Fe** + HO + OH- 


ky 
HO + H,O, —> H,O + HO, 
hy 
Fest + HO, —> Fe?+ + O, + H* 


ky 
Termination : Fe?* + HO—» Fe** + OH- 


hy 
Fe?t + HO, —> Fe** + 0,H- 


observed kinetic behaviour, given by equation (3) at high values of the [H,O,]/[Fe**] 
ratio : 


—d{H,0,]/dt oc [Fe*][H,O,]/[H*] . ...... (@) 


e.g., 5}0—1000, provided that termination by reaction of HO, predominates. This would 
be expected from data on the ferrous ion—peroxide system. 
Stationary-state analysis of these reactions gives 


—d[H,0,]/dt = 2(kikohy/k,)'[Fe*][H,O,] . . . . . (4) 


This mechanism thus accounts for the dependence on [Fe**] and [H,O,], and the correct 
[H*] dependence also follows if the steps with velocity constants k; and ky are taken to 
proceed via the ionised species O,H~ and O,~. However, with low ratios [H,O,]/[Fe**] 
of about unity, rate equation (3) no longer holds, equation (5) taking its place : 


—d{H,O,]/dt oc [Fe?*][H,O,}'/[H*]">1 . . . . . (6) 


Although reference to the ferrous ion—peroxide system shows that termination by the 
HO radical should now predominate, this leads to the rate equation 


—d{H,0,]/dt = 2(hjkohe/k,)*[Fe**}![H,O,? . . . . . (6) 


with a hydrogen-ion dependence of 1/{[H*]!, derived from (;)!. So there is a discrepancy 
with respect to the order of both [Fe**] and [H*]. Barb, Baxendale, George, and Hargrave 
considered as an additional initiation reaction (hk) which, it will be seen, is another 


Fe3+ + FeO,H?t —» 2Fe?t +0,+Ht . . . . (h) 


alternative for the reverse reaction of (f). Initiation by (h) gives the correct dependence 
on [Fe**] if it replaces entirely initiation by (i), but this was contrary to the expected 
contribution of (7), as judged from the value of k; obtained from experiments with high 
(H,O,}/{Fe**]. Furthermore, it left unexplained the [H*] dependence of (5), since both 
initiation reactions (t) and (h) are identical in this respect. It was therefore concluded 
that under these concentration conditions other reactions were present, which play no part 
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either in the system at high values of [H,O,]/[{Fe**] or in the ferrous ion—peroxide system : 
and by inference reactions of the type (4) were to be neglected. 

From experiments with isotopic oxygen, Cahill and Taube (J. Amer. Chem. Soc., 1952, 
74, 2312) have put forward a different mechanism for both high and low ratios of 
[H,0,]}/[Fe**], in which two-equivalent oxidation of ferrous ion by peroxide also occurs, 
giving a Fe(1v) derivative which, by reacting with a further peroxide molecule, gives its 
own peroxide complex, FeO,H**. Reactions of these intermediates provide part of a 


new chain propagation mechanism : 
Initiation : Fe** + H,O, [> FeO,H** + Ht 5 eared th tonne 
Pe a PE eR OO ee 
Fe** + HO, —» Fe? + O, + Ht 
Propagation : Fe** + H,O, —» Fe(rv) + 20H- i oe 
Fe(1v) + H,O, —» FeO,H** + H* 
FeO,H** —» Fe** + HO, 
Fe3+ + HO, —» Fe?* + O, + Ht 
Termination : Fe?+ + H,O, —» Fe**+OH-+HO ..... hk, 
Fe?+ +. HO —+» Fe** + OH- 
This mechanism accounts for rate equation (3) at high values of [H,O,]/[Fe**], and, with 


alternative termination reactions governed by this ratio, it accounts for equation (5) too : 
however, the detailed agreement with data for the ferrous ion—peroxide system was not 
explored. 

Now the following calculation, based on the present oxidation results, suggests that an 
additional initiation reaction involving two ferric ions and the peroxide molecule must 
necessarily be considered as well as other modifications to the radical reaction scheme, 
like those proposed by Cahill and Taube (/oc. cit.). In view of the relative independence of 
Rexp. With respect to [H*], only equations like (g’) need examining, and (g’) itself provides 
a good example since the detailed mechanism of the reverse reaction (g) is a very 
appropriate oxidation step. The two steps (e) and (g), together with the equilibria for 
the formation of the ion-pair complexes FeOH?* and FeO,H?*, constitute the reduction 


of oxygen to hydrogen peroxide by Fe?* : 


- 
oFe** + O, + 2Ht = oF +HO,. 2. . . . (i) 
If K, = [Fe**]/[FeOH?*][H*] and K, = [Fe°*](H,0,]/[FeO,H?*](H*], then by combining 


the various equilibria, K; is found to be K.2,/K,K,k,’. A value of Kj = 10 mole 1.4 atm. 
at unit hydrogen-ion concentration and 25° can be calculated from the oxidation-reduction 
potentials of 0-682 v for the O,-H,O, couple (Latimer, “‘ Oxidation Potentials,” 2nd Edn., 
Prentice-Hall Inc., New York, 1952) and 0-741 v for the Fe**—Fe?* couple at the 
appropriate ionic strength of 1-0 (Schumb, Sherrill, and Sweetser, J. Amer. Chem. Soc., 
1937, 59, 2360). Kk, will be one half of exp, determined in the oxidation experiments, 
since four ferrous ions, rather than two, are consumed per oxygen molecule when water 
is the final reduction product rather than peroxide. At unit hydrogen-ion concentration 
and 25°, K.k, thus has the value 2-9 x 10°? 1. mole! atm. sec.“!, and hence K,K,k,’ = 
2-9 x 10-5 1.2 mole? sec.-1. The hydrogen-ion dependence, which is implicit in the back 
reaction of (7) if it proceeds via the reaction path (g’), entails that K,K,f,’ is given in 
general by 2-9 x 10°5/[H*]? 1.2 mole® sec.' at the hydrogen-ion concentration usually 
employed. 

According to the radical mechanism, k; = 9-1 x 10°*/[H*] 1. mole? sec. at 25°, 
calculated from data for high [H,O,]/{Fe**] values, hence by equating the initiation rates, 


it follows that (g’) should predominate at [Fe**] > 9-1 x 10-7. [H*]/(2-9 x 10°) = 
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0-031{H*}]. The ferric-ion and hydrogen-ion concentrations used have therefore been 
such that (g’) should play an important réle, ¢.g., high values of [H,O,]/[Fe**], 1— 
20 x 10°°m-Fe* and 5—200 x 10°$n-H*: low values of [H,O,]/[Fe**], 5 x 10-’m-Fe** 
and 2-8—25 x 10°-2n-H*. 

Although the initiation rate constant, given by k,Kyn, has not been evaluated for the 
mechanism proposed by Cahill and Taube (loc. cit.), provided that the chain length given 
by k,/k, has values greater than 10°—10%, then k,Kim would be less than 1-2 x 10°5— 
1-2 10°® because the overall decomposition constant, given by k,Ki1k2/ky, has the value 
1-2 x 10°31. mole™ sec.! at unit hydrogen-ion concentration and 25° (Barb, Baxendale, 
George, and Hargrave, loc. ctt.). In these circumstances, therefore, reaction (g’) should 
also play an important réle in Cahill and Taube’s mechanism. In spite of the uncertainties 
inherent in these calculations, it does appear that the contribution of an additional 
initiation reaction of the type described warrants consideration in the peroxide decom- 
position mechanism. 

Returning to a consideration of the oxidation, we see that Weiss’s revise:i mechanism 
(Experientia, 1953, 9, 61) is in many respects similar to that developed abovs, except that 
he proposed an ion-pair structure for the complex, Fe**O,~, and did not «crsider the 
second step in detail. On the basis of heats and entropies of reaction, Fe**O,~ appears to 
be a less favoured structure than Fe?'O,, where electron transfer within the complex has 
not occurred. If we take (Eo,+ So,-) =79 kcal./mole, So, =3 kcal./mole, and 
I ye?+ aq. = 95 kcal./mole, we see that the reaction Fe?*ag. + O, — Fe**ag. + O,7 is 
endothermic to the extent of about 19 kcal./mole. AH° values for the formation of ion- 
pair complexes of the ferric-ion range from —4-3 to +-8-5 kcal./mole as shown in Table 3; 


TABLE 3. AH°® for the formation of 1on-pair complexes of ferric ton. 
Complex... 504 cescesses cesccssccwess.s) BOGE” OB Rs FeF?2+ FeCl?+ FeBr?+ FeN,?+ 
AST? Choad POTS) geskvw nie wanceeasa —1]-2 +1-8 +7°5 +8-5 +6-1 —4-3 
(For references see Uri, Chem. Reviews, 1952, 50, 375, Table 10). 


and the value for Fe**O,H-, which on structural considerations should be the best 
approximation to Fe**O,~, is 1-8 kcal./mole. Thus the reaction between the ferrous ion 
and oxygen giving a complex Fe**O,~ should, according to these values, be endothermic 
to about 21 kcal./mole. The entropy change accompanying the reaction Fe?* + O, —» 
Fe?’ O,~ should also be less favourable than that accompanying complex-formation without 
charge transfer, because the greater charge separation in Fe**O,~ would involve tighter 
bonding of the water molecules in the solvation shell. It is noteworthy that kinetic 
studies of the analogous oxidation of myoglobin, a ferrous hemoprotein (MbFe**,H,O), 
which readily combines reversibly with oxygen to give a covalently bonded complex 
Mbri1)O,?*, have led to a provisional value of about 20 kcal./mole for the energy 
required to excite MbFe(11)O,?* to MbFe**,O,- (George and Stratmann, Biochem. J., 
1954, 57, 568). 

In conclusion, one aspect of the ferrous-ion oxidation can profitably be compared with 
those of similar oxidation-reduction reactions. The simple radical mechanism (Weiss, 
loc. cit.), if it occurred, would consist of a very endothermic step, —-19 kcal./mole, followed 
by a very exothermic step, +19—29 kcal./mole (Barb, Baxendale, George, and Hargrave, 
loc. cit.). The more complicated reaction path suggested above utilises the heat available 
from the latter reaction, which would otherwise be dissipated, to “ drive’’ the former 
reaction, by resorting to the transfer of two oxidation equivalents at the same time—one 
intermolecularly and the other intramolecularly, as shown in (g). 

Similar thermochemical relations also hold for the two radical reactions long believed 
to account for the oxidation of the ferrous ion by hydrogen peroxide : 


Fe?+ + H,O, —» Fe** + HO + OH- — 5 kcal./mole sie « 
Fe?* + HO —» Fe** + OH- + 44 kcal./mole 


and Cahill and Taube’s suggestion that Fe(1v) is formed initially, Fe?* + H,O, —» 
Fe(1v) + 20H~, could be considered as another example of a two-equivalent oxidation, 


[1954] Ferrous Perchlorate by Molecular Oxygen. 4359 


more favoured because of such energy relations. Indirect support for this kind of reaction 
mechanism comes from the peroxide reaction of metmyoglobin, MbFe**,H,O, the ferric 
form of myoglobin, which appears to follow a similar path to this with all the iron 
compounds one oxidation number higher. The only relatively stable intermediate is the 
single-equivalent oxidation product, MbFe(Iv). Yet calculations of its heat of formation 
suggest that it is not formed in a reaction corresponding to (/), but by the single-equivalent 
reduction of a two-equivalent oxidation product formed initially. This is in effect a 
quinquevalent iron compound, and may be the myoglobin analogue of the first inter- 
mediate compound appearing in peroxidase and catalase reactions (George and Irvine, 
Biochem. J., 1952, 52, 511; Chem. Soc. Special Publ. No. 1, 1954, ‘ Kinetics and 
Mechanism of Inorganic Reactions in Solution,’’ London, 1954). 


EXPERIMENTAL 


““AnalaR’”’ grade reagents were used wherever possible. 0-24m-Stock solutions of ferrous 
perchlorate and cupric perchlorate were prepared by carefully mixing solutions containing 
equivalent amounts of the sulphate and barium perchlorate, allowing the precipitate to settle, 
decanting, and filtering. A little perchloric acid was added to the ferrous sulphate before 
precipitation, making the solution 5 x 10-°n; it was kept in a refrigerator at 4°. Analysis 
showed that the ferric-ion concentration initially present in such a stock solution varied from 
about 1 x 10*to 3 x 10™n. 

The kinetics of ferrous-ion autoxidation in perchloric acid solution at 25—40° were studied 
by two methods. In the first, air or oxygen at atmospheric pressure was bubbled through 
solutions of ferrous perchlorate made up in various concentrations of perchloric acid and kept 
in a thermostat. The extent of oxidation was determined by colorimetric estimation of the 
ferric ion produced by means of “ ferron,’’ 8-hydroxy-7-iodoquinoline-5-sulphonic acid, based 
on that suggested by Swank and Mellon (Ind. Eng. Chem. Anal., 1937, 9, 406). A 2, 5, or 10 ml. 
sample of the reaction mixture, or a suitably diluted portion of it depending on the expected 
ferric-iron concentration, was added to 25 ml. of a buffer made from 50 ml. of 0-5mM-sodium 
chloroacetate and 200 ml. of 0-5m-chloroacetic acid diluted to 11. 2 Ml. of a 2% solution of the 
ferron reagent in water were then added, followed by distilled water to give a final volume of 
100 ml. The optical density of the resulting greenish-blue solution was measured in a 4-cm. 
cell by means of a Hilger Spekker colorimeter equipped with Ilford 607 orange filters 
and Chance’s protective heat-absorbing glass. A linear calibration curve was obtained with 
ferric nitrate solution as standard, an optical density of 0-50 corresponding to 4 x 10-5m-ferric 
iron in the final solution. Control calibrations showed that 10°m-ferrous iron in the solution 
had no effect. Since this concentration is at least twice that present in samples made up from 
portions of the reacting mixture during oxidation experiments, this method of analysis is well 
suited for following the progress of the oxidation. 

In the second method similar solutions of ferrous perchlorate were placed in a small 
cylindrical glass vessel which fitted snugly inside a hollow steel block connected to an oxygen 
cylinder. The block had the dimensions 5 x 5 x 15 cm. and was made in two pieces which 
screwed together. It was drilled to a depth of 10-5 cm., and in this cavity, of diameter 2 cm., 
was placed the reaction vessel, a glass cylinder of 1-7 cm. internal diameter with flattened, 
drawn-off ends. The ferrous perchlorate solution, 9 ml. in all, was introduced through a hole 
4-5 cm. from one end of the cylindrical vessel. This hole was not closed during a run to ensure 
that at all times the solution was in contact with the oxygen at high pressure. A few glass 
beads placed in the vessel, with a tilting mechanism operating at 3} cycles/min., stirred the 
solution effectively without splashing it. The progress of oxidation was followed by titrating 
1 ml. portions with potassium permanganate. 
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Adsorption at Inorganic Surfaces. Part I. An Investigation into the 
Mechanism of Adsorption of Organic Compounds by the Anodic Film 
on Aluminium. 

By C. H. Gites, H. V. Menta, C. E. STEwart, and R. V. R. SUBRAMANIAN. 
[Reprint Order No. 5402.] 


The adsorption of organic compounds by chromic acid anodised films on 
aluminium has been studied. In water the film is positively charged and 
anionic compounds are adsorbed, but not cationic compounds. Non-ionic 
compounds of suitable structure may also be adsorbed from aqueous or non- 
aqueous solution. The film consists of substantially pure y-alumina and the 
following adsorption mechanisms are shown to operate in aqueous solution : 
(a) salt formation between the metal of the film and certain sulphonated 
compounds, (b) ion-exchange at the surface with some sulphate esters, 
(c) hydrogen-bond formation between the oxygen of the film and the hydrogen 
atom of phenolic groups, (d) chelation between the metal of the film and 
suitable pairs of ortho-substituents in the solute; and in non-aqueous solution : 
(e) hydrogen-bond formation with phenols and amines, and (f) a “‘ bridge- 
bonding ’’ mechanism by which some donor solutes can be adsorbed; in this a 
bifunctional hydrogen-bonding compound, e.g., quinol, is attached by one of 
its substituent groups to the film and by the other to the donor compound, 
€.g., azobenzene. 

Except by mechanism (f) donor compounds are not adsorbed. The 
protective action of the solvent can also prevent adsorption of many solutes, 
such as some sulphonates from water, and amines from benzene or water. 


Anopic oxide films on aluminium are readily prepared in uniform and consistent quality. 
Moreover, as the present paper describes, they exhibit a wide variety of attractive forces 
in their adsorption properties, so that they are a suitable subject with which to study some 
aspects of the adsorption of organic compounds at inorganic surfaces. 

Nature of Anodic Films on Aluminium.—The production of hard, protective oxide 
films on aluminium by anodic treatment in acid solution, and their coloration by dyeing 
to give deep and fast shades, was disclosed by Bengough and Stuart (B.P. 223,994—5) in 
1923. Both processes are now extensively employed on a technical scale. In practice, 
solutions of sulphuric acid (Gower and Stafford O’Brien and Partners, Ltd., B.P. 290,901), 
oxalic acid (Zaidan Hojin, Rikagaku, and Kenkyujo, B.P. 226,536), or chromium trioxide 
(Bengough and Stuart, loc. cit.) are normally used as electrolytes in the anodising process. 
These solutions have a partial solvent action on the film, which gives the outer layers an 
open structure and allows the electrolyte to remain in contact with an inner, more compact 
layer, which probably controls the electrical properties. The film can be built up to any 
desired thickness, even to the point of almost complete disappearance of the base metal, 
but the rate of growth reaches a maximum and then decreases, owing to the competing 
solvent action of the electrolyte. A thin compact oxide layer is formed first at the metal 
surface, then, as electrolysis proceeds, Al** ions diffuse outwards through this layer, under 
the influence of the applied electric field, and some of them unite with O?- ions at the 
liquid-solid boundary to form alumina. In sulphuric acid solution the remainder form a 
soluble salt with the electrolyte and diffuse away into the solution. The outer layers of the 
film appear to be penetrated by evenly distributed tube-like pores, forming 5—15% of the 
total surface area. The porosity may be increased, at the expense of the hardness of the 
film, by raising the temperature of the electrolyte. 

Although the physical properties of the film vary considerably according to the nature 
of the electrolyte and conditions of electrolysis, its chemical composition remains the 
same. This is essentially amorphous or very finely crystalline y-alumina. Impurities 
from the metal or the electrolyte may be present; thus films from sulphuric acid baths 
contain about 13% of basic sulphates, some monohydrate (Al,0,,H,O), and some loosely 
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held water. The film formed in chromic acid is the purest and is almost entirely y-alumina 
(s.g. ca. 2-7) with only ca. 0-1% of impurity (as Cr). Some partial hydration of the oxide 
may take place during electrolysis but the present work gives no evidence of this. The 
degree of crystallinity appears to increase with rise in temperature of the electrolyte. Dry 
heating above 100° drives off any loosely held water, but does not decrease the adsorptive 
powers; treatment with steam or with water above 80°, however, causes the film to lose 
its adsorptive powers entirely. This effect, known as “ sealing,’”’ is caused by blocking 
of the pores through the formation of a thin layer of «-alumina monohydrate (boehmite) 
containing an additional molecule of lattice water. Dry heating above 100° subsequent 
to sealing removes water and reconverts a proportion of the monohydrate into y-alumina. 
The adsorptive capacity of the film is thus partially restored. Heating to temperatures 
up to 650° does not appreciably alter the film, but at ca. 900° the internal structure 
changes entirely, and «-alumina is produced (Pullen, Metal Ind., 1939, 54, 327; also 
personal communication; Jenny and Lewis, ‘‘ Anodic Oxidation of Aluminium and its 
Alloys,” London, Charles Griffin and Co. Ltd., 1940; see also, e.g., Burwell and May, 
Pittsburgh Intern. Conf. on Surface Reactions, 1948, 10, through Chem. Abs., 1948, 42, 
7222; Edwards and Keller, Trans. Electrochem. Soc., 1941, 79, Preprint through Chem. 
Abs., 1941, 35, 1705). 

Excellent general accounts of the preparation and properties of these films are given 
in two recent monographs: (a) The Aluminium Development Association, Inform. Bull. 
No. 14 “‘ Anodic Oxidation of Aluminium and its Alloys,” London, 1949, which includes 
comprehensive literature and patent references; and (b) Hiibner, ‘ Aluminium—Surface 
Treatment and Colouring,’ Ciba Review No. 92, Basle, Ciba Ltd., June, 1952. 

In contrast with the large amount of investigation devoted to the nature of anodic 
films, virtually no serious attention seems to have been given to the investigation of their 
adsorption properties; Gill (J. Electrodepositors’ Tech. Soc., 1946, 21, 235), in a general 
account of the methods of dyeing the material, suggested that lake formation occurs with 
dyes which form aluminium chelate complexes, and physical adsorption with those which 
do not, and Haller (Kolloid Z., 1943, 105, 147) has suggested that the degree of dispersion of 
both the dye and the grains of oxide in the film have some influence on adsorption. 
Further, comparatively little study appears to have been made of the detailed chemical 
mechanism of adsorption of dyes and simple aromatic compounds by the various other 
forms of solid or hydrated alumina, though this is such an important factor in various 
technical processes, including chromatography. Ruggli and Jensen (Helv. Chim. Acta, 
1935, 18, 624; 1936, 19, 64) made a variety of chromatographic tests by which they 
determined the qualitative influence of structural characteristics of dyes, e¢.g., the position 
and number of azo-, vinyl, or sulphonic acid groups upon their ease of adsorption on 
alumina columns; and several other investigators (Mutch, Quart. ]. Pharm., 1946, 19, 490; 
Weiser and Porter, J. Phys. Chem., 1927, 31, 1704; White and Gordon, 7d1d., 1928, 32, 380; 
Ruiz, Ind. parfum., 1946, 1, 187, through Chem. Abs., 1948, 42, 5675; Hesse and Sauter, 
Naturwiss., 1947, 34, 250) have examined the adsorption of acid and basic dyes by various 
forms of aluminium oxide; and Hoyer (Kolloid Z., 1951, 121, 121) observed the reduced 
strength of adsorption by alumina of amino- or hydroxy-compounds when these are 
involved in intramolecular chelate ring systems. 

The aim in the present research has been to determine the nature of the forces operating 
in the adsorption of organic solutes on the anodic films, the actual solutes used being so 
chosen that the action of each of the possible types of attractive force, t.e., physical 
(van der Waals attraction, electrostatic attraction) or chemical (chelation, hydrogen-bond 
formation, salt formation) could be demonstrated. The substances used have been mainly 
simple aromatic compounds, but a few aliphatic or more complex aromatic compounds 
have been included where necessary. A subsequent communication will describe a more 
detailed study of the adsorption of dyes by the film. 

The procedure followed was to anodise aluminium foil in chromic acid solution, and 
then to treat it with the selected solutes under a variety of conditions of concentration, 
temperature, time, and nature of solvent, the extent of adsorption of some solutes being 
determined by quantitative analysis of the solutions before and after the test. 
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TABLE 1. Summary of results of adsorption tests.* 
Initial 
bath 
Sol- concn. Time Crt 
Positive adsorption. vent ft (g./1.) Temp. (hr.) (mmole/kg.) Remarks 


Amino-compounds. 


+ 


Qual. 
Fig. 3 


4-Aminoazobenzene 
Phenylazo-1-naphthylamine : 
ca. 20 
Fig. 3 
Qual. 


Phenylazo-2-naphthylamine 
Magenta (C.I. 677) 


Anionic compounds. 
(ee 440, 
550, 550 
Na dodecyltoluenesulphonate - Fig. 8 
Hematein (C.I. 1246), water-soluble Cr-com- j — - Qual. 
plex ** 
Naphthalene-2-sulphonic acid 1—10 40 24 ca. 100 
2-Nitronaphthalene-4 : 8-disulphonic acid 0-05—0-2 40, 60 48 max.ca. 50 
Sulphonated azo-dyes, e.g., Orange I, II, - ao 
Tartrazine (C.1. 150, 151, 640, respectively) 
Sulphonated triphenylmethane dyes, e.g., : 0-1—0-3 40, 55 40 - Qual. 
Acid Green M conc., Erioglaucine, Acid 
Magenta, Lissamine Green V (C.I. 669, 671, 
692, 735, respectively) 
Na tetradecyl sulphate 
Na oleyl sulphate 


Azobenzene-4-sulphonic acid 


Fig. 7 


Hydroxy-compounds. 
Phenylazo-2 : 4-dihydroxyquinoline (Dis- - - Qual. 
persol yellow 3G §) 
Phenylazo-1-naphthol 
2 : 4-Dinitrophenol - 2 
p-Nitrophenylazo-N-ethyl- N-2-hydroxy- , - - Qual. 


Fig. 4 


ethylaniline (Dispersol Fast Scarlet B §) 

2-Chlorophenylazo- N -ethyl- N -2-hydroxy- - — - Qual. 
ethyl-4-nitroaniline (Dispersol Fast Crim- 
son BS) 

Phenol 

Quinol 

Resorcinol 


. Fig. 4 
230 
50 


Lake-forming compounds. 

Catechol 

Alizarin 

Na | : 4-diaminoanthraquinone-2-sulphonate 

Hematein 

1: 4:5: 8-Tetra-aminoanthraquinone 
(Duranol Brilliant Blue CB §) 

Solway Blue B (C.I. 1054) and other water- 
soluble mordant dyes 


No adsorption. 
Amino-compounds. 


2-Aminoanthraquinone 
4-Aminoazobenzene 
p-Anisidine 

Aniline 
Phenylazo-2-naphthylamine 
m-Nitroaniline 
p-Nitroaniline 


2 : 4-Dinitroaniline 
2-Naphthylamine 


Anionic compounds. 


Benzenesulphonic acid 
Na benzenesulphonate 
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TABLE 1. (Continued.) 
Initial 
bath 
Sol- concn. Time Cy } 
No adsorption. vent ft (g./IL.) Temp. (hr.) (mmole/kg.) Remarks 


Donor compounds. 


Anthraquinone T 1-0 40 

Azobenzene . 40, 60 

Phenylazo-2-naphthol 3 -1—2: 40, 60 

3-Methoxybenzanthrone (Duranol Brilliant i 2 40 
Yellow 6G) 

Naphthylazo-2-naphthol 0-1 40—60 

1 : 2-Naphthaquinone . 40 

Nitrobenzene 5 40 

p-Nitrophenylazodiphenylamine (Dispersol - — 
Fast Orange A §) 

o-Nitrophenol —1:0 40, 60 


Cationic Compounds.— 

Azo-compounds. 
Bismarck Brown (C.I. 20) : . Qual. 
Janus Red B (C.1. 266) j ( Qual. 


Phenolic compounds. 
Hzmatein, water-soluble Al-complex ** f - - — - Qual. 
isoHematein sulphate j Qual. 
2-4’-Hydroxystyrylbenzothiazole ethiodide f 2 : Soln. dec. 
2-4’-Hydroxystyrylquinoline methiodide ; ° 2 Soln. dec. 


Triphenylmethane compounds, etc. 
Malachite Green (C.I. 657) j 1-¢ Qual. 
Methyl] Violet 2B (C.I. 680) j ‘0 
Methylene Blue B (C.I. 922) 
Rhodamine B (C.I. 749) 


Results uncertain owing to suspected 
decomposition. 
Na anthracene-1-carboxylate f 0-02—0-1 60 
Anthracenesulphonic acid i 0-5—2-0 60 
Azobenzene EE . 25, 50 
Phenylazo-2-naphthylamine ‘15—0-6 40, 55 
Dimethyl terephthalate 0-05—0-2 45, 60 
2 : 4-Dinitroanisole : 0-1—0-5 30, 50 
Glycerol triacetate f 0-05—0-25 54, 60 
2-Methoxynaphthalene £ 0-5 50 
2-Acetoxynaphthalene y . 50, 60 
2-Naphthylamine 1, “5 40 


2-Naphthylamine-4-sulphonic acid / “ 40 
2-Naphthylamine , El, -1—2:! 40 


p-Nitrophenol F 50, 60 
isoOctane B, N 0-04—0-2 50, 60 
* C.I., Colour Index No.; Qual. Qualitative; Dec. = Decolorised. 
+ Solvents: B, benzene; tyB, ¢ert.-butanol; C, carbon tetrachloride; D, dioxan; El, ethanol; 
N, nitrobenzene; O, isooctane; P, aqueous dispersion; S, ‘‘ Cellosolve’’; T, toluene; W, water; 
EIW, aqueous ethanol. 
t Cy, Equilibrium concentration in film. Values of Cg, the equilibrium concentration in the bath, 
for azobenzene-4-sulphonic acid : 0-35, 0-65, 1-50, 1-84, mmole/I., were determined. 
{ From 0-02 g./l. of solution. Not measurable from more concentrated solutions. 
§ Knight, J. Soc. Dyers Col., 1950, 66, 169. 
** Arshid, Connelly, Desai, Fulton, Giles, and Kefalas, J. Soc. Dyers Col., 1954, 70, 402. 


RESULTS AND DISCUSSION 


A summary of the experiments is given in Table 1 and some of the quantitative data 
are shown in Figs. 1—8. In some cases baths of a range of initial concentrations were 
employed, so that full isotherms could be plotted from the results. In addition these 
experiments were repeated at two temperatures, so that the apparent heat of adsorption 
could be calculated. In other cases only one or two bath concentrations were used in order 
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to obtain a semi-quantitative measure of the adsorption, and in yet other cases the 
adsorption was judged only qualitatively, by observation of the colour of the treated 
film. Where the change in composition of the solutions during the test is so small as to 
be within the limits of experimental error the compound is considered to be unadsorbed. 
No precise figure can be given for the lowest detectable amount of adsorption, on account 
of the different sensitivities of the analytical methods, but it may be considered to be 
roughly between 1 and 5 mmole of solute per kg. of film. 

Evidence for Lake Formation.—Qualitative evidence that lakes are formed by aluminium 


Jj00 


Fic. 1. Rate of adsorption of alizarin 
by the anodic film on aluminium. 


a, 80°: 6, 60°: ¢€ 4073. d, 36°. 


Initial concn., 1-0 g./I. 


Amount adsorbed (m mole/keg.) 
2) 
9 


Fic. 2. Rate of adsorption of Solway 
Blue BN by the anodic film on 
aluminium. 

a, 60°; 5, 40°; c, 25°. 


Initial concn., 0-4 g./1. 


Amount adsorbed (mmole/kg.) 


| 
72 


Zime (hr) 


in the film, with suitable compounds, was obtained by the application of catechol, which 
gives a dull green colour (cf. the colours of aluminium-catechol complexes reported by 
Weinland and Denzel, Ber., 1914, 47, 737), and of a number of mordant dyes. Certain 
dyes of this class were chosen, which show pronounced colour changes when applied to 
wool mordanted with aluminium salts. These were then applied to the film from aqueous 
or aqueous-alcoholic solution. In each case the film was coloured to a shade resembling 
that of the mordanted and dyed wool, e.g., blue with Eriochrome Azurol B or Eriochrome 
Cyanine R, scarlet with alizarin, violet with hematein (Colour Index Nos. 720, 722, 1027, 
1246, respectively), violet with Solochrome Blue B, and pink with Solochrome Violet R. 
Quantitative evidence of lake formation was provided by the adsorption-rate curves 
of 1: 2-dihydroxyanthraquinone (alizarin) (Fig. 1) and sodium 1 : 5-diamino-4 : 8-di- 
hydroxyanthraquinone-3 : 7-disulphonate (Solway Blue B, C.I. 1054) (Fig. 2), which 
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appear to demonstrate that the equilibrium adsorption values are independent of 
temperature. The adsorption process therefore involves the irreversible formation of 
very stable chelate complexes with the metal of the film. In confirmation of this, it was 
found that when the dyed films were subjected to prolonged treatment with water at the 
temperature used for adsorption, no colour was removed, whereas some colour does bleed 
off under these conditions when the film is coloured with non-chelating dyes. 
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Fic.3. Adsorption isotherms of phenyl- 
azonaphthylamines on the anodic film 
on aluminium. 


a, 1-derivative, 49° (24 hr.). 
58° 
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c, 2-derivative, 36° (72 hr.). 
50° (24 hr.). 
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Fic. 4. Adsorption isotherms of phenols on the 
anodic film on aluminium. 

a, 2: 4-Dinitrophenol in water, 50° (24 hr.). 

b, 60°» 

c, Phenol P 40° (48 hr.). 

d, rs s 60° (24 hr.). 

e, Phenylazo-1-naphtholin benzene 40° (48 hr.). 
60° (24 hr.). 
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When dry solutions of alizarin in benzene or ethanol were used, lake formation 
commenced only after the addition of phenol or water respectively. The reason for this 
behaviour was not investigated. 

Evidence for Hydrogen Bonding.—An examination of the data in Table 1 shows that 
amongst the non-ionic compounds only those with a hydrogen atom free to form inter- 
molecular bonds, i.e., hydroxy- and (some) amino-compounds, are adsorbed. All donor 
compounds, including intramolecularly chelated hydroxy-compounds, ¢.g., o-nitrophenol 
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or phenylazo-2-naphthol, are not adsorbed, but phenylazo-l-naphthylamine, which is 
internally chelated but still retains a free active hydrogen atom, is adsorbed (from certain 
solvents). These facts seem to be clear evidence that hydrogen bonds are responsible for 
the adsorption of amino- and hydroxy-compounds. 

There are some indications (Arshid and Giles, unpublished work) that a number of 
intermolecular hydrogen-bond complexes formed between organic molecules in solution 
are more stable when the solvent is carbon tetrachloride or dioxan than when it is benzene 
or water. This observation prompted the examination of carbon tetrachloride and dioxan 
as solvents, after earlier experiments had failed to reveal measurable adsorption of some 
amines from benzene or water. Carbon tetrachloride and dioxan were in fact found to 
promote positive adsorption; the non-adsorption of amines from benzene or water must 
therefore be attributed to protection of the amino-group by the solvent. 

By comparing the isotherms of the two aminoazo-compounds, phenylazo-1l-naphthyl- 
amine and its 2-isomer (Fig. 3) it will be observed that the amount present in the film in 
equilibrium with any given concentration in solution is higher, and hence the affinity is 
higher, for the 1- than for the 2-isomer. Now the latter can form only one hydrogen bond, 
but the 1-compound has two free active hydrogen atoms and its higher affinity suggests 
that both of these can form bonds simultaneously with the oxide film. 

The lower equilibrium adsorption values of both the aminoazo-compounds compared 
with those of hydroxy-compounds (Fig. 4) and the ease with which adsorption of amines, 
but not that of hydroxy-compounds, can be prevented by certain solvents are alike 
evidence that the N---H---O bond formed in adsorption has lower free energy than 
the O---H---Obond. In agreement with this, Flett (J. Soc. Dyers Col., 1952, 68, 
59) found that the free energy of formation of many intermolecular N ---H--+-O bonds 
(in carbon tetrachloride solution) is lower than that of corresponding O - -- H - - + O bonds. 

In spite of all precautions, a number of individual tests in these experiments with 
aminoazo-compounds returned very erratic and non-reproducible results. This may be 
due to catalytic action (see Experimental section). Some changes were in fact observed 
in the absorption spectra of the solutions in these cases, but we cannot explain the erratic 
nature of the effect. The experiments were however repeated many times and the curves 
shown (Fig. 3) each refer to a single experiment in which no erratic results occurred, and 
in which spectroscopic examination showed no evidence of chemical change in the solute. 

A number of examples of intermolecular hydrogen bonds involving hydrogen attached 
to carbon are known, and attempts were made to discover if adsorption on anodic films 
could take place by this means. No direct evidence was obtained, because all the 
compounds which it was thought might exhibit this form of attachment appeared to be 
considerably decomposed by catalytic action in the tests, though this in itself does suggest 
that some form of close association of these solutes and the film must occur. The com- 
pounds in question included 2-acetoxynaphthalene, dimethyl terephthalate, glycerol 
triacetate, and 2 : 4-dinitroanisole. 

The Surface Charge and its Effect on Adsorption.—By prolonged electrolysis the alumin- 
ium anode can be completely oxidised, leaving a wafer of brittle alumina. Material 
obtained in this way was dispersed in water by grinding and examined by electrophoresis. 
It had a positive electrokinetic potential. It is therefore expected that anions will be 
attracted to the surface in water, and cations repelled. In general, this is found to be so. 
The potential is progressively reduced, and eventually reversed, by addition of increasing 
concentrations of sodium chloride, an isoelectric point being observed at a concentration 
of ca. 0-09°% of the salt. 

Cationic Compounds.—Qualitative tests with aqueous solutions of representative basic 
dyes of the azo-, thiazine, and triphenylmethane classes (see Table 1) gave no significant 
evidence of adsorption, except in the presence of sufficient sodium chloride or trisodium 
phosphate to reverse the surface charge. Films which have been coloured by adsorption 
of magenta from dioxan solution are washed clear by thorough rinsing in water, no doubt 
because of the simultaneous formation of cations of the colouring matter and development 
of the positive surface charge on the film. 

Tests were made to determine whether the presence of a free hydroxy-group in a cationic 
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compound would promote adsorption. Four suitable compounds were examined : 1so- 
hematein sulphate, the aluminium lake of hematoxylin (both of these compounds contain 
one pair of free o-hydroxy-groups) and two cyanine dyes, 2-4’-hydroxystyrylbenzothiazole 
ethiodide and 2-4’-hydroxystyrylquinoline methiodide. The first two of these compounds 
are not adsorbed from water and the affinity of their hydroxy-groups is therefore insufficient 
to overcome the electrostatic repulsive forces. No conclusion could be reached regarding 
the cyanine dyes, because their solutions were decolorised by the film. 
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Fic. 5. Adsorption isotherms of 
sodium alkyl sulphates on the 
anodic film on aluminium. 
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a, Sodium oleyl sulphate, 40° (48 hr.) 
and 50° (24 hr.). 

b, Sodium tetradecyl sulphate (same 
conditions). 


(mmole/kg.) 


Black circles: plotted on actual 
solution concentration basis. 

White circles: plotted on relative 
solution concentration basis. 
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Fic. 6. Adsorption isotherm of a sulphated azo- 
compound on the anodic film on aluminium at 37 
(48 hr.) and 50° (24 hr.). 


The same range of initial bath concentrations was 
used at each temperature and the respective 
amounts adsorbed were in each case identical. 
The experimental points in Figs. 5 and 6 there- 
fore each represent results at the two temper- 
atures. 
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Basic dyes can be fixed in the film if it is pre-treated with an anionic compound to act 
as a mordant, e.g., tannic acid, or H-acid (l-amino-8-naphthol-3 : 6-disulphonic acid) ; 
adsorption is then remarkably rapid and is complete in a few minutes. 

Anionic Compounds: Sulphate Esters—Two aliphatic anionic compounds, sodium 
oleyl and tetradecyl sulphates, were readily adsorbed. Surprisingly, neither exhibits a 
measurable temperature coefficient (Fig. 5). This may be evidence of a process of purely 
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physical adsorption, 1.e., ion-exchange, representing a transfer of solute ions from 
association with water in the liquid phase to association with water molecules held at the 
solid surface, no chemical valency bonds being formed or broken. Adsorption of cationic 
dyes from water by certain negatively charged surfaces (graphite, silica) has been found 
similarly to have a negligible temperature coefficient (Cullen, Macaulay, Theses, Glasgow, 
1951). Patton and Ferguson (Canad. J. Res., 1937, 15, B, 103), and Rothmund and 
Kornfeld (Z. anorg. Chem., 1918, 108, 129; 1919, 108, 215) have pointed out that 
temperature has little or no effect on base-exchange equilibria between ions of the same 
valency. Very low temperature coefficients have been observed also in cation-exchange 
on resins by Boyd eé¢ al., Magistad et al., Patton and Ferguson, and Vanselow (quoted by 
Walton, in “ Ion Exchange,” ed. Nachod, New York, Academic Press Inc., 1949, p. 20). 
Steinhardt, Fugitt, and Harris (J. Res. Nat. Bur. Stand., 1940, 25, 219; 1943, 30, 123) 
found a very low value for the heat of adsorption of monochloroacetic acid on wool at low 
temperatures (0-3—0-4 kcal./mole). They supposed that this was due to replacement 
of a solvated molecule of water in the fibre by 
a another of acid, held only slightly more strongly. 
= \C,H,-0-SO,Na In confirmation that the sulphate ester group itself 
is responsible for the observed effect, and not the 
surface-active nature of the alkyl sulphates, an azo-dye (I) containing the group when 
applied to the film showed virtually no temperature coefficient (Fig. 6) and it must 
presumably be adsorbed by ion-exchange. A physical process of this type should be 
readily reversible, and indeed prolonged treatment with water at the temperature of 
adsorption desorbed the alkyl sulphates from the film, whereas Solway Blue B, which is 
chemically bonded, was not thus removed. 

We therefore conclude that sulphate esters in general are adsorbed by the anodic film 
by a physical process of anion exchange, 7.e., they are not adsorbed on to specific sites in 
the oxide and no chemical reaction is involved. 

Sodium oleyl sulphate apparently has a higher affinity for the film than has the tetra- 
decyl compound when the isotherms are plotted in the normal way, but this does 
not allow for the differences in water solubility of the two compounds. If this 
allowance is made by plotting as abscissae relative concentration values (t.e., actual 
concentration/concentration at saturation point) it is seen (Fig. 5) that the oleyl compound 
has also the higher real affinity. This may be attributable to the differences in inter- 
molecular cohesion between the solute molecules in the adsorbed layer: the oleyl 
compound has the longer chain and will consequently have a greater tendency to form a 
condensed monolayer. Alternatively the unsaturated linkage in the oleyl chain itself 
may confer higher affinity for adsorbed water at the surface; it is, of course, well known 
that such linkages in long alkyl chains in monolayers confer higher affinity for the aqueous 
subphase (cf. Adam, “‘ The Physics and Chemistry of Surfaces,” Oxford Univ. Press, 
3rd edn., 1941). 

Anionic Compounds : Sulphonic Acids and Sulphonates.—Attention was next directed 
to sulphonated compounds, the simplest aromatic sulphonic acids being first examined. 
Benzenesulphonic acid and its sodium salt showed no measurable adsorption, and 
naphthalene-2-suiphonic acid was adsorbed to a very small extent. Virtually all 
sulphonated dyes, however, colour the film strongly, even those which contain no other 
group capable of combining with the substrate, e.g., certain sulphonated aminotriphenyl- 
methane and o-hydroxyazo-compounds (Table 1). The attraction here must clearly be 
attributed to the sulphonic acid groups, and the non-adsorption of the simpler sulphonic 
acids must therefore be due to their high water solubility, which reduces the affinity for 
the substrate. (The sulphate esters described above have much lower water solubility). 
Attempts to promote adsorption of the sulphonic acids by reducing their solubility by the 
use of ethanol-water mixtures as solvents were unsuccessful and attention was therefore 
turned to aromatic sulphonates in which water solubility is reduced by “ loading ” with 
substituent groups unlikely themselves to take part directly in the adsorption process. 
Four types of compounds were chosen, containing as loading groups: (a) an additional 
condensed benzene ring; (b) a phenylazo-group; (c) an o-hydroxyphenylazo-system, in 


sa C,H, 


(I) 
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which the hydrogen of the hydroxy-group is involved in a chelate ring; and (d) a long 
alkyl chain; also one compound with two of these loading groups present simultaneously. 

Anthracenesulphonic acid and 2-nitronaphthalene-4 : 8-disulphonic acid were used as 
examples of type (a) but the results in some cases were believed to be complicated by 
catalytic oxidation and the use of these compounds was not pursued. Azobenzene-4- 
sulphonic acid represented type (b). It was measurably adsorbed and the adsorption 
showed a significant temperature coefficient, but in view of the possibility of oxidation, 
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Fic. 7. Adsorption isotherms of sodium 
phenylazo-2-naphthol-3 : 6-disulphon- 
ate on the anodic film on aluminium. 


a, 40° (72 hr.); b, 52° (24 hr.). 
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Fic. 8. Adsorption isotherms of sodium dodecyl- 
toluenesulphonate on the anodic film on aluminium. 
White circles: 37° (48 hr.). 
Black circles: 50° (24 hr.). 
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as with azobenzene itself (see p. 4373), attention was directed more particularly to types 
(c) and (d). 

Phenylazo-2-naphthol-3 : 6-disulphonic acid (C.I. 28) was used to represent 
class (c). This also showed considerable adsorption and a measurable temperature 
coefficient (Fig. 7; Table 2). Further details of the behaviour of this and related 
compounds will be given in a subsequent paper, but it is clear that the mechanism of 
adsorption of a sulphonic acid group by the film must differ fundamentally from that of a 
sulphate ester group. The heat change observed must, in fact, represent a chemical 
reaction, probably the formation of a salt between the acid group and aluminium. 

The following observations also provide evidence in favour of the suggested salt 
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formation between the film and sulphonic acid groups: (a) traces of aluminium were 
detected (by Solochrome Cyanine R; C.I. 722) in a solution of naphthalene-2-sulphonic 
acid (ca. 0-1 g./l.) which had been agitated for 24 hr. at 60° with a portion of anodised film, 
and then twice filtered. Evidently some aluminium salt of the sulphonic acid is dissolved 
out into the water (a solution of sodium oleyl sulphate which had been similarly treated 


TABLE 2. Apparent heats of adsorption on the anodic film. 
Temp. Cy AH 
Solute Solvent * range (mmole/kg.) (— kcal./mole) 
Phenylazo-l-naphthol  ............scccseceeseecoesceees B 40—60° 100—150 5 
Sodium phenylazo-2-naphthol-3 : 6-disulphonate W 40—52 50—100 
Phenylazo-l-naphthylamine —...........eseeeeeeeeee Cc 39—58 20—60 
Phenylazo-2-naphthylamine ............eeese eee eee Cc 36—50 20—60 
2 : 4-Dinitrophenol W 50—60 200—400 
PRIN save wk cy en cccnecwaseacsseoosuwdslncteaekantesswsecse WwW 40—60 100—400 


* See footnote to Table I. 
The adsorptions are exothermic and the sign convention is that AH is negative. 
In Fig. 3 the isotherms are plotted on logarithmic abscisse for ease of comparison of the AH 
values 
contained no aluminium, as would be expected if it is adsorbed only by ion exchange) ; 
(b) sulphuric acid combines with the film, because appreciable quantities of aluminium 
sulphate are present in films anodised in this acid (Pullen, personal communication). 

Sodium dodecyltoluenesulphonate was used as representative of a compound of 
type (d). This is strongly adsorbed. At low concentrations it shows no measurable 
temperature coefficient, but at the higher concentrations a small difference in adsorption 
at two temperatures was observed (Fig. 8) together with a fall in adsorption with increase 
in bath concentration, which may be due to increasing association in solution. The 
compound was not precisely characterised, but it was certainly sulphonated in the nucleus. 
The surface-active properties of this compound appear in some manner to prevent salt 
formation by the sulphonic acid group, so that only ion-exchange adsorption can take 
place. Anionic micelles are perhaps involved in this case, and their surrounding layer of 
solvated water molecules may reduce the affinity between sulphonate groups and aluminium 
in the same way that benzenesulphonic acid is prevented from becoming attached to the 
film when dissolved in water. This behaviour is not characteristic of all higher alkyl 
sulphonates, because it is not shown, ¢.g., by p-dodecylphenylazo-2-naphthol-3 : 6-di- 
sulphonic acid, which contains weighting groups of both types (c) and (d). This will be 
discussed in a subsequent paper. 

Van der Waals Attraction.—There is no evidence that non-ionic compounds without 
hydrogen-bond acceptor groups are adsorbed. Their adsorption could occur only through 
van der Waals attraction, and in the concentrations used, the solvent itself being in great 
excess and subject to similar attraction, probably offers too much competition for the 
substrate. 

One specific test was made in which tsooctane was applied from benzene solution. It 
was hoped that this flexible hydrocarbon molecule might be capable of accommodation to 
the contours of the substrate better than the rigid molecule of the solvent and so the effect 
of competition might be reduced, but the results were inconclusive owing to apparent 
catalytic decomposition of the solute, though this may of course be the result of an initial 
adsorption process. 

The Nature of the Isotherms and the Apparent Heats of Adsorption.—The isotherms for 
adsorption from organic solutes are all of the normal type (Brunauer type I); those for 
adsorption from water appear to be sometimes of type I and sometimes of types III or V. 
This matter will be discussed more fully in a subsequent paper, but it may be remarked 
here that the shape appears to be determined largely by the relative affinity of the solvent 
and solute for the surface. Thus in the case of a hydrogen-bonding compound in an organic 
solvent the affinity of the solute is greater than that of the solvent, but in the case of some 
anions in water it is less than that of the solvent and this is reflected in the shape of the 
isotherm. 
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The apparent heats of adsorption, calculated from the isotherms by the Clausius— 
Clapeyron equation, are shown in Table 2. Surprisingly they are almost constant in each 
case over the whole measurable range of the isotherms, within the experimental error. 

The magnitude of the apparent heat of adsorption is not a direct indication of the 
number of bonds formed between adsorbent and adsorbate, in consequence of its being the 
algebraic sum of heat changes taking place in two successive processes, (a) the removal of 
solute from association with solvent and (b) the attachment of solute to substrate. It can, 
however, be used for comparative purposes in conditions where only one variable is altered ; 
thus the values for the adsorption of phenol from aqueous solution on various substrates 
are: for cellulose triacetate —2-5 kcal./mole (Cameron, personal communication), for nylon 
and wool —4 to —4:5 kcal./mole (Chipalkatti, Giles, and Vallance, following paper), and for 
anodised aluminium —4 to —4-5 kcal./mole. The closeness of these figures supports the 
hypothesis that hydrogen bonding is the principal adsorption force in each case. 

An interesting point is that the apparent heat of adsorption on a given substrate appears 
to increase numerically with an increasing dissimilarity of structure between the solute and 
solvent. Thus phenylazo-l-naphthol in an aromatic solvent (benzene) gives a low numerical 
value, —4:5 to —5 kcal./mole, but the very similar phenylazo-l- and -2-naphthylamine 
in an aliphatic solvent (carbon tetrachloride) give much higher values (about —10 and 
—22 kcal./mole respectively). Parallel phenomena in adsorption on nylon and wool have 
been attributed to entropy effects (Chipalkatti e¢ al., loc. cit.). Thus, if both solvent and 
solute are aromatic strong intermolecular forces will ensure close and ordered association 
of their respective nuclei. Consequently when the solute molecule is transferred from 
the solvent to an ordered layer at the substrate surface the entropy change is less than 
when the solute is aromatic and the solvent aliphatic; for in those circumstances the 
dissimilarity in the size and shape of the two types of molecules will lead to a much less 
ordered solvent-solute association and hence to a more pronounced increase in order on 
adsorption. On this argument, the relatively low values of the apparent heat of adsorption 
of the phenols point to an ordered association of water molecules and phenol molecules in 
solution. 

Adsorption Promoted by Cross-linking Agents.—In consequence of the detection of 
several examples of hydrogen-bond cross-linkage of organic donor compounds in solution 
or in monolayers on water, by bifunctional solutes, e.g., water or quinol (Giles, Rose, and 
Vallance, J., 1952, 3799; Allingham, Giles, and Neustadter, Discuss. Faraday Soc., 1954, 
16, 92), tests were made to discover whether a similar type of ‘‘ bridge ’’ linkage can 
“key ” donor solutes to the anodic film. A number of these compounds, principally azo- 
compounds, were applied from non-aqueous solvents in presence of a little water, resorcinol, 
or quinol. In view of the possible catalytic oxidation special precautions were taken to 
exclude air from the test-tubes and in some cases films anodised in sulphuric acid were 
used to avoid the presence of traces of chromium. Many of the solutions were examined 
spectrographically before and after the tests, but no firm evidence was obtained of 


TABLE 3. Effect of ‘ bridging ’’ compounds on adsorption from benzene. 


Initial concn. (g./I.) Time Cr 

Solute Adjuvant Solute Adjuvant Temp. (hr.) (mmole/kg.) 
p-Aminoazobenzene  ............ — 0-15 — 25°, 50° 48, 24 0 
Quinol - 0-5 24 30 
— 0-2 — 25, 50 48, 24 0 

ys seactsduestenas ccpiceee SURO és 0-5 25, 50,55 48, 24,24 110, 80, 60 
p-Nitrophenylazo-2-naphthol... — 0-05 60 72 0 
Resorcinol 0-05 0-5 se as 20 


’» 
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” ” 


decomposition, except in some solutions of azobenzene in aqueous ethanol, though several 
of the results obtained were erratic and non-reproducible. In a number of cases, how- 
ever, there were indications that the presence of the adjuvant can promote adsorption of 
donor compounds. A few typical results are summarised in Table 3. The action of water 
in these cases may not of course be to form a cross-linkage, but rather to form some 
aluminium hydroxide in the film, which may then unite directly with the donor solute. 
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In control tests in which phenol was used as adjuvant to the solutions in place of quinol no 
evidence of adsorption of donor compounds was obtained. Phenol could not of course act 
as a bridging compound. 


EXPERIMENTAL 

Materialss—Reagents and solvents were purified commercial or laboratory samples, except 
for a few dyes used in qualitative tests, which were of ordinary commercial quality. 
Sulphonated azo-dyes were purified by passage through columns of anionic and cationic 
exchange resins in series, the resultant free acid being subsequently neutralised with sodium 
hydrogen carbonate. Janus Red B (C.I. 266) was purified by recrystallisation from water; 
the sulphate ester dye from aqueous ethanol, after being salted out with sodium chloride; and 
the water-insoluble cellulose acetate (‘‘ Dispersol’’ and ‘“‘ Duranol’’) dyes by (Soxhlet) extraction 
with benzene. Pure sodium oleyl sulphate was obtained by continuous extraction of the 
commercial detergent (Lissapol C; Imperial Chemical Industries Limited) with ethanol. The 
sample of sodium tetradecyl sulphate (96-5%) was kindly supplied by Dr. M. A. T. Rogers. 
Non-aqueous solvents were completely dried. The “specially dried’’ quality of dioxan 
(B.D.H.), as supplied for Karl Fischer titrations, was used. 

The aluminium foil (0-002 in.) was of 99-99% purity, though trials with material of normal 
commercial purity which may contain up to 1% of impurities, chiefly iron and silicon (Pullen, 
personal communication), did not give noticeably different results. 

Azobenzene-4-sulphonic acid. Azobenzene (1 mol.) was heated at 130° for 15 min. with 
20% oleum (5 mol.). The mixture was then cooled in ice and carefully drowned in twice its 
volume of ice and water. The crystalline precipitate was filtered off, washed with the minimum 
amount of cold water, and dried at 100°. It formed orange plates, m. p. 127°. 

Sodium dodecyltoluenesulphonate. A sample was kindly supplied by Dr. M. A. T. Rogers 
and Imperial Chemical Industries Limited, Dyestuffs Division, as a brown greasy paste, purity 
735% (by titration against cetyltrimethylammonium bromide); moisture content, 11%; the 
remaining impurities were stated to be probably other homologues and/or sodium sulphate. 

Anthvacenesulphonic acid. A commercial sample of anthraquinone-l-sulphonic acid was 
recrystallised several times from water, and then reduced by zinc dust and acetic acid. 

Determination of Solubility of Sodium Alkyl Sulphates.—Excess of sodium tetradecy] or oleyl 
sulphate was shaken with 10 c.c. of distilled water at 45° (7.e., a temperature intermediate 
between those used for the adsorption measurements) for 2 hr. The mixture was then rapidly 
filtered and the filtrate cooled and analysed (bromophenol-blue). Solubilities of 425 
and 450 mmole/l. respectively were recorded. 

Preparation of Substrate, and Adsorption Procedure.-—The anodising cell was a 2-l. glass 
beaker immersed in a thermostat tank. The anode was a strip of aluminium foil (8 x 2 in.), 
the cathode a strip of lead (8 x 2 x 1/16 in.), and the electrolyte 3% aqueous chromium 
trioxide (analytical reagent quality). The electrodes, extending 1 in. above the liquid surface, 
and connected through a variable resistance to a direct current supply, were maintained at a 
fixed distance apart by a skeleton frame of ‘‘ Perspex.’’ The electrolyte was agitated by a 
slow-speed stirrer placed between the electrodes, ensuring constancy of film weight over all 
parts of the anode within +-0-5%. 

Before treatment, the metal foil was cut to shape, smoothed flat on a hard surface 
and cleaned of grease with cotton wool moistened with carbon tetrachloride. The electrolyte 
was heated to 45° before use and maintained at 45° + 1° throughout the treatment. The 
voltage was adjusted to 45, which ensured a current density of ca. 6 amp./sq. ft. of anode. 
Electrolysis was continued for 1 hr. with unmodulated direct current, providing a film about 
6 uw thick, representing about 20% conversion of metal into oxide. With rectified alternating 
current the time of electrolysis must be nearly doubled to obtain equal conversion. For 
accurate work the electrolyte was renewed for each portion of foil. 

In special cases where sulphuric acid-treated film was required, a 20% (w/v) solution of 
sulphuric acid was used at 25° + 2°, at 12 v. 

After removal from the electrolyte, the anode was well rinsed in distilled water, dried at 
130—140° for 1 hr., stored in a desiccator, and used within 24 hr. Tests with a typical 
sulphonated azo-dye showed that the film began to lose its adsorptive powers after this period 
of storage; this is believed to be due to changes in the lattice structure of the alumina affecting 
the pore size (Pullen, personal communication). 

For use the treated material was cut into strips }—4 in. wide, each piece being weighed 
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before use. The amount of film was determined by weighing each piece after its use in the 
adsorption test, and after boiling in a stripping solution containing phosphoric acid (85% ; 
35 c.c.), chromium trioxide (20 g.), distilled water (to 1 litre) (Edwards, Amer. Soc. Test. Mat., 
Preprint 19, June 1940, 14; through Brit. Abs., 1941, BI, 37); then rinsing and drying at 110°. 
The process was repeated to constant weight, though usually one 5-min. treatment was 
sufficient. The film was removed, but the metal remained intact. 

For the adsorption tests the weight of liquor was varied from about 100 to 500 times that 
of the film used, according to the affinity of the solute, the aqueous solutions being placed in 
ground-glass or rubber-stoppered test-tubes, and the organic solvent solutions in completely 
sealed glass tubes. The tubes were mechanically shaken at 35 or 20 r:p.m. in a thermostat. 
The experiments with lake-forming dyes were made under conditions of less vigorous (hand) 
agitation, so that the rate of adsorption was lower than it would be with regular mechanical 
agitation (cf. Rideal, Discuss. Faraday Soc., 1954, 16, 9). 

The amount of solute adsorbed was in all the quantitative tests determined by analysis of 
the solutions before and after treatment, the final liquors being filtered to remove traces of 
abraded alumina. It was impracticable to determine the amount of solute adsorbed in the 
film other than by this difference method, because no satisfactory procedure for the removal of 
adsorbed material from the film could be found. Very concentrated solutions cannot therefore 
be reliably employed because of the relatively small concentration changes. In practice, how- 
ever, this limitation is unimportant. 

Determination of sign of charge on film. Electrolysis was continued until anodisation was 
complete (ca. 4 hr. with direct current). At this point the metal had disappeared and the 
current fell suddenly almost to zero. The film had become a brittle sheet of alumina, but 
isolated specks of free metal remained and made the film difficult to grind. They were removed 
by careful treatment with hydrochloric acid, after which the oxide was thoroughly rinsed in 
distilled water until free from acid, and then ground with water in a mortar to a fine white 
suspension. The charge was determined by introducing this suspension, diluted to 1 g./100c.c., 
into a standard electrophoresis U-tube, carefully adding more water, and applying 250 v (d.c.). 
The suspension moved towards the negative pole. Addition of sodium chloride in increasing 
quantities steadily reduced the rate of flow to zero and then reversed it and caused it to increase 
in the opposite direction, the isoelectric point occurring in solutions of about 0-09% sodium 
chloride content. 

Analyses.—The following methods of determining the concentration of the solutes were 
employed. Amines, naphthalene derivatives, nitro-compounds: photoelectric absorptiometry 
with a tungsten or mercury vapour lamp. Free sulphonic acids: direct or electrometric 
titration, or photoelectric absorptiometry, as appropriate. Phenol: volumetric analysis by 
thé potassium bromate—bromide method (Koppeschaar, Z. anal. Chem., 1876, 15, 233; cf. 
J., 1877, %, 746). Catechol, resorcinol, and quinol: volumetric analysis with potassium 
permanganate by Pence’s method (J. Ind. Eng. Chem., 1913, 5, 218). Sodium alkyl sulphates 
and dodecyltoluenesulphonic acid: titration against pure cetyltrimethylammonium bromide, 
using chloroform and bromophenol-blue indicator (Barr, Oliver, and Stubbings, J. Soc. Chem. 
Ind., 1948, 67, 45). isoOctane: by absorptiometry at 2800 A. 

Sodium benzenesulphonate was first converted into the free acid by passage in aqueous 
solution through a column of an ion-exchange resin (‘‘ H+ cycle’’); this material, uniformly 
packed in a long separating funnel, provided with a swan-neck at the exit end, was first washed 
with 100-c.c. portions of boiled distilled water, which were then titrated against 0-01N-sodium 
hydroxide until two successive portions gave an equal titre. This was taken as the blank 
reading and subtracted from the actual titre. Portions (25 c.c.) of the sodium salt solutions 
were passed through the column, followed by three successive 25-c.c. portions of distilled water, 
and the whole was titrated with 0-01N-sodium hydroxide. A similar method was used by 
Futterknecht (Teintex, 1949, 14, 191) for the analysis of sodium sulphate in dye-baths, this being 
otherwise difficult to determine. 

The purity of dye samples was determined by the acid—dichromate oxidation method (Arshid, 
Desai, Giles, and McLintock, J. Soc. Dyers Col., 1953, 69, 11). 

Spectroscopic measurements were made with a Unicam S.P.500 Spectrophotometer and 
absorptiometric determinations with the same apparatus or with a Hilger Spekker photoelectric 
absorptiometer. 

Catalytic action and film loosening. Erratic and non-reproducible results noticed in a number 
of the adsorption tests are attributed to the anodic film promoting catalytic decomposition of some 
solutes. Feachem and Swallow (J., 1948, 267) find that y-alumina is the catalytically active 
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species and that the materials usually employed as catalysts, prepared by dehydration of 
boehmite, AlO(OH), owe their activity to the presence of this species. Alumina is, of course, 
well known as a catalyst in organic reactions at high temperatures, and some observations on 
its ability to decompose substances on the chromatographic column are on record. The 
following observations were made in the present tests, though no systematic work has been 
carried out to confirm them. Decomposition occurs with some amino-, azo-, and tripheny!- 
methane compounds and appears to take place most readily in hydroxylic solvents. Water, 
aqueous ethanol, dry ethanol, dry dioxan, and dry benzene appear to form a descending series 
in effectiveness, and indeed only l-naphthylamine, a very readily oxidisable substance, was 
noted as being particularly affected in dry benzene; this occurred at considerable dilution, 
perhaps partly by air oxidation. The action in nearly all cases was shown by an increased 
optical density of the solutions, though some triphenylmethane dyes, e.g., Acid Green M conc. 
(C.I. 669), Acid Magenta (C.I. 692), and the two cyanine dyes, were irreversibly and 
completely decolorised. The facts seem consistent with oxidation of the affected azo- 
compounds, resulting possibly in the introduction of hydroxy-groups into the solute molecule ; 
the oxidised product may then itself be adsorbed by the film. In one case (anthracene-2- 
carboxylic acid) a pressure of gas was generated sufficient to burst the sealed tubes. 

Another difficulty sometimes encountered is loosening of the film, which flakes off from the 
surface or can be readily removed by rubbing with the finger. This also seems erratic in its 
occurrence, and the exact conditions favouring it have not been identified. It has not been 
noticed to occur in non-aqueous solutions, but high temperature, severe agitation, increasing 
numbers of sulphonic acid groups in the molecule, and the presence of inorganic salts (Pullen, 
personal communication) all appear to favour film disintegration, but not consistently. 

Traces of the oxide film sometimes become detached by abrasion and remain suspended as 
very fine particles in the solvent (whether aqueous or non-aqueous). Suspensions of the oxide 
in carbon tetrachloride have an absorption peak at 3450 A, consequently when ultra-violet 
radiation was used for determination of solutes after adsorption the liquids were filtered or 
centrifuged before analysis, and the absorptiometric measurements of solute concentration were 
made wherever possible in the visible region. 


We thank the following: Dr. (late Professor) W. M. Cumming and Professor P. D. Ritchie 
for their interest and encouragement; Mr. N. D. Pullen, for advice on anodisation procedure 
and helpful discussions; Mr. G. H. Hair and (the late) Mr. D. G. M. Vallance for carrying out 
some preliminary experiments; Mr. J. M. Johnston for the electrophoresis experiments; Mr. A. 
Clunie and his staff for constructing the agitating device; Dr. E. Clar, Mr. D. J. Duff, Dr. J. D. 
Kendall and Ilford Ltd., Dr. J. Whetstone and Imperial Chemical Industries Limited, Nobel 
Division, and Dr. M. A. T. Rogers, and Imperial Chemical Industries Limited, Dyestuffs 
Division, for supplying several reagents; Mr. N. D. Pullen and the British Aluminium Co. Ltd., 
for supplying high-purity aluminium foil; and Imperial Chemical Industries Limited, Central 
Research Department, for the loan of a Hilger Spekker photoelectric absorptiometer. One of 
us (H. V. M.) is indebted to the Kesoram Cotton Mills Ltd., Calcutta, and another (R. V. R. S.) 
to Binny & Co., Ltd., Madras, for financial aid. 


DEPARTMENT OF TECHNICAL CHEMISTRY, 
RoyaL TECHNICAL COLLEGE, GLAsGow, C.1. [Received, May 24th, 1954. 


[1954] Chipalkatti, Giles, and Vallance. 4375 


Adsorption at Organic Surfaces. Part I. Adsorption of Organic Com- 
pounds by Polyamide and Protein Fibres from Aqueous and Non- 
aqueous Solutions. 

By H. R. Curparkatti, C. H. Gives, and (the late) D. G. M. VALLANCE. 
[Reprint Order No. 5435.] 


The adsorption of a range of aliphatic and aromatic non-ionic compounds, 
on nylon and wool, from a variety of solvents has been investigated. Water 
has also been used as a solute in certain organic solvents. 

In aqueous solution all the water-soluble compounds used have un- 
restricted access to the non-crystalline regions of the fibres, by virtue of 
the swelling action of the solvent, and the adsorption is probably due to 
hydrogen bonds. In non-aqueous solution the fibres are unswollen and the 
molecules of solutes which are non-solvents for the fibre may be adsorbed 
only in certain circumstances, which are (a) that they are within certain 
limiting dimensions, viz., approximately those of the n-butanol molecule and 
the anthracene molecule in the aliphatic and aromatic series respectively ; 
and either (b) that they contain a free hydroxy-group or an extended 
conjugate system; or (c) that the solvent in which they are dissolved is 
itself unable to penetrate the fibre. The evidence suggests that from non- 
aqueous solution hydroxy-compounds are adsorbed by the formation of 
O+***H-*-***O hydrogen bonds, probably with the enolic forms of amide 
or peptide groups of the fibre, whereas with non-hydroxylic compounds 
physical adsorption occurs. 

Estimates of the internal surface area of the wool fibre between 2 x 105 
and >70 x 105 sq. cm. per g. are obtained, according to the nature of the 


solute adsorbed. 


In recent years there have been many investigations of the processes of adsorption of 
strong electrolytes, particularly of mineral acids and acid wool dyes, by polyamide and 
protein fibres from aqueous solution (see, ¢. g., Vickerstaff, ‘‘ The Physical Chemistry of 
Dyeing,’ Edinburgh, Oliver and Boyd, 2nd. Edn., Ltd., 1954). Adsorption of these sub- 
stances is attributed to the formation of electrovalent salt linkages with the free amino- 
groups of the fibre. Some combination with ionised imino-groups of the main molecular 
chains of the fibre has also been detected in nylon (O’Briain and Peters, J. Soc. Dyers Col., 
1953, 69, 435) and suggested as a possibility with protein fibres (with which experimental 
difficulties arise in working at the necessarily very low values of pH) (Steinhardt, Fugitt, 
and Harris, J. Res. Nat. Bur. Stand., 1941, 26, 293). The formation of electrovalent 
linkages does not, however, account for all the known facts, which point to other forces’ 
being involved in adsorption by the fibres mentioned. 

The maximum amount of a strong acid, mineral or organic (including the free acids 
of many dyes), adsorbed by wool is about 900 m.equiv./kg. and is more or less independent 
of the nature of the anion. There are good grounds for supposing that this amount of 
acid is combined by electrovalent salt linkage with the basic groups in the fibre. Acids 
are similarly bound by salt linkage to other proteins, e.g., silk and gelatin, and to nylon 
also. Yet while the maximum adsorbtion value remains nearly constant, the affinity does 
not. This rises with increasing size of the anion, 7.e., the larger the anion, the lower the 
degree of acidity required to induce maximum adsorbtion. This rise in affinity appears 
to have no relation to the dissociation constant of the acid (Steinhardt e¢ al., loc. cit.) and 
must apparently be due to non-ionic attractive forces acting between the substrate and 
the anion, but its exact nature has remained undetermined. The only possible types of 
force would appear to be either purely physical, or specific and polar in nature, hydrogen 
bonding being probably by far the most important of the latter type. The operation of 
such bonding was in fact suggested by Steinhardt e¢ al., whereas Meggy (J. Soc. Dyers 
Col., 1950, 66, 510) and Vickerstaff (ibid., 1953, 69, 279) have drawn attention to the 
possible importance of van der Waals attraction. 
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There is an almost linear relation between affinity for wool and either the length of 
an attached alkyl chain or the total molecular weight in certain azo-dyes (Vickerstaff, 
op. cit.; loc. cit.), which certainly suggests the operation of physical forces between dye 
and fibre. Hydrogen bonding, however, would seem to be responsible for the swelling 
action of phenol on nylon (for which it is a solvent) and wool; and also for the greatly 
increased adsorption by wool of weak organic acids, e.g., acetic or chloroacetic acid, 
compared with hydrochloric acid (Steinhardt, Fugitt, and Harris, /. Res. Nat. Bur. Stand., 
1940, 25, 219; 1943, 30, 123; Speakman and Stott, Trans. Faraday Soc., 1935, 31, 1425), 
since the molecules of these substances must be too small to exhibit sufficient van der 
Waals attraction to account for the observed effects. Hydrogen bonding is probably 
also responsible for the adsorption of water by these fibres, at least in the initial stages, 
but the mechanism of bonding of water by wool, and indeed by proteins in general is 
still a subject of discussion (see review by McLaren and Rowen, J. Polymer Sct., 1951, 
7, 289). 

The present paper describes some preliminary adsorption experiments designed to 
detect the operation of the attractive forces just discussed, using a technique of application 
of certain simple non-polar and polar solutes to nylon and wool, in water and various 
dry solvents. Phenol and certain alcohols were amongst the solutes used. The action 
of these materials upon wool, under somewhat different conditions from those used here, 
has been studied by other investigators, whose conclusions are summarised below. The 
other solutes studied do not appear to have received much attention in this type of work, 
nor do organic solvents appear to have been used in adsorption studies on such fibres.* 

The action of phenol on protein fibres has been described by a number of investigators. 
Barr and Speakman (J. Textile Inst., 1944, 35, T 77) found that wool fibres undergo a 
pronounced lateral swelling and a small contraction in length when treated with phenol, 
either molten or in concentrated aqueous solutions; the effect being reversible, the 
original dimensions are restored by water washing. Eléd and Zahn (Melliand Textilber., 
1948, 29, 17) also have disclosed the effects of certain treatments upon the supercon- 
traction of wool in solutions of phenol (and also of sodium hydroxide, sodium hydrogen 
sulphite, and formamide). Zahn (Z. Naturforsch., 1947, 2b, 286; cf. Chem. Abs., 1948, 42, 
5678) also treated wool and horse-hair at room temperature with aqueous solutions of 
phenol (1—7%), catechol, resorcinol, quinol, 0- and -nitrophenol, and salicylic acid, and 
measured the fibre shortening, or the stretch before breaking, and the effect of the treat- 
ments on the elastic modulus. Consideration of X-ray patterns and physical properties, 
e.g., swelling, anisotropy, and double refraction, showed that the primary valencies (peptide 
links and cystine bonds) were unaffected, hydrogen bonds only being broken. Pakshver, 
Mankash, and Kukonkova (Tekstil. Prom., 1951, June, 11, 15; through J. Soc. Dyers 
Col., 1951, 67, 473) determined length changes of undrawn, partly drawn, and fully drawn 
nylon yarns in 2—4-5°% aqueous phenol solutions, and explained the observed reduction 
in the extension, with increase in draft, as due to compacting of fibre structure, which 
reduces diffusion of solute into the fibre. 

Speakman (J. Soc. Dyers Col., 1933, 49, 180) measured the pore size of dry wool by 
treatment with aliphatic alcohols in pure liquid form, or as binary mixtures, and estimated 
it as ca. 6 A because only alcohols with molecules smaller than n-butanol were found 
to be capable of influencing its mechanical properties. King (Trans. Faraday Soc., 1947, 
43, 552), after making vapour-phase adsorption experiments with wool, suggested that 
this apparent absence of penetration of the fibre by n-butanol may have been due merely 
to a very slow rate of penetration, but the present work (see p. 4384) seems to confirm 
Speakman’s interpretation. 


DISCUSSION 


In order that the present results may be correctly interpreted, it is necessary first to 
discuss the possible dependence of the adsorption process upon a number of conditions. 
* Note added in Proof.—Since this paper was submitted Forward (J. Textile Inst., 1954, 45, T 559) 


has reported investigations on the swelling behaviour of nylon in solutions of phenol in various non- 
aqueous solvents. 
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Influences upon Adsorption.—Amongst the factors likely to influence adsorption are 
the following: (a) the crystallinity of the fibre and the size of its intermolecular pores; (0) 
the chemical architecture of the solute molecules, since this will determine the intensity 
of their van der Waals attraction for the fibre; (c) the mutual hydrogen-bonding affinity 
of individual groups in solute and fibre; (d) cross-links normally present in the fibre, and 
the flexibility of its molecular chain; (e) the nature of the solvent; (f) the presence or 
absence of a resistant ‘“‘ skin” or cuticle on the fibre surface. These factors will now be 
discussed individually. 

(a) Fibre structure. Very little precise information is available upon the degree of 
crystallinity and pore size of the present fibres (see, e.g., Vickerstaff, op. cit.); Speakman 
(loc. cit.) found that the pore size of wool increased from ca. 6 A in the dry state to ca. 
40 A when wet; and the extent of lateral swelling in water, which is determined by 
both the size of the amorphous regions and the number of polar groups therein (fewer 
in nylon than silk or wool), is 5, 18, and 16% for nylon, silk, and wool respectively 
(Meredith, in “‘ Fibre Science,”’ ed. Preston, Manchester, The Textile Institute, 2nd edn., 
1953). 

(b) Physical attraction. Competition by the great excess of solvent is likely to prevent 
measurable adsorption, by van der Waals attraction, of small solute molecules which 
cannot form hydrogen bonds, but this attraction may become significant in the case of 
some large molecules. There is evidence that it is operative in the adsorption of anionic 
compounds on wool (see p. 4376) and cellulose (Allingham, Giles, and Neustiadter, Discuss. 
Faraday Soc., 1954, 16, 92). 

(c) Hydrogen-bonding affinities. Table 1 gives approximate data for the abundance of 
some of the principal hydrogen-bonding and cross-linking groups in the fibres under 
discussion. Any of these (except the sulphur-containing groups) could interact with 
hydrogen-bonding groups in solutes of the type used in this work, but the peptide group 
is the most important, being the most abundant. 


TABLE 1. Approximate content (m.equiv./kg.) of principal polar groups in fibres. 


Groups Nylon ! Silk * 3 4 Wool ® 4 


BOI oss iak 5406 dd s.3084 neta rite Cau caqudaaeweshvasinone 90 290 2080 
WII ois canconcen sth ive ceerWadvabe Soh Vat den neg snnvenssqasseed tes 100 200 2430* 
Fiydtoxkyl, (QUGGINIG) oie desler ude can sis traded enadesicsiees -- 1590 1520 

ve COOMOING bs. 555k 5s cxanssee -tleSieasioteindsvddecinas’s —_ 730 260 
Sulphur-containing (principally cystine) ( x 0-5) oa -- 1130 
Peptide (-CO-NH-) Dtebigesedtacdaasuptcasan 9005s _ 8850 11,840 8620 

* This includes primary and secondary amino-groups in the side chains. The most recent figure 
for the primary (side-chain and terminal) amino-groups is 852 m.equiv./kg. (Corfield and Robson, 
quoted by Horner, Discuss. Faraday Soc., 1954, 16, 113). 

1 Vickerstaff, op. cit. * Haurowitz, ‘‘ Chemistry and Biology of Proteins,’’ Academic Press, 
N.Y., 1950. * Howitt in “ Fibre Science,” see (a), above. ‘* Traill, J. Soc. Dyers Col., 1951, 67, 257. 


It would of course be desirable to know the values of the free energy of formation of 
hydrogen bonds under the present conditions, but very little information is available 
upon this subject. Flett has determined thermodynamic data for the formation of some 
hydrogen bonds, by infra-red spectrophotometry, but in one solvent only, carbon tetra- 
chloride. Some of his data for free energy are summarised in Table 2. In the absence 
of precise information we must assume that these bonds will have affinities of similar 
relative magnitude in the solvents used in the present work; thus an O++*H-++*O bond 
probably has a higher free energy than a N-++ H-+-+O bond between similar compounds. 
Presumably a N+++*H-+++N bond has a still lower value, though no data are available. 
The bonds formed by phenol are the strongest of any of those examined by Flett. 

(d) Cross-linkages. The nature of the principal hydrogen-bond cross-linkages in a 
fibre is important in determining its ability to adsorb any given solute. If these are 
stronger than those which might be formed between fibre and solute, the latter will 
probably not be adsorbed by a hydrogen-bonding mechanism. The principal hydrogen 
bond cross-links in protein fibres are those between peptide groups, and in nylon those 
between amide groups, and their strength will largely determine the adsorptive properties 
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of the fibres. It is usually assumed that these links are of -N-H +++ O=C< type in the 
crystalline regions of polypeptides and proteins (see, e.g., Bath and Ellis, J. Phys. Chem., 
1941, 45, 204; Robinson and Ambrose, Trans. Faraday Soc., 1952, 48, 854). There is 
evidence, however, that the peptide group is planar, the C-N bond having partial double- 
bond character (Pauling, Corey, and Branson, Proc. Nat. Acad. Sct., 1951, 37, 205; 


TABLE 2. Free energy of formation [—AG (60°), kcal./mole} of intermolecular hydrogen 
bonds (in CCl,) (after Flett J. Soc. Dyers Col., 1952, 68, 59). 
Solutes and type of bond. 


Diphenylamine + dioxan _.............s.+..... 0°70 Dioxan + phenol .. . 

Benzyl alcohol + azobenzene ................... 0°69 Benzyl acetate + phenol — Kae - 
Benzo-p-toluidide + dioxan ...............+. 1:02 Benzyl alcohol + dimethylformamide_ 
Acetonitrile + phenol ...... ; cesses 1-66 Phenol + dimethylformamide * 
Diphenylamine +4 dimethylformamide | 1-92 


9. 75 


Benzo-p-toluidide + dimethylformamide ... 75 


Pauling and Corey, ibid., pp. 235, 241, 251, 256, 261, 272, 282; Robinson and Ambrose, 
loc. cit.), which implies that the group is partially hack pet hence the inter-chain peptide 
bonds and perhaps the bonds in nylon also are partially of O*++HO character. Such 
inter-chain bonds in crystalline regions of the fibres are unlikely to be influenced by water, 
which does not readily penetrate these parts and they should, therefore, resemble those 
formed between model compounds in dry solvents. Buswell, Rodebush, and Roy (/. 
Amer. Chem. Soc., 1938, 60, 2444) by infra-red spectrophotometry, obtained evidence of 
considerable association and enolisation of monosubstituted amides, e.g., N-ethylacetamide, 
in carbon tetrachloride. It has, in fact, been observed (Arshid and Giles, unpublished 
work) that the enol form of simple alkylamides appears to be the more stable form in 
non-aqueous solution. An additional fact pointing to the existence of O-++* HO inter- 
chain bonds in nylon is that only the very strongest hydrogen-bond disruptive reagents 
(e.g., phenol or formic acid) dissolve this fibre. If all the inter-chain bonds were of 
NH:-:-+O type weaker reagents capable of forming OH:::O bonds (e.g., water or 
alcohols) might also dissolve it. 

(e) The nature of the solvent. Several specific effects may depend upon the nature of 
the solvent, e.g.: (i) inactivation of potential bonding groups in substrate or solute; 
(ii) disturbance of the keto—enol equilibrium in the peptide links (this may only apply to 
the non-crystalline regions of the fibre, the crystalline regions being inaccessible to the 
solvents used); (iii) ionisation—amino- and carboxyl groups are ionised by water, thus 
their mutual hydrogen bonds are broken and the resultant solvation of the ions by solvent 
molecules causes swelling of the fibre structure. Hence from an ionising solvent, especially 
water, larger solute molecules may be adsorbed than from a non-ionising solvent. 

(f) The wool fibre cuticle. It has now been established by electron-microscopy that wool 
has an outer cuticle which is highly resistant chemically and retards the entry of liquids 
except where it is broken by mechanical action (Gralén, J. Soc. Dyers Col., 1950, 66, 465). 
This is likely to affect rates of adsorption by wool, rather than equilibrium values. It 
may also influence the nature of adsorption from organic solvents, ¢.g., that of azobenzene 
(see p. 4386). 

Interpretation of Present Results—The results are summarised in Table 3 and some 
of the quantitative data are shown in Figs. 1—9. Interpretations follow. 

Adsorption from aqueous solution. The pores of the present fibres in water are quite 
large enough to admit all normal dye molecules, and since the water-soluble solutes used 
here have molecules smaller than most dyes, there can be no mechanical restriction to 
their actual entry into the interior of the fibre. The extent of their adsorption must 
therefore be entirely determined by the balance of forces of attraction between solute, 
water, and the molecular chains of the fibres. These forces must be principally those 
due to hydrogen bonding, because the small size of the solute molecules used here in water 
will reduce the magnitude of their van der Waals attraction for the fibre. This attraction 
in any case cannot be very readily identified in the adsorption of solutes from water, 
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because their solubility in water will arise from the presence of either a hydrogen-bonding 
or an ionising group and the chemical effects due to these will tend to mask any purely 
physical attraction. These general remarks in favour of a hydrogen-bond mechanism can 
be reinforced by the following more specific arguments in the case of the adsorption of 


Fic. 2. Isotherms of phenol on wool from 
organic solvents. 


Isotherms of phenol from water. 


Ce (mmole/kg.) 
Ce (m mole/kg,) 
5S 


Vn 
ia 
| 
50 


“ 
w 


700 750 
Cz (mmole/t.) 
a, Nylon, 30°; 6, nylon, 50°; 
c, wool, 30°; d, wool, 50°. 


Ny Ww 
T 


Scale fore 


For Cg and Cy see footnotes to Table 3. a 0 


3 100 
Scale for a,b 
JO 
Scale force 
Ca(mmole/e.) 


a, Ethanol, 40°; 6, ethanol, 50°; 
c, isooctane, 30°. 


1S 20 


lic. 3. Isotherms of p-nitrophenol 
from benzene at 60°. 
1200 Fic. 4. Isotherm of benzene on wool 
from n-butanol at 50°. 


1000 


Ce (mmole/kg.) 
@& 
Ss 
Ce (mmole/kg.) 
s § 
8 


Lailien ! l ! , 
1 1 e% 250 500 750 J000 
5 50 75 Cg (mmole /t) 

Cg (mmole/l.) 


a, Nylon; b, wool. 


particular solutes (cf. Zahn, loc. cit.); (i) Physical attraction alone cannot explain the 
adsorption, e.g., of aniline, or phenol (Fig. 1), otherwise pyridine, a molecule of similar 
size, would be adsorbed. Phenol has, in fact, much higher affinity for nylon from water 
than has benzoic acid, even though its solubility in water is higher at 25° (ca. 87 g./l. 
and 3-45 g./l. respectively). No very detailed work was done to determine the relative 
degrees of adsorption, but it was observed that the molar ratio of phenol to benzoic acid 
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Solvent f 
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TABLE 3. (Continued.) 
be 2: Result || 
Time, A ‘ 
Compound * Solvent ft Substrate { Temp. hr.§ Ca Cy 
o-Nitrophenol N 25, 40,60 70—25 ; 
N69, Wd 25, 40,60 70—25 
Wd 2: 


p-Nitrophenol 


30, 40,50 70,5 
30, 50 70, 
30, 50 70, 5 ; - » see Fig. x 
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50, 60 


Fhe 
Phenol See Fig. 2 
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See Fig. 5 
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* Compounds marked with an asterisk were tested at not more than two concentrations at each 
temperature. Others were tested in a full series of 6 or more concentrations. 

Tt = acetone; B = benzene; iBu = isobutanol; Bu = n-butanol; C = carbon tetrachloride; 
mC = m-cresol; D =dioxan; E = diethyl ether; El = ethanol; EG = ethylene glycol; M = 
methanol; O = isooctane; Pl] = n-pentanol; iP = isopropanol; nP = n-propanol; T = toluene; 
W = water. 

t N=nylon; aN = alkali-treated nylon; acN = acetylated nylon; N69 = “69 nylon”’; 
S = silk; W = wool; aW = alkali-treated wool; Wd = “specially dried’’ wool. 

§ Two or more figures refer to the respective temp. in col. 4. 

|| S = adsorbed, NS = not adsorbed, Cg = equilibrium concentration in bath (mmoles/1.) 


Cy = equilibrium concentration in fibre (mmoles/kg.). 


present on the fibre at equilibrium at 25° with a bath of 1-2 g./l. concentration is of the 
order of 10:1. Acetylation of the fibre was found not to alter the affinity for phenol, 
but to reduce considerably that for benzoic acid, which therefore must be adsorbed partly 
by an acid-base reaction with free amino-groups. (ii) Both phenol and hematoxylin 
have been shown (Arshid and Giles, unpublished work) to form hydrogen-bond complexes 
with alkylamide groups in aqueous solution, and they should therefore be able to do the 
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same with such groups in these fibres in water. (iii) The order of affinity for the fibres, as 
determined by the maximum adsorption, appears to be phenol > benzoic acid > aniline, 
which agrees with the hydrogen-bond affinity data (Table 2). (iv) The apparent heats of 
adsorption of phenol by nylon and wool from water are about —4-5 and —4-0 kcal./mole, 
respectively ; these are of the expected order of magnitude for the formation of one 
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hydrogen bond by adsorption from aqueous solution. The corresponding figure for 
adsorption of phenol, from water, on y-Al,O3, almost certainly a hydrogen-bond reaction, 
is —4 to —4-5 kcal./mole (Giles, Mehta, Stewart, and Subramanian, preceding paper). (v) 
Phenol is found to be entirely unadsorbed by nylon from alkaline solutions, but it is 
readily adsorbed from neutral or acid solution and change in pH value on the acid side 
has little effect on the amount adsorbed; Marsden and Urquhart (J. Textile Inst., 1942, 
83, 1105) observed a similar effect with cellulose acetate. Only the neutral phenol 
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molecule, and not the phenoxide ion, can therefore be adsorbed by these substrates. (vi) 
There is much evidence (see, ¢.g., Gustavson, J. Polymer Sct., 1954, 12, 317) that hydrogen 
bonds are formed between the phenolic groups of vegetable tannins in water and peptide 
groups of adjacent protein chains. 

The non-adsorption of acetone and pyridine from water may be attributed to the 
protective action of the solvent. [The keto-group in aliphatic ketones appears not to 
form hydrogen-bond complexes in water (Arshid and Giles, unpublished work).} Alter- 
natively, it might mean that the active sites are donor atoms, ¢.g., nitrogen in the enolic 
form of the peptide group. Adsorption of hydrogen-bond acceptors would then occur 
without disruption of the inter-chain bonds. This does not, however, seem likely. 

Adsorption from non-aqueous solution. Non-hydroxylic solvents do not swell these 
fibres, since they neither take part in hydrogen bonding nor promote ionisation of any 
groups. The adsorption from such solvents of solutes of the types used in this work will 
therefore be much more dependent than adsorption from water on (a) the molecular size 
of the solute, since this in all cases is close to the pore size of the unswollen fibres, and 
(b) the hydrogen-bond affinity of the solute, because in the absence of a swelling solvent 
the solute itself should be capable of breaking inter-chain bonds in the fibre if it is 
to be adsorbed by hydrogen bonds. In fact, it is likely for the reasons already given 
that the inter-chain bonds will be broken only by hydroxylic compounds. This does in 
fact occur, and almost all hydroxylic compounds are adsorbed (see, ¢.g., Figs. 2, 3, 5, 6). 

Phenols. Phenol itself is readily adsorbed by nylon or wool from non-aqueous solution 
(Fig. 2); * it is clearly able to disrupt the inter-chain bonds between —CO*NH- groups, 
because if the solution is sufficiently concentrated (e.g., 20° in benzene), nylon is entirely 
dissolved. Practical difficulties prevented the full examination of its adsorption from 
non-aqueous solutions; its light-adsorption band lies in the lower ultra-violet region, in 
which most of the possible solvents also absorb, whereas in, ¢é.g., 7sooctane, which has 
low ultra-violet absorption, it has low solubility. #-Nitrophenol, however, can more 
readily be determined absorptiometrically and its adsorption was studied from benzene 
solution. It is adsorbed by wool (though the affinity is lower than that of phenol), and 
to a very high degree by nylon (Fig. 3), on which no sign of any limiting adsorption is 
observed even in solutions as concentrated as ca. 10 g./l. (approaching saturation). 

1-Naphthol and p-hydroxyazobenzene, however, are not adsorbed by these fibres and 
2-naphthol is adsorbed to only a small extent. In an attempt to interpret these 
observations, molecular-weight determinations of these compounds (in benzene) were 
made. The results (Fig. 10) show that p-hydroxyazobenzene is considerably associated ; 
clearly, the mutual affinity of the phenolic groups in this solute is greater than their 
affinity for any of the potential hydrogen-bonding groups in the substrate. 1-Naphthol 
is solvated by the solvent, which circumstance, together with the size of its molecule, 
my account for its non-adsorption. 2-Naphthol, though apparently unassociated, is 
adsotbed to only a small extent. The reason for this has not been further examined, 
but it may simply be due to the resistance offered by the fibre to the penetration of the 
bulky atomatic nucleus.+ 

Alcohols and water. Methanol is readily adsorbed by nylon or wool from benzene 
solution, and shows a high degree of penetration (Fig. 6 and see also below). Hydrogen 
bonding must be responsible for its affinity for these fibres. 

The adsorption of water from a number of solvents was also studied. A consideration 
of the results (Table 4, Fig. 5) suggests that the affinity may be determined by a balance 
between the tendency of the solvent on the one hand to prevent adsorption, by solvation, 
and on the other to promote it by swelling the fibre. Full isotherms were determined 
with n-butanol as solvent (Fig. 5). In this system the solvent cannot enter the fibre; 
only solute molecules escaping from solution can do so, and these may be considered to be 
in the vapour phase. 

2: 2: 4-trimethylpentane) at its b. p. is attributed to the 


* Non-adsorption of phenol from isooctane (2 
high negative apparent heat of sorption, which so reduces the affinity at that temperature that the 


amount removed from solution is not measurable. 
+ Nylon dissolves in molten 1- or 2-naphthol. 
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TABLE 4. Adsorption of water by wool * from various solvents. 
Equilibrium adsorption, 


Equilibrium adsorption, 
Solvent mmoles/kg. 


Solvent mmoles/kg. 


MEMAMNNE, «ois asicewsccess maniede isoPropanol 0-6 x 104 

vj isoButanol 1-4 x 104 
. Benzene-ethanol (4: 1) ... 2-9 x 104 
“1 xX POI) «5 <i scheinden pibee ded tae 1-1 x 104 


rere 
n-Propanol a 1 
"icing MEO l 
n-Pentanol 1 
Conditions: Initial concn. 275 mmoles/l.; 50°, 18 hr. 
* Normally dried. t Negative adsorption was actually observed, i.e., traces of water appeared 
to be extracted from the fibre. 

Benzene as solute. It was proposed to apply many of the non-hydroxylic compounds 
to wool from solution in benzene, and tests were therefore made to determine whether 
benzene itself is specifically attracted by the fibre, by using it as a solute. Methanol 
and m-butanol were chosen as the solvents and adsorption was found to occur from the 
latter (Fig. 4), but not from the former. #-Butanol cannot penetrate the dry fibre; 
methanol can; it is thus clear that the benzene molecule by itself can also penetrate 
and that it has appreciable attraction for the fibre, provided there is no competition by 
the solvent. The attraction must be solely physical. Attention was next turned to a 
number of other non-hydroxylic compounds. 

Other non-hydroxylic compounds. The adsorption of these substances seems to be 
determined solely by van der Waals attraction between fibre and solute, and hydrogen 
bonds do not appear to be formed. It is difficult to demonstrate unequivocally that 
this is so, but a number of facts point to this conclusion. For instance, (a) the smaller 
molecules, ¢.g., acetone, aniline, phenylhydrazine, and pyridine, are unadsorbed from 
solvents able to enter the fibre, though they are themselves small enough to penetrate it, 
and in many cases they would be expected to be quite capable of forming intermolecular 
hydrogen bonds; (’) when the conjugate system of the solute molecule is extended, 
affinity for the fibre increases—anthracene, azobenzene (Fig. 7), #-aminoazobenzene (Fig. 9), 
o-hydroxyazobenzene, o-nitrophenol (on nylon, but not on wool), and stilbene (Fig. 8) are 
adsorbed, whereas compounds with molecules of similar shape and size, but without a 
fully extended conjugate chain, e.g., benzophenone, diphenyl, and 2: 3: 4-trihydroxy- 
benzophenone, are not. The adsorption of o-nitrophenol only from benzene by nylon, all 
other tests (see Table 3) giving negative results, is difficult to explain, but in the absence 
of other information it may be attributed to a combination of pore-size and solvent effects 
together with the more pronounced hydrophobic nature of nylon. Molecular-weight 
determinations (Fig. 10) show evidence of solvation; association occurs only at high 
concentrations, and then only slightly. 

The non-adsorption by either nylon or wool of azoxybenzene, phenylazo-2-naphthol, 
phenylazo-m-toluidine, bisphenylazobenzene, dimethylaminoazobenzene, dodecylpheny]- 
azo-p-cresol, 2-hydroxyanthraquinone, methyl 2-naphthyl ketone, and (perhaps) o-nitro- 
phenol (by wool) must be attributed to the fact that their molecules are either of the 
wrong shape or are too large to enter the pores of the fibre. Anthracene must be 
approaching the limiting size for entry, for its adsorption is only measurable in the more 
dilute solutions. 

Apart from these general observations, a number of other interesting facts are revealed 
by the results, and merit brief discussion, as follows. 

Pore size of fibres. This work confirms Speakman’s observation that the pores of dry 
wool are too small to allow n-butanol molecules to pass. They appear, however, to offer 
no obstruction to benzene. The penetrability of an alkyl chain is thus determined by 
its cross-section when in the crumpled, rather than the extended, form. Dry nylon must 
have pores very slightly larger than those of wool; the penetrability of the two fibres 
for most solutes appears to be similar, yet o-nitrophenol enters the one fibre but not the 
other (see, however, the remarks above). 

Influence of certain solvents upon adsorption. The following observations on solvent 
effects may be noted: (a) p-Nitrophenol has considerably higher affinity for wool from 
ethanol than from benzene (Table 3), even though its solubility is higher in the former 
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solvent : the cause must be a small swelling action of ethanol, due either to its hydrogen- 
bonding or to slight ionising properties. (b) Azobenzene is unadsorbed by wool from 
m-cresol, owing either to high solubility or to blockage of the molecular chains of the 
fibre by attached solvent molecules. (c) When nylon was immersed in a cold alcoholic 
solution (0-16 g./l.) of phenylazo-2-naphthol, which was then diluted with 4 parts of water, 
i.e., nearly sufficient to cause precipitation, the solute was adsorbed by the fibre (to the 
extent of ca. 10 mmoles/kg.), and could not be washed out by fresh alcohol. It is believed 
that the water, by swelling the fibre and simultaneously reducing the affinity of the solvent 
for the azo-compound, enables van der Waals attraction between fibre and solute to 
become effective. 

Isotherms with maxima. Several of the isotherms, e.g., those for benzene in n-butanol 
(Fig. 4), and for p-aminoazobenzene (Fig. 9), methanol (at 50°; Fig. 6), and p-nitrophenol 
(on wool) (Fig. 3) all in benzene, exhibit the very unusual feature of a maximum, beyond 
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which an increase in solution concentration leads to a decrease of amount of solute sorbed. 
The cause is clearly some competing process, the most likely being association of the 
solute in the external phase. 

Measurements of total surface area. In Table 5 the values for the apparent total 
internal surface area of wool are shown, calculated from the isotherms for the respective 
solutes, on the assumption that a monolayer is represented either by the first “ knee ”’ 


TABLE 5. Total surface area measurements (wool). 
Approx. Approx. 
area X 1075 area X 10~° 
Adsorbent (and solvent *) Temp. (cm.?/g.) Adsorbent (and solvent) * (cm.?/g.) 
INGESO MOI 6 oo sing p05 65 digs cots vos cog eeeiecs 195 0-096 f Water vapour 
p-Dimethylaminoazobenzene (B) 30 2 Benzene (Bu) jusi ch 
p-Nitrophenol (B) .................. 60 2-5 Methanol (1B), 2. 5...6:55...5<é 
p-Aminoazobenzene (B) 50 f Water (Bu) 
PDOWEMBORE CI vos oe Che sen cne chs ees 30 ¢ Phenol (E1) 
* B= Benzene, Bu = n-butanol, El = ethanol. ft Rowen and Blaine, Ind. Eng. Chem., 1947, 39, 1659. 


of the curve or by the maximum, where one occurs. These values are seen to be in 
reasonable agreement with Rowen and Blaine’s estimate made from water-vapour adsorption 
measurement. The following arbitrary assumptions were used as a basis for the present 
estimations: (i) that the molecules of benzene, methanol, and the phenols are oriented at 
right angles to the molecular chains of the fibre, and those of water and the azobenzene 
compounds parallel thereto; (ii) that only two-thirds of the surface is available to the 
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hydroxylic compounds (t.e., in each CHR:CO-NH unit only the CO-NH part is covered). 
It is interesting that the surface area available to a hydroxylic compound (methanol) 
which is a non-solvent for the fibre, is approximately the same for nylon as for wool. 
When the hydroxylic compound is a solvent for the fibre (e.g., the phenols with nylon) 
the apparent area of course increases indefinitely with rise in concentration of the bath. 

The apparent heat of adsorption. Quite large differences occur between the apparent 
heat of adsorption of many of the compounds examined, even though their real heats of 
adsorption may be expected not to differ much. Examples are given in Table 6. The 
data seem to demonstrate a connection between the heat change on adsorption and the 
nature of association between solute and solvent. Similar effects are observed in 
adsorption on y-alumina (Giles, Mehta, Stewart, and Subramanian, Joc. cit.). As the 
change of entropy on adsorption falls, the apparent heat of sorption becomes more 
positive. It has a high negative value when the solute is aromatic and the solvent 
aliphatic, or vice versa; in these circumstances the difference between the shape and the 
size of the two types of molecule, and the consequent low mutual physical attraction, 
will ensure a highly random distribution of solute and solvent molecules. When both 
solute and solvent are aromatic, however, the strong mutual physical attraction of their 
hydrocarbon nuclei will ensure a more ordered association in solution and consequently 
there will be a smaller entropy change when a solute molecule is removed from solvent 
to substrate. 

Peculiarities in azobenzene adsorption. The affinity of azobenzene for wool is much 
higher than for nylon when the last traces of moisture are removed by drying the solution 
itself; but when solvent and fibre only are dried, the affinity for wool falls considerably, 
whereas the affinity for nylon rises a little, so that both fibres then adsorb the solute to 
a similar extent. It is difficult to account for this observation except perhaps as follows. 
The van der Waals attraction which the fibres offer to the solute is that of the main 
molecular chains. Traces of water adsorbed at the -CO*-NH-— groups therein will reduce 
adsorption by wool, by interference with the adlineation of the solute molecules to the 
chains. Nylon has much fewer hydrophilic groups and the effect of water addition will 
be different ; it may even act in the opposite sense, because by breaking some inter-chain 
bonds between —-CO-NH- groups it may expose relatively much larger areas of hydrophobic 
surface. 

TABLE 6. Apparent heats of adsorption (AHg, kcal./mole). 


Temp. AH, t 

Solute Solvent Fibre range Cy * (approx. ) 

Azobenzene Benzene Wool 30—50° 50 —3 

150 —2: 

200 

PROG! 13; La vigstisstirds Ais. de. Te Wool 30—50 500 

1000 

PRIN so ssh canto psskas aapcenigan slates Fu te Nylon 30—50 500 

p-Dimethylaminoazobenzene ... Benzene Wool 30—50 20 

So re re eee Wool 40—50 500 

POUR ATION osc scene sagannds denne sie 3enzene Wool 30—50 6000 
* Cy = Equilibrium concentration on the fibre (mmoles/kg.). 

t+ The convention followed here is that a negative value for AH, represents an exothermic 

adsorption process. 
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Wool treated with alcoholic potassium hydroxide, which according to Lindberg (Textile 
Res. J., 1953, 28, 67, 225, 573) increases the polarity of the epicuticle without affecting 
the internal structure of the fibre, shows a slightly greater affinity for azobenzene (Fig. 7), 
attributable to a reduction of the affinity of the solvent. Nylon similarly treated, however, 
shows a rather more pronounced increase in affinity than wool; since this fibre has no 
epicuticle, the change may be due to some attack on the internal fibre structure. 

Non-sorption by an “ odd”’ polyamide. An “ odd’’ distribution of amide groups in a 
polyamide produces, amongst other effects, a reduction in m. p., compared with corre- 
sponding “‘even’”’ polymers; e.g., pentamethyleneadipamide (“56 nylon ’’) has a lower 
m. p. (223°) than hexamethyleneadipamide (“66 nylon ’’) (265°) (Reynolds, in “ Fibre 
Science,’ see above). If the main molecular chains are parallel, every amide group in 
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“even ’’ polyamides can cross-link with another in an adjacent chain, but only alternate 
amide groups can do so in “‘ odd ’’ polyamides, and it has sometimes been suggested that 
the lowered m. p. of the ‘‘ odd ”’ polymers is due to this inability of one-half of the total 
amide groups to engage in hydrogen bonding. If so, the free amide groups should confer 
the ability to adsorb donor compounds from non-aqueous solvents. Accordingly, 
experiments were made in which o-nitrophenol and three azo-compounds were applied 
to an ‘‘ odd” polyamide (“69 nylon ’’), but in no case was any adsorption noted. This 
suggests that amide groups are not present in an unbonded state, and thus that their 
mutual hydrogen-bond attraction is sufficient to ensure that each group associates with 
its nearest neighbour, even in the ‘“‘odd”’ polyamides. This would involve a slight 
disorientation of part of the hydrocarbon chain, to which the lowered m. p. must be due. 

Conclusions.—The main conclusions of this investigation may be related to the points 
detailed on p. 4377 as follows : 

(a) Pore-size. The average pore size of dry wool, estimated by Speakman as ca. 
6 A is confirmed and thus only solutes whose molecules are not larger than those of 
n-pentanol in the aliphatic series and anthracene or certain simple azobenzene derivatives 
in the aromatic series can penetrate the intermolecular pores of the unswollen fibre from 
non-aqueous solution. The pore size of dry nylon appears to be comparable with that 
of wool. 

(b) Molecular structure of solute. Purely physical attraction seems to hold non- 
hydroxylic solutes to the fibres in absence of water. This attraction appears to be more 
critically dependent than is hydrogen-bond affinity on the length of the conjugate chain 
in the solute molecule and it sets a lower limit to the molecular size, below which adsorption 
from a penetrating solvent is inappreciable. For wool this limit is at about the size of 
the azobenzene molecule, and for nylon it appears to be near that of o-nitrophenol. 

(c), (d) Hydrogen bonding affinity, and cross-linkages tn fibres. The adsorption results 
suggest that the inter-chain hydrogen bonds in both nylon and wool in absence of water 
may be largely of O-+*H*++O type; this is shown to be in conformity with recent 
views on the nature of the peptide linkage in proteins. Such bonds can be broken, and 
replaced by intermolecular bonds with the solute, only when the latter is a hydroxylic 
compound, and hydrogen bonds are thus formed only with such solutes. Previous workers 
(see above) have also found that phenols and related bodies break inter-chain hydrogen 
bonds in wool. 

(e) Nature of solvent. The swelling power or penetrability of the solvent is important 
in determining the extent of adsorption of the solute; e¢.g., if the solvent has a high 
affinity and can enter the fibre, it may by competition prevent the adsorption of a low- 
affinity solute dissolved in it, but if the solvent cannot penetrate the fibre, such a solute 
may then be adsorbed. On the other hand, the adsorption of a solute of high affinity 
may be promoted by an increase in the swelling power of the solvent, presumably because 
this releases new adsorption sites in the fibre. 

A somewhat similar reason may account for the ability of non-hydroxylic compounds 
with small molecules to adsorb from aqueous solution, when they do not do so from 
non-aqueous solution. The opening up of large additional internal regions of the fibre 
by the great swelling power of water may expose sufficient sites for the adsorption 
of such compounds to become measurable. 

(f) Wool cuticle. The only evidence of the presence of the wool cuticle which has 
been obtained in this work is a slight change in the adsorptive properties of the fibre 
after alkaline treatment. 

The process of adsorption of a penetrating solute from solution in a non-penetrating 
solvent resembles a vapour-phase reaction. This seems to open up the possibiltiy of 
studying vapour-phase adsorption by fibres by a new method, which is both simpler and 
more rapid than the conventional one. 

Implications regarding adsorption of dyes. Nothing precise is known of the physical 
forces of attraction between the molecules of the present fibres and large unsulphonated 
aromatic residues. It is clear, however, from this work that such forces are powerful 
enough to operate even when solute and substrate molecules are rather widely separated, 
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i.e., when they are in presence of excess of a solvent, viz., benzene, which, being itself 
strongly attracted both to the fibre and to the solute molecule, may remain sandwiched 
between them. Moreover, physical attraction appears to be able to hold sulphonated dye 
molecules in water to the molecular chains of cellulose in similar circumstances, t.e., when 
a layer of solvent molecules is interposed between them (Allingham, Giles, and Neustadter, 
loc. cit.), and thus it may be equally as effective with other fibres. 

A sulphonated dye requires to have a lengthy planar molecule in order to exhibit 
sufficient affinity for cellulose to show useful substantivity (Vickerstaff, op. cit.). This 
requirement is no doubt a result of the rigid planar structure of the cellulose molecule, 
since otherwise the dye molecule could not adlineate itself sufficiently closely thereto for 
physical attraction to be significant. The molecules of protein fibres and of nylon, 
however, are much more flexible than those of cellulose and can therefore accommodate 
themselves more readily to dye molecules of varying shapes and sizes. Thus there is 
no evidence (Vickerstaff, Joc. cit.) that any particular molecular features other than 
molecular weight and ionic charge influence the affinity of sulphonated dyes for wool. 
It therefore seems highly probable that the affinity of sulphonated dye anions for wool 
(or nylon) is at least partly determined by physical attraction. Whether hydrogen bonds 
also contribute to the affinity is, however, still undecided, for the following reasons. 

On the one hand, it appears that wnsulphonated compounds containing the groups, 
e.g., hydroxy, amino, etc., which are also present in most sulphonated dyes can form 
hydrogen bonds with the fibres when applied from water. There is also a little evidence 
(Allingham et al., loc. cit.) that such groups even when present in sulphonated dyes dissolved 
in water can unite by hydrogen bonding with a solid substrate (a condensed monolayer). 
Vickerstaff (loc. cit.) also believes that hydrogen bonding is at least to some extent effective 
between such dyes and wool, because “if it were not so, all dyes of the same degree of 
sulphonation should vary in wash fastness in direct proportion to their molecular area.”’ 
On the other hand, Derbyshire and Marshall (Discuss. Faraday Soc., 1954, 16, 140), by 
calorimetric studies, obtained evidence that naphthalene-orange G (Colour Index No. 151), 
a typical sulphonated wool dye, does not form a hydrogen bond with amino-acids (used 
as models of protein fibres) in water. A similar conclusion was reached by Jain (personal 
communication) in studies of the hydrogen bonding of sulphonated dyes with alcohols in 
water. It appears that the sulphonated molecules in solution may be too strongly 
solvated by water for weak hydrogen-bonding agents, which are also dissolved, to approach 
the potential reacting centres. The apparent inconsistency of some of these facts has not 
yet been resolved. 


EXPERIMENTAL 

Reagents.—All solutes were either commercial products of analytical quality or purified 
laboratory specimens. Benzene, ether, and toluene were stored over sodium, the ethanol 
was commercial “‘ absolute ’’ material (ca. 99%), the dioxan and methanol were of the completely 
anhydrous “‘ specially dried ’’ quality (B.D.H.) used for Karl Fischer analyses; the remaining 
alcohols were of analytical-reagent quality, and distilled water was used for the aqueous 
solutions. 

Phenylazo-m-toluidine (orange leaflets, m. p. 73°, from isooctane) was prepared in the 
normal manner from aniline and m-toluidine. Bisphenylazobenzene, prepared from p-aminoazo- 
benzene and nitrosobenzene (Mills, J., 1895, 67, 925), formed orange crystals, m. p. 168°, from 
glacial acetic acid. o-Hydroxyazobenzene was separated in very small yield (ca. 1%) by 
steam-distillation from a sample of p-hydroxyazobenzene (Bacovesu, Ber., 1909, 42, 2938). 

Methyl 2-naphthyl ketone was prepared from resublimed naphthalene and freshly distilled 
acetyl chloride by Friedel-Crafts synthesis in nitrobenzene. The solvent was removed by 
steam-distillation; the product, recrystallised from glacial acetic acid, formed white crystals, 
m. p. 54°. 

Azobenzene, aminoazobenzene, and other non-hydroxylic solutes gave inconsistent results 
unless the solutions, and not the solvents alone, were dried over sodium, Evidently traces 
of water adsorbed on the reagents in the solid state interfere with adsorbtion by the fibres. 
Solutions of hydroxylic compounds could not be dried in this way because they reacted or 
formed adsorption complexes with the drying agents; the solid solutes were therefore oven- 


[1954] Adsorption at Organic Surfaces. Part I. 4389 


dried at 110° for up to 7 days before use. In addition, all the non-aqueous solutions which 
were not sodium-dried were made up freshly before each experiment, otherwise inconsistent 
results were liable to be recorded, again probably owing to the adsorption of traces of atmo- 
spheric moisture on standing. 

Fibres.—These were first purified as follows and then stored in well-stoppered bottles : 
nylon (15 fil., 45 den. drawn yarn and undrawn monofil), by scouring in 0-5% solution of a 
non-ionic detergent (Lissapol N) (Imperial Chemical Industries Limited) with addition of a 
little ammonia, at 60° for 15 min., followed by thorough rinsing in distilled water; silk (raw 
domestic), by treatment in 3% soap solution at the b. p. for 1 hr., then again in 1% soap 
solution at the b. p. for 30 min., followed by rinsing and drying; before use, traces of yellowish 
solvent-soluble colouring matter were extracted (Soxhlet) from the fibre by toluene; wool, 
root ends (1-5—2 in.) of a Lincoln fleece were lightly scoured as for nylon, then extracted 
(Soxhlet) for 24 hr. with ether or methylene dichloride (which is more effective than ether in 
removing waxes), then steeped overnight in distilled water. Before use, all fibres except those 
“specially dried ’’ were conditioned in air at room temperature for 24 hr., weighed in the 
air-dry state, then oven-dried at 100—110° for 12—18 hr. and immediately introduced into 
the adsorption liquors. The quoted weights are those in the air-dry state. 

69 Nylon. This was received in the form of lumps of a very hard white resin, m. p. 
197—199°. It was dissolved in phenol, precipitated in water, washed overnight in running 
water to remove adsorbed phenol, rinsed in distilled water, dried at 110°, then conditioned 
at room temperature before use. 

‘* Specially-dried’’ fibres. Some samples of nylon and wool (indicated in Table 3) were 
dried more completely than usual by steeping for successive 12-hr. periods in absolute ethanol, 
“specially dried ’’ methanol, and dry ether, followed by oven-drying at 100—110° for 4 hr. 
They were then immediately placed in the adsorption tubes. 

Acetylation of nylon. Peters’s method was used (J. Soc. Dyers Col., 1945, 61, 95). Drawn 
nylon yarn (15 g.) was treated with acetic anhydride (90 g.) in dry benzene (270 c.c.) at 75° 
for 48 hr. After being rinsed with benzene, then with acetone, and finally with water, the 
yarn was dried and conditioned. Peters found that this treatment almost fully acetylated the 
fibre. 

Adsorption Tests.—0-2—0-5 G. of fibre and 5—15 c.c. of 0-1—10 g. per 1. solutions were 
placed in closed tubes, ground-glass stoppers being used for aqueous solutions, and complete 
sealing of the glass for those in organic solvents. The tubes were placed in a thermostat and 
mechanically agitated, end-over-end, at ca. 35 cycles per min. The fibre was packed into a 
separate, inner, open-ended, perforated glass tube, which falls to-and-fro during the agitation 
cycle, out of phase with the main container, so that liquor is caused to pulsate in and out of 
the fibre through the perforated walls. This simple device overcomes the difficulty, otherwise 
experienced, of a mass of loose fibre blocking the adsorption tube and preventing adequate 
agitation and contact with the solution. 

Where positive adsorption was observed, the time required to reach equilibrium was 
determined by rate measurements at the appropriate temperature. 

Methods of Analysis.—Most of the aromatic compounds, and acetone, were determined 
absorptiometrically in either a Hilger Spekker absorptiometer or a Unicam SP500 Photo- 
electric Spectrophotometer. The use as solvent of isooctane, which has low ultra-violet 
absorption, enabled a number of colourless compounds, e.g., phenol or pyridine, to be analysed 
thus. Volumetric methods were used for benzoic acid, (aqueous) phenol (bromate—bromide ; 
Koppeschaar, Z. anal. Chem., 1876, 15, 233), dihydric and trihydric phenols (potassium per- 
manganate; Pence, J. Ind. Eng. Chem., 1913, 5, 218), and water. For the last, Karl Fischer 
(direct) titration in a Townson and Mercer (B.D.H.) pattern apparatus was employed. 

Some aromatic and aliphatic compounds whose analysis might otherwise have been 
difficult, e.g., methanol or butanol in benzene, and pyridine in water, were determined by 
refractometric measurement of the solutions on a Zeiss—Pulfrich refractometer. A correction, 
if necessary, was applied for any slight change in refractive index of the pure solvent kept in 
contact with a sample of fibre, in a blank experiment run simultaneously, and attributed to 
traces of impurity or decomposition products from the fibre extracted in the prolonged adsorption 
procedure. As an additional precaution, the fibres used in such experiments were extracted 
(Soxhlet) for several hours before the experiment with the solvent to be used for the adsorption 
tests. 

Examination of azobenzene solutions. Spectroscopic examination of the azobenzene solutions 
was made before and after the adsorption tests, in comparison with solutions of azoxybenzene, in 
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order to determine whether the apparent reduction in concentration of the former might be 
due simply to a loss in optical density caused by a catalytic oxidation * to the azoxy-compound, 
and not to adsorption by the fibre. In view of the identical position of the azoxybenzene 
peak and one of the peaks of azobenzene (in the spectral range examined, both compounds 
have an absorption peak at 3300 A; azobenzene, but not azoxybenzene, has one at 4400 A), 
it was not possible to obtain decisive evidence, but the results gave no indication that azoxy- 
benzene was present after the tests. 

Thermodynamic Data.—The apparent heat of adsorption, i.e., the resultant value of the 
heat generated by formation of the bond between solute and substrate and that generated by 
removal of solute from solution, was calculated in the usual manner by the Clausius—Clapeyron 
equation, from the value of the solute concentration in the liquid in equilibrium with a given 
concentration in the substrate at two temperatures. 

Molecular-weight Determinations.—These were made by the Beckmann f. p. method in the 
special quality benzene (B.D.H.) supplied for the purpose. 
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The Stability Constants of the Indium Halides. 


By B. G. F. CARLEson and H. IRvING. 
[Reprint Order No. 5498.] 


Stepwise equilibrium in complex solutions of indium halides at 20° has 
been investigated for halide concentrations up to 0-5m. Radioactive indium 
was employed in conjunction with a strong cation-exchange resin in the 
H*-form, and the ionic strength was maintained at 0-691m with perchloric 
acid. The existence of the complex species InA?*, InA,*, and InA, was 
established (A = Cl-, Br-, and I-) and their stability constants, K;, were 
measured. The stabilities decreased in the order Cl > Br >I, and K, > 
K, > K,. Anionic complexes were shown to be considerably weaker. 


StupiEes of the solvent-extraction of indium halides (Irving, Rossotti, and Drysdale, 
Nature, 1952, 169, 619; Irving and Rossotti, Analyst, 1952, 77, 801) and a growing 
appreciation of the important part which the stepwise formation of complexes InA;?~/ 
(A = Cl, Br, or I) play in such systems (Irving and Rossotti, unpublished work) made it 
desirable to obtain values for the individual stability constants defined by (; = 
InAj?~4]/[In?*][A-}, (7 =0,1,...2; and [InA,**] = [In**)). 

Until recently very few investigations of aqueous solutions of indium halides were 
reported. On the assumption that only the 1 : 1-complexes were formed (7 = 1), Hepler 
and Hugus (J. Amer. Chem. Soc., 1952, 74, 6115) calculated values of 8, for indium chloride, 
bromide, and iodide complexes from data reported by Moeller (cbid., 1941, 63, 1206) on the 
hydrolysis of different indium salt solutions. A recalculation of the same data here 
(Rossotti, personal communication) has given substantially smaller values (Table 1). 
From a polarographic study of the reduction of indium ions in a chloride ion medium 
Schufle, Stubbs, and Witman (ibid., 1951, 78, 1013) postulated the existence of the 


* Some aqueous hematoxylin solutions, stable in absence of fibre, were found to oxidise in presence 
of nylon or wool. 
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complexes InCl,* and InCl,- and reported values for their stability (8, = 30—67, and 
8, = 0-08—0-17). These figures do not appear to be very reliable owing to variations in 
the ionic strength and to uncertainties in the standard potentials of the cells. In a more 
recent and extensive polarographic investigation Cozzi and Vivarelli (Z. Electrochem., 
1953, 57, 408) established the concentration ranges over which the various indium halide 
complexes predominated, and although actual stability constants were not reported, the 
order of decreasing stability was clearly shown to be Cl > Br> I. While the present 
work was in progress values for the first three stability constants for all the indium halide 
systems were obtained by an ion-exchange method by Schufle and Eiland (J. Amer. Chem. 
Soc., 1954, 76, 960), and a caretul and comprehensive investigation of the complex 
chemistry of indium, including that of its halides, has been undertaken by Sundén (Svensk 
Kem. Tidskr., 1953, 65, 257; 1954, 66, 20, 50). Asummary of the published data, together 
with values obtained in the present investigation appears in Table 1. Discrepancies will 
be discussed later (p. 4395). 

The method employed in the present investigation differed from that originally 
developed by Fronaeus (Acta Chem. Scand., 1951, 5, 859; Svensk Kem. Tidskr., 1953, 65, 
19) and followed by Schufle and Eiland (/oc. cit.) in that the strong cation-exchange resin 
was used in the H*-form rather than in the sodium-ion form. In order to secure a 
conveniently measurable distribution ratio between the hydrogen ions and tervalent indium 
ions, which are adsorbed very strongly on the resin, the hydrogen-ion concentration in 
solution was held constant and fairly high (0-691Mm) throughout the experiments by the use 
of perchloric acid. This does not interfere through competitive complex formation, but 
it ensures that the equilibrations are effected at an acidity where the hydrolysis of the 
aquated indium ions is completely suppressed. Moreover, on maintainance of a constant 
ionic strength, the activity coefficients of species in the aqueous phase may be regarded as 
constant. 

TABLE 1. 
Fluoride Chloride i Iodide 


A 


Authors B, 
Hepler and Hugus * ? — 
Rossotti ® — 
Schufle, Stubbs, and 

Witman °¢ a= — ‘ —_ 
Schufle and Eiland 4 103 6 x 10° 4 x 108 } 5 16 60 ¢ 2 — 


SHUTMNCNE Senn ces casiere nie _ — — 3900 95 360 180 — 
Sundén/ _.,........... 6 X 108 18 x 105 4 x 108 -— —- — - —- —- — - 
Present authors’ ... — — — 22 4250 8950 103 1250 1900 44 360 300 
Present authors’ ... 6 x 103 26 x 10° — —- — —- —- —- -—- -—- —- — 
« J. Amer. Chem. Soc., 1952, 74, 6115. ° Calc. from data by Moeller (loc. cit.) for 25° which refers 
to pH 1-4—3-3 and ionicstrength pup to0-04m. ¢ Jbid., 1951, 78,1013. Data for 25° and p = 0-01 
4m and pH —0-6 to 2. ¢@ Ibid., 1954, 76, 960. Data for 25° and M-sodium perchlorate at pH 3:8. 
¢ Svensk Kem. Tidskr., 1954, 66, 20. Data for 20° and pv 2m-sodium perchlorate at pH 2—2:6. 
f Ibid., p. 50. Data for 20° and » = m-sodium perchlorate at pH 2—2-6. #* Data for 20° and u 
0:691m-perchloric acid at pH =0-16. 4 Calc. from potentiometric measurements by Hepler, Kury, 
and Hugus (J. Phys. Chem., 1954, 58, 26) for » = 0-5m at 25° and pH 1:3, assuming [HF}/[H*][F~] = 
1-15 x 10°. 


In deriving stability constants from the experimental data Fronaeus’s methods were 
adopted in the main (loc. cit.) and his notation will be used with only minor modifications. 
Let C’m, and C’, be the total concentration of indium and ligand (halide ion) in the solutions 
(in moles/l.) before addition of the ion-exchange resin, and Cy, and Cy, their total con- 
centrations in the aqueous solution after equilibration with the resin. [M] represents the 
equilibrium concentration of a species in aqueous solution and [M]pz the equilibrium 
concentration in moles/g. (dry weight) of resin. Then, 


Cin = [In**] + [InA?*] + [InA,*] 4 
n 
= [In**](1 + BA“) 
j= 
and (Cin)x = [In3*]x + [InA?*]p + [InA,*}r 
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We shall also make use of the polynomials defined by : 


PG | +> BAP, and Xj = (Xj_4 — B; _3)/{[A7]; (Xo = X) 


j=l 
For each of the species InAj?~/ exchanging for hydrogen ions in the resin we can write : 
InA,;?-) + (3 — 7)(H*)a == (3 — 7)H* + (InA;?-/)p 


and by applying the law of mass action to these exchange equilibria : 


[InA;* “IR =a ’ [H*}p3-5 : 
AS-h) Spee 
[InAj?~J] (H*}3-3 


addy =O, 1,end@). . ...«: 2) 


Here k; is a function of the four activity coefficients (see p. 4399). But if the load, (Cim)r, 
is kept constant and very much smaller than [H*]r, both [H*]z and the activity coefficients 
in the resin phase are effectively constant. These conditions were amply satisfied in the 
present work since (Cm) was made constant at 10-3 millimoles/g. of resin which is very 
small compared with the total exchange capacity which was found to be 4-5 milliequivs./g. 
of oven-dried resin. Since, further, the actual hydrogen-ion concentration in the aqueous 
phase was kept constant, as was also the ionic strength (and hence the activity coefficients), 
both &; and J; may be regarded as constant. 
The distribution of indium between resin and solution is given by : 


& = (Cin)r/Cin = A(1 [A7] + g[A]}*)/X . . « « (3) 


using equation (2) and the definitions of 8; and writing J;’ = /)8;//g. Now if v is the initial 
volume of the solution, v8 the volume at equilibrium (where the factor 8 is due to the 
swelling of the dry resin in contact with solution, cf. Fronaeus, Joc. cit.), then 
VC yy’ == vd8Cyn ote m(Cin)+ . ‘ . ° . . (4) 

where m is the mass of the dry resin used. Equation (4) permits the calculation of the load, 
(Ctn)x, from the experimental values of Cm’, Cm, v, m, and 8, and thence the value of ¢. 
Since in all experiments Cin<C,, [A™] is obtained with sufficient accuracy from the 
relationship [A~] ~ C, = C,4’/8. We thus have corresponding values of ¢ and [A~] which 
must satisfy equation (3), and the problem is to determine therefrom the desired unknown 
stability constants 8;. To facilitate these calculations two new parameters are introduced, 


i i 
v1Z., 
¢, = (ly. ¢-' —1)/[A]. 
f= (tb 4(81 — A ) TAP 


Introducing the value of ¢ from equation (3) we obtain : 


=H! + [ATX — 12’) 
1 +/,(A-] + ga“? 

fui Bi(B, — Jy’) + Jo’ — Be + [A7}{X2(8, — 1,') — X53} 

1 + 1,'[A~] + 1,'[A-}? , 


and 


n 


Since X; = }8;{[A-]'~2 is always a monotonic increasing function of [A~]. we can write 


ieee 
¢,° = lim. ¢, = 8, — 4,’ 


[A-}+>0 


84(8, — 4y’) - 
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The necessary graphical extrapolations can be made with ease as illustrated in Fig. 1. 
By combining equations (5), (7), and (6), it can be shown that : 


f= 8d, —Xe+hi(PfAJ +1). . - - - | (il) 
Then if Af = f — f°, and Ag, = ¢, — ¢,°, we have : 
Af/[A7~] = 8,4¢,/[A~] + /,'(6,° + 4¢,) — 83 —[AJ]X,. . . (12) 


In the present experiments it is found that [A~|X,~/,’Ad,. Thus 8, follows from the 
slope of the straight line obtained by plotting A//|A~]| against Ad, /{A7] (cf. Fig 2, curve A). 
However, @, cannot be determined accurately without a knowledge of /,’, a point which has 
been overlooked by Schufle and Eiland (loc. cit.) who do not take into account the 
possibility of InA,* displacing H* from the resin. 


Fic. 2. Evaluation of B,, Bz, and B, for 
Fic. 1. Evaluation of $,° and f° for the indium- the indium—bromide ion system. 
chloride ion system. 
44,/ [or] 
70 39 
| 


it 7) 


T 


L L \ 
o2 os , 90 100 
[cr] “oles/titre 
Upper curve, ¢,; For A, see above; 
Lower curve, f. for B, g = Bod, — X3; see below. 


Knowing $,, both /,’ and (8, — /,’) can now be calculated from equations (9) and (10). 
Combining equation (11) with equation (5) after adding and subtracting $.¢,{/A~] we 
obtain an equivalent expression for f, v7z. : 


f = Byb1 + Bobs[A>] — Xg[A7] — lob *(Be — le’) - + (13) 

Introducing a new parameter, we get : 

& Body al. me X,{A J=f- 8194 + lob” "(Bg ws 1s')}, [AT]. . (14) 
A straight line is obtained from data for each of the three halides when g is plotted against ¢, 
(cf. Fig. 2, curve B) showing that the term X,/A~] of equation (14) is negligible, 7.e., that 
anionic complexes are not present to any significant extent at the halide concentrations 
employed. The slope of this plot gives @, while the intercept gives 8; with reasonable 
accuracy. However, now that 8, is known, the value of /,’ can be calculated from 
equation (10) and introduced into equation (11) and the parameter X, calculated for 
various values of [A~]. From the graph of [A~] against 

B,[A-j? + [A-]§X, 
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points corresponding to the lower values of [A~] give an excellent straight line of slope 63 
while the intercept confirms the value of $, previously adopted. The deviations from 
linearity at high values of [A~] only permit of a crude approximation to the value of (4 
owing to the accumulation of uncertainties in the values of the constants already 
calculated. 

All the above equations have been deduced on the assumption that no polynuclear 
species such as In,**, IngA5*..., In,*®, InjA®*..., In,,A,2"~" are formed, either in the 
resin or in solution. Measurements of the extraction of indium into a ketonic solvent from 
solutions of high bromide-ion concentration (Irving and Rossotti, unpublished work) 
certainly provide support for the existence of such species as In,Br, and In,Br,-._ The 
distribution ratio ¢ was found to vary slightly with the load, (Cm)r, in the present 
experiments, confirming Fronaeus’s observations, but being contrary to those of Schufle 
and Eiland. But a consideration of the full sets of equations shows that if polynuclear 
complexes were formed and were also adsorbed in the resin, the variations expected in ¢ 
would be in the opposite direction to those actually found. If, on the other hand, 
polynuclear complexes are assumed to exist only in the solution, the predicted variations 
in ¢ are certainly in the direction found experimentally; but it is now impossible to 
calculate reasonable values for the equilibrium constants, Ay = [Inj;Aj**~4]/[In3*}‘{A*}) 
(¢=2,3...; 7 =0,1,2...), of the reactions leading to polynuclear complexes. Thus 
an improbably high value of Kg) = 12,000 was calculated where one of less than 10-* 
might have been expected. It seems reasonable then to conclude that the formation of 
polynuclear species is negligible under the present conditions of experiment and to ascribe 
the small variations in ¢ at constant [A~] to minor variations in activity coefficients, 
probably mainly in the resin phase. This emphasises the importance of referring all 
calculations to a constant load (Cin)r. 

EXPERIMENTAL 

Only highly pure analytical reagents were used throughout. A small, accurately known 
weight of ‘‘Speckpure’’ indium metal irradiated in the Harwell pile was dissolved in 
4m-perchloric acid containing a little hydrogen peroxide. After all the peroxide had been 
expelled by heating, a stock solution of ionic strength 0-691mM was made up by means of 
perchloric acid. Tests for traces of Cl- were carried out from time to time and were always 
negative. Stock solutions of hydrochloric and hydrobromic acid were prepared, but hydriodic 
acid was freshly distilled over red phosphorus before use. All solutions were adjusted to 
0-691M. 

The cation-exchange resin Amberlite IRA-120, 30—50 mesh, was transformed into the 
H*-form, dried in an oven at 90°, and stored in a closed bottle to ensure that the water content 
should remain constant. The exchange capacity was found to be 4-5 milliequivs. per g. of oven- 
dried resin. 

A fixed volume, v, of the solution of indium complexes, made up from varying volumes of 
stock radioactive indium and stock halogen acid, was mechanically shaken with a fixed dry 
weight, m, of the resin in a 20 ml. Pyrex test-tube fitted wich a ground-in stopper and immersed 
in a water thermostat at 20-0°. Equilibrium was found to be reached after about 4 hr., but 
shaking was always carried out for 12 hr. An exact volume 10-00 ml. of the aqueous phase was 
transferred to a liquid counter (20th Century Electronic, Type G.M.6), shielded in a lead castle, 
and counted at constant geometry. Corrections were made for background and dead-time, but 
none was found necessary for differences in absorption of radiation due to the slightly varied 
nuclear species in the solution. The number of counts was always high enough to get 
4% standard deviation or better. In view of the comparatively short half-life of 4In (49 days) 
a calibration curve of (corrected) counts per minute against indium concentration was made up 
freshly every second day from a set of standard reference solutions of known indium 
concentration: it was always found to be a straight line. Owing to the high acidity of 
the solutions no adsorption of activity on the walls of the liquid-counter or of the stoppered 
test-tubes was ever detected. 

The swelling factor § was determined by shaking v ml. of standard halogen acid with 
m grams of resin and determining the change in hydrogen-ion concentration after equilibration. 
The value was always found to be 0-97. Since v = 15 ml. and m = 0-5 g. throughout the 
experiments, the ratio v/m = 30-00 ml./g. was constant, so the load could readily be calculated 
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from equation (4) in the form (Cy,)p = 30(C;,’ — 0-97C;,). As mentioned above, ¢ increases 
slightly as (Cy,)p, decreases. The distribution was therefore calculated for the constant value 
(Cj,)n = 1:00 x 10° mole/g. from three different determinations of ¢ at constant halide ion 
concentration but varying (Cy,)n. The graphical interpolations or extrapolations are quite 
reliable, as the three experimental points are almost collinear. 

Special precautions had to be taken when investigating the indium—iodide ion equilibria, 
since the iodide ions are rapidly oxidised to iodine in acid solution, this reaction being accelerated 
by light and by radioactive radiation, although the latter is unlikely to be significant at the 
level of activity employed here. It was found possible to reduce such oxidation to almost 
negligible proportions by using freshly redistilled hydriodic acid quickly diluted for use with 
boiled-out distilled water and kept below an atmosphere of nitrogen. The same inert atmosphere 
was also maintained in the test-tubes during equilibration which was carried out entirely in 
darkness. Even so it was impossible to avoid a slight oxidation, the extent of which was 
determined and allowed for in the calculations by measuring the iodine concentration 
immediately before counting by an absorptiometric method which was occasionally checked 


volumetrically. 


DISCUSSION 


The experimental results, and the functions used in evaluating stability and other 


constants are given in Tables 2 and 3. 
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3-116 
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TABLE 3. 


(Cin)R 1:00 x 10-* mole/g. of resin. 
10°7A 10°¢ ¢ 10°2f A¢,/[A7] 10-2Af/[A 10-2g Xs 
(moles/1.) lg.) (moles/1.)-! (moles/l.)-? (moles/1.)~? (moles/l.)~* = (moles/1.)~?_— (moles/1.)~* 
Chloride system ¢ 
(448-0) -- - —- — 
486-1 1854 4015 9,694 4446 
527-0 1467 3331 10,615 4286 
594-7 - 1385 3092 11,870 4595 
652- 1290 2868 12,970 4843 
685- 1124 2506 13,610 4923 
771: 1024 2269 15,170 5430 
398-6 851-7 962-1 2127 16,820 5923 
420-1 898-5 860-3 1900 17,730 6275 
476-1 1021- 783-0 1726 20,100 7203 
507°3 1089-! 682-1 1502 21,420 7951 
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TABLE 4. 


Bs Bs Ky 
Chloride 227 + 4250 +. 800 8950 + 3000 337 
Oe ae 3+: 1250 +- 300 1900 +- 700 103 
ND id dnctncn<asahs + § 360 + 175 300 + 150 44 


placed on the various graphical procedures. Table 4 summarises values derived in the 
pre sent work for overall stability constants, $j, as well as for the step-constants Aj = 
0; Bj 1° 

From the summary, provided by Table 1, it will be obvious that values reported by 
Schufle e¢ al. disagree with those of other workers. So far as their ion-exchange measure- 
ments are concerned this may partly be due to their use of over-simplified equations and 
to uncertainties in extrapolations to zero halide-ion concentrations. A more evident 
weakness is their use of too high a pH which will favour the hydrolysis of the aquated 
indium ion (Ky =~ 1-4 x 10), an effect which will become serious at low halide-ion 
concentrations. The possibility of competitive hydroxyl-ion complexing leading to the 
formation of mixed complexes, e.g., In(OH)A* as well as InA,*, cannot be overlooked 
and will be especially significant in computing ®>. From the stability constants 
Sn(OH)A]//SnOH*}[A-], [SnOH*][H*]/[Sn**], and [SnA,]/[Sn**][A~]?, where A = Cl 
or Br-, given by V anderzee and Rhodes V. Amer. Chem. Soc., 1952, 74, 3552, =. we can 
calculate [Sn(OH)A] SnA,] = 4 x 10°3/[H*][A-]. In these systems with [A~}] = 0-1m 
or less, the co-ordination of OH- to the 1:1 complex SnA* will predominate over that 
of A~ unless the pH is below 1-4; with [A] at 0-01m the pH must lie below 0-4. While 
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comparable figures are not available for indium, the possibility that In(OH)A* is of greater 
significance than InA,* in interpreting data on the hydrolysis of indium halides has already 
been advanced by Hepler and Hugus (loc. cit.). 

Changes in ionic strength will naturally affect the values measured for stability 
constants. For the system Cd**—Cl- which has been most carefully studied (Vanderzee, 
tbid., 1953, 75, 5659) minimum values occur round about p = 1 with a slight rise in 
stability in higher salt concentrations and a very steep rise in stability as zero ionic 


TABLE 5 
Fluorides Chlorides Bromides Iodides 
Metal K, K,/K, K K,/K, j K,/K, RK, K,/K, 
Zn** - — ‘6 “6 22 _—- <0-05¢ —- 


Cu’ - . 32° . 6 — — 


Sn 
uO, 
Al?t 


Fe? + 


14-8 &% 120 29 & 


K,K,<108"* — a5 Xx , 3 1-1 x 10° oe 73 x 10% 817 


— . 4-8 x 10° 1-6 x 10° 26x 107* 9-1 x 10" 6-7 x 10° 
0-48 — ‘1 x 10 11 # 2-4 x 104 26 i K,K, = 10148 - 


* Sillén and Liljeqvist, Svensk Kem. Tidskr., 1944, 56, 85; 25° and p 3-0. ° Bjerrum, Kgl. 
Danske Videnskab. Selsk., Mat.-fys. Medd., 1946, 22, No. 18; 23° and various ionic strengths. 
¢ Nasanen and Lumme, Acta Chem. Scand., 1951, 5, 13; 25°, » = 1. 4 McConnell and Davidson, 
J. Amer. Chem. Soc., 1950, 72, 3164; 25-2° andy = 1. *¢* Nasanen, Acta Chem. Scand., 1950, 4, 140; 
25°, 4 = 0. JF Idem, ibid., p. 816; 25°, 4 = 0. 9% Vanderzee and Rhodes, J. Amer. Chem. Soc., 1952, 
74, 3552; 25° and p = 3:0. * Vanderzee, ibid., p. 4806; 25° and » = 3-0. ‘ Ahrland and Larsson, 
Acta Chem. Scand., 1954, 8, 354; 20° and w» = 1-0. 4 Ahrland, ibid., 1951, 5, 1271; 20° and p = 1. 
* Brosset and Orring, Svensk Kem. Tidskr., 1943, 55, 101; 0-53mM-KNO,. ! Brosset and Gustaver, 
ibid., 1942, 54, 185; 0-53M-KNO,. ™ Dodgen and Rollefson, J. Amer. Chem. Soc., 1949, 71, 2600; 
25° and » = 0-5. ™ Rabinowitch and Stockmayer, ibid., 1942, 64, 335; 26-7° and w= 1. ? Idem, 
loc. cit.; 25° and p=0. ¢ Olerup, Svensk Kem. Tidskr., 1943, 55, 324; 20° and » = 2. * Wilson 
and Taube, /. Amer. Chem. Soc., 1952, 74, 3509; 25° and p= 0-5. * Sundén, occ. cit. ' Present 
authors. “ Schufle etal., locc. cit. * Mayer and Schwartz, J. Amer. Chem. Soc., 1951,'78, 222; fluoride 
at » = 0-5; chloride in 0-6M-hydrochloric acid; bromide in 0-5—1-7mM-sodium bromide; iodide in 
0:5M-sodium iodide. “ Benoit, Bull. Soc. chim., 1949, 518; 18° and » = 0-1. * Zebrowski, Alter, 
and Heumann, J. Amer. Chem. Soc., 1951, 78, 5646; » = 0-5. ¥% Connick and McVey, ibid., 1949, 
71, 3182; p 2. * Ahrland and Larsson, Acta Chem. Scand., 1954, 8, 137.  Leden, Thesis, 
Lund 1943, p. 48; 25° andy = 1. ” Leden, Z. physikal. Chem., 1941, 188, A, 160; 25° and p = 3. 
ee Vanderzee and Dawson, J. Amer. Chem. Soc., 1953, 75, 5659; 25° and » = 1. This paper gives data 
for 0° and 45° also at five ionic strengths up to 3m. “ Lindgren, Jonsson, and Sillén, Acta Chem. Scand., 
1947,1,479; 25°andp = 0-5.  Bethge, Jonewall-Westé6é, and Sillén, ibid., 1948, 2, 828; 25° and» = 
0-5. 4% Qvarfort and Sillén, ibid., 1949, 3, 505; 25° and » = 0-5. Latimer, “ The Oxidation States 
of the Elements and their Potentials in Aqueous Solution,’ 2nd Ed., N.Y., 1952, p. 186. ™ Leden and 
Marslin, Acta Chem. Scand., 1952, 6, 1125; 25° andy =1. * Berne and Leden, Svensk Kem. Tidskr., 
1953, 65, 88; 25° and » = 0; valuesatu = 0-2and 5marealsogiven. 4% Berne and Leden, Z. Natur- 
forsch., 1953, 8a, 719; same conditions. “ Bjerrum, Chem. Reviews, 1950, 46, 381. “ Rough 
estimation from data of Bédlander and Eberlein, Z. anorg. Chem., 1904, 89, 197; Erber, 2bid., 1941, 
248, 36; cf. Makor, Rec. Trav. chim., 1951, '70, 457. Further data for fluoride complexes are collected 
by McKay, A.E.R.E. Report C/R 884. * refers to values calculated from data in the literature 
quoted by using [HF]/{H*][F-] = 10°. Variation in ionic strength can make appreciable differences 
in the values of K, and K, (cf. refs. cc and ii). Although too much emphasis must not be placed on 
the absolute values of stability constants when comparing one element with another, especially when 
the ionic strength is appreciably different, the trend of values discussed in the text is not in doubt. 
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strength is approached. The uniformly much lower stability constants reported by Schufle 
et al. for all halide systems can therefore scarcely be due to differences in icnic strength, 
and they persist in the fluoride system (Table 1) where measurements at the same ionic 
strength (u = 1) can be compared. 

Divergencies between the present results and: those of Sundén are not readily explicable 
but are not large considering the differences in salt background. Although Sundén 
employed less acid solutions than here, he showed experimentally that hydrolysis of the 
indium ions could be neglected under his conditions. His values for the fluoride system 
agree excellently with those calculated from potentiometric data of Hepler, Kury, and 
Hugus (J. Phys. Chem., 1954, 58, 26), derived from changes in the redox potential Fe?* /Fe*' 
in the presence of fluoride and indium ions. On the other hand we are inclined to discount 
Sundén’s values for the iodide system (or at least his value for 8,) and several of Schufle’s 
values on the following grounds. 

Stability constants quoted in the accompanying Table 5 show that halides fall into 
two distinct groups. (i) Cuprous copper, silver, cadmium, and mercury (and probably 
thallic ions) form fluoride complexes of very low stability, those with the other halogens 
increasing in the order F < Cl << Br <I. Invariably K, > Kg, and the actual magnitude 
of the stability constants is often very high indeed, approaching values found for ammines 


3 


Fic. 3. Formation curves for indium 
halide complexes. 


A, Chloride; B, bromide; C, iodide 


1 
/ 2 


pA = ~dog,, [A] 


and chelates of the transition metals (cf. Irving and Williams, /., 1953, 3192). It is note- 
worthy that the ratio K,/K, increases in the order Cl < Br <I, 1.¢., in the order of 
increasing stability of the complexes. (ii) All other metal halides so far examined show 
stabilities which decrease in the order F > Cl > Br >I. Where they have been studied 
the stabilities of the fluoride complexes are very high compared with those of the other 
halides. Here again invariably K, > Ke, but the ratio K,/K, decreases in the order 
Cl > Br > I, 2.e., it again follows the order of stability of the halides. 

Indium is exceptional in that it is the only element apart from cadmium for which it 
has proved possible to study all the halides and to obtain values for the stability of more 
than one step-complex in each system. It clearly takes its place among the halides of 
type (ii), though there is evidence of transitional character. Thus in the vertical series 
Zn, Cd, Hg there is not only a change from type (ii) to type (i), but there is a striking 
increase in the magnitude of the stability constants, with Cd holding an intermediate 
position. For reasons connected with the redox potential of the T1®*/Tl* couple it is 
impossible to study the complexity of thallic iodide, but Benoit’s figures for thallic chloride 
and bromide complexes show that the complexity is outstandingly high and increases 
Cl << Br. If, as seems probable, thallium is to be classified among type (i) halides, the 
stability of its fluoride will be low. By extrapolation of the empirical relation log K = 
2-24 — 13 log (ionic radius), which we find holds quite well for aluminium, iron, gallium, 
and indium, a value of K, ~ 200 would be predicted. 

One fact is established by Table 5. In every case K, > Ky. Support for this comes 
from measurements of acetate, thiocyanate, and sulphate complexes made by Sillén, 
Fronaeus, Ahrland, and others. It holds for all types of ligands and cations save where 
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orbital stabilisation can take place. The one exception now known is in the dipyridyl and 
1 : 10-phenanthroline complexes of ferrous iron (Irving and Williams, Joc. cit.). It there- 
fore appears that Sundén’s figures for the indium iodide complexes, for which he reports 
K, = 10, but K, = 18, must be in error. Further, whereas the ‘‘ normal’’ trend for 
the ratio K,/Kg to decrease in the order Cl > Br > I appears in the present measurements 
(12, 8-6, and 5-4 respectively), Sundén’s ratio for the bromide system (25) is greater than 
his value for the chloride system (5) and it seems probable that his value of 8, for the 
bromide system is too low. 

For all halides of type (ii), as well as for acetate, thiocyanate, and sulphate complexes, 
K,/K, = >1. By this test Schufle’s 8, for the chloride system appears to be improbably 
high while the values for the fluoride and bromide systems may also be overestimated. 

With the concentrations in the resin phase expressed in the customary manner (mole 
fractions) and denoting activity coefficients in solution by y, the exchange constants of 
equation (2) are related to thermodynamic values by the expression : 


kj? = L(ya+ . [H*))*-9/{ymay— . [H*]n}; 7 = 0, 1, and 2 


provided the condition (Cin); <(H*)g is valid, for then the activity coefficients in the 
resin phase may be regarded as almost constant and equal to unity. The activity 
coefficients in solution may be computed from Harned and Owen’s tables (‘‘ The Physical 
Chemistry of Electrolytic Solutions,” Reinhold Publ. Co., New York, 1950) and hence 
values of kj? determined. These are expressed in Table 6 in relation to a resin in the 


TABLE 6. 

10°, 10°, 10°(Cy)r 

Author System ./g. i ./g. kot (moles/g.) 
Fronaeus Ce3*—Ac— , 70 30 

Schufle ef al. .... In**—Cl- 2- 13 ~l 

—Br » 9.§ et, 

29 -I- . ‘ abd 

Carleson In3+—Cl- 3°6 . 28 
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Values of J, and ky? refer to pure perchlorate solutions. Those for the other constants are limiting 
values which refer to perchlorate solutions in which the concentration of other anions approaches zero. 


sodium ion form, the transformation being carried out by means of the known exchange 
constant, kj? = 1-24, for the reaction Na* + (H*)p = (Na‘*)r + H*. Constants 
calculated in the same way from measurements by Fronaeus, and by Schufle and Eiland 
(locc. cit.) are included for comparison. It appears that In** is less strongly adsorbed than 
Ce*, The trends in the adsorbabilities of the complex ions are what would be expected 
from their size and charges, though the low value for InCl,* is surprising and seems to 
indicate that the ionic radius of hydrated InCl,* is larger than that of hydrated H*. 

The general similarity between the three complex indium halide systems is displayed in 
Fig. 3 where the degree of formation (ligand number) defined by 7 = (C4 — [A~])/Cm and 
calculated from the stability constants given in Table 4 is plotted against 'the free ligand 


exponent, pA = —log,, [A7]. 


Grateful acknowledgment is made to the Director, A.E.R.E., Harwell, for the loan of 
apparatus, to the British Council and the Swedish Atomic Energy Commission for financial 
assistance to one of us (G. C.), and to Mr. F. Rossotti for his valuable assistance and discussion. 


THE INORGANIC CHEMISTRY LABORATORY, 
SouTH PARKS RoapD, OXFORD. (Received, June 28th, 1954.) 


[Present address (G. C.): THE GusTaF WERNER INSTITUTE OF NUCLEAR CHEMISTRY, 
UPPSALA, SWEDEN. | 


4400 Hickinbottom, Hogg, Peters, and Wood : 


Reactions of Unsaturated Compounds. Part XI.* The Oxidation 
of 2: 3-Dimethylbut-2-ene by Chromic Acid. 
By W. J. Hickrnsotrom, D. R. Hocec, D. Peters, and D. G. M. Woop. 
[Reprint Order No. 5516.] 


2 : 3-Epoxy-2 : 3-dimethylbutane has been isolated after oxidation of 
dimethylbut-2-ene by chromic oxide in acetic anhydride. Indirect proof of 
its formation has been obtained by the formation of glycol esters when suitable 
carboxylic acids are added to the oxidation product. 

2 : 3-Dimethylbut-2-ene and chromic acid in aqueous 50% sulphuric acid 
give notable amounts of 3: 3-dimethylbutan-2-one. 2: 3-Dimethylbutane- 
2 : 3-diol is rapidly oxidised to acetone under these conditions. 


It has been shown (J., 1948, 1334; 1951, 1600; 1953, 1906) that «- and $-dizsobutylene, 
camphene, and 2: 2: 7: 7-tetramethyloct-4-ene yield epoxides when oxidised by chromic 
oxide in acetic anhydride. Attempts to isolate the oxide from 2 : 3-dimethylbut-2-ene 
by the method then used were not successful, probably owing to the greater sensitivity 
of this oxide to the aqueous acetic acid used during working up. Indirect evidence of 
the formation of the epoxide was sought by adding acetic or formic acid to the product. 
Formic acid gave the monoformate of 2 : 3-dimethylbutane-2 : 3-diol with formic esters 
of glycol ether (I) and some 3 : 3-dimethylbutan-2-one. The products are qualitatively 
the same as those obtained by the action of formic acid on 2: 3-epoxy-2 : 3-dimethyl- 
butane and do not arise from the action of formic acid on the glycol. On oxidation of 
2 : 3-dimethylbut-2-ene in a mixture of acetic anhydride and acetic acid the monoacetate 
of the glycol is the main product. If the oxidation mixture in acetic anhydride is diluted 
largely with water on completion of the reaction, 2 : 3-dimethylbutane-2 : 3-diol is obtained. 
These observations provide strong evidence for the existence of 2 : 3-epoxy-2 : 3-dimethyl- 
butane in the oxidation mixture. Direct proof was obtained by distilling the volatile 


products of the oxidation in acetic anhydride at 20° under reduced pressure into cold 
traps: nearly pure 2: 3-epoxy-2 : 3-dimethylbutane was isolated and it was recognised 


(I) (HO-CMe,*CMe,),0 CMe,*CH,*CMe(CO,H)-CMe, (II) 


unambiguously by reduction to 2 : 3-dimethylbutan-2-ol, by hydration to 2 : 3-dimethyl- 
butane-2 : 3-diol hydrate, and by isomerisation to 3 : 3-dimethylbutan-2-one. 

The other product of the oxidation of 2: 3-dimethylbut-2-ene under anhydrous 
conditions is 2 : 3-dimethylbut-2-enal derived from the olefin by attack of the oxidising 
agent at the «-methylenic position. 

Oxidation of 2 : 3-dimethylbut-2-ene in aqueous sulphuric acid by chromic acid has 
also been examined. With low concentrations of sulphuric acid, oxidative fission to 
acetone is the main reaction; in aqueous sulphuric acid of strengths greater than 50% 
the product contains a considerable proportion of 3 : 3-dimethylbutan-2-one resulting 
from rearrangément. Butlerow (J. Russ. Phys. Chem. Soc., 1879, 11, 219) had reported 
the formation of ««-dimethylpropionic acid from 2 : 3-dimethylbut-2-ene by chromic acid 
in aqueous sulphuric acid of over 40% concentration, though below this concentration 
acetone was the main product. The differences between our results and those of Butlerow 
are indeed of little significance and due probably to differences in time of contact of the 
olefin with the oxidising solution and the ratio of olefin to chromic acid. Both sets of 
observations agree in the occurrence of rearrangement during the oxidation. Rearrange- 
ment during oxidation by chromic acid in aqueous sulphuric acid has been observed also 
with 2: 4: 4-trimethylpent-2-ene which gives some a«$$-tetramethylbutyric acid (Byers 
and Hickinbottom, J., 1948, 1334). Technical trizsobutylene gives among other oxidation 
products «-tert.-butyl-xyy-trimethylvaleric acid (II) (Conant and Wheland, J. Amer. Chem. 
Soc., 1933, 55, 2499; Whitmore and Wilson, zbid., 1934, 56, 1128), which can be formed 
only by an alteration of the carbon skeleton of any of the trizsobutylenes. Rearrange- 

* Part X, J., 1953, 1906 
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ment has also been observed during oxidation of 1 : 1 : 2-triphenylprop-l-ene by chromic 
acid in acetic acid (Schlenk and Bergmann, Amnalen, 1930, 479, 51). 9-Diphenylmethyl- 
enefluorene (Klinger and Lonnes, Ber., 1876, 29, 2152) and 2-methyl-1 : 1 : 3 : 3-diphenyl- 
propene (Koelsch and White, J. Amer. Chem. Soc., 1943, 65, 1639) probably also behave 
similarly. 

Such rearrangements on oxidation of an olefin can be explained simply by the initial 
formation of a glycol or epoxide or of some polar product easily convertible into glycol, 
epoxide, or rearrangement product (cf. Hickinbottom and Hogg, J., 1954, 4200). From 
the present and previous work it would be not unreasonable to assume that formation of 
an epoxide from an olefin by oxidation under anhydrous conditions is a general reaction. 
The application of such a hypothesis to oxidation by chromic acid in aqueous sulphuric 
acid has obvious difficulties and the experimental examination must rely on indirect methods. 
It is possible, however, to reach a conclusion on the view that the glycol is responsible for 
rearrangement during the oxidation, by measuring the relative rates of rearrangement and 
oxidation. It is evident even from purely qualitative measurements that 2 : 3-dimethyl- 
butane-2 : 3-diol could not be such an intermediate: the glycol is oxidised rapidly to 
acetone by aqueous sulphuric acid solutions of chromic acid of concentrations which easily 
yield 3 : 3-dimethylbutan-2-one from the olefin. 


EXPERIMENTAL 


Oxidation of 2: 3-Dimethylbut-2-ene by Chromic Acid in Aqueous Sulphuric Acid.—The 
general procedure was to add a solution of chromic oxide (15 g.) in aqueous sulphuric acid 
(150 ml.) of the appropriate strength to 2 : 3-dimethylbut-2-ene (10 g.; b. p. 72-8°, n?? 1-4122) 
suspended in aqueous sulphuric acid (50 ml.) of the same strength, stirred vigorously. When 
reaction was complete, the mixture was almost neutralised with 10% aqueous sodium hydroxide 
and extracted with ether to remove 3: 3-dimethylbutan-2-one and any a«-dimethylpropionic 
acid. The ketone was weighed as semicarbazone after crystallisation; the amount of the 
acid extracted from the ether was negligible. The aqueous solution remaining after ether- 
extraction was distilled and the acetone in the distillate determined by Messinger’s method. 

The speed of oxidation, as measured by discharge of the red colour of the solution, was 
markedly slower with more dilute acid. The concentration of acid is given by the weight of 
sulphuric acid in 100 g. of solution. 

(a) Use of 20% sulphuric acid gave an inappreciable amount of ketone. The yield of 
acetone was 4:5 g. 

(b) Use of 55% sulphuric acid gave acetone (0-7 g.) and 3: 3-dimethylbutan-2-one semi- 
carbazone (2-7 g.), m. p. and mixed m. p. 155° (corresponding to 1-47 g. of ketone). 

(c) The olefin (10 g.) was oxidised by chromic oxide (7 g.) in 75% sulphuric acid (400 ml.). 
The yield of acetone was 0-4 g. and of 3: 3-dimethylbutan-2-one 1-35 g. (calc. from semi- 
carbazone). 

Oxidation of 2: 3-Dimethylbut-2-ene by Chromic Oxide in Acetic Anhydride. Isolation of 
2: 3-Epoxy-2 : 3-dimethylbutane.—A_ stirred solution of 2: 3-dimethylbut-2-ene (80 g.) in 
acetic anhydride (100 ml.) was cooled in ice-salt and oxidised by chromic oxide (50 g.) in acetic 
anhydride (300 ml.), then allowed to warm to room temperature and distilled at 16 mm. into 
receivers cooled in acetone and solid carbon dioxide. The removal of volatile products was 
completed by warming gently to about 25° until acetic anhydride began to distil. The 
distillate was freed as far as possible from acetic anhydride by a preliminary distillation at 
16 mm. at room temperature. Rapid fractionation of the distillate from a bath at 110° gave, 
in addition to unchanged olefin, a fraction (5-3 g.), b. p. 92—93-5°, n?? 1-4020—1-3969. 
Further distillation gave approximately pure 2: 3-epoxy-2 : 3-dimethylbutane, b. p. 93°, 7? 
1-3980 (lit., b. p. 99—93°, n? 1-3981—1-3995) (Found: C, 71-0; H, 11-85. Calc. for C,H,,0: 
C, 71-9; H, 12-1%). This and the neighbouring fractions gave 2 : 3-dimethylbutane-2 : 3-diol 
hydrate on treatment with 20% aqueous hydrochloric acid. The oxide gave no precipitate 
with a cold solution of 2: 4-dinitrophenylhydrazine in 2% aqueous hydrochloric acid, 
but reacted immediately with 2: 4-dinitrophenylhydrazine in warm 25% sulphuric acid to 
give 3: 3-dimethylbutan-2-one dinitrophenylhydrazone, m. p. and mixed m. p. 126°. On 
reduction with lithium.aluminium hydride in ether, 2: 3-dimethylbutan-2-ol was formed 
(3 : 5-dinitrobenzoate, m. p. and mixed m. p. 110—111°). 

The glycol hydrate obtained in these hydrations and in other ways in this work was 
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identified by comparison with an authentic specimen and by sublimation at 80° to give the 
anhydrous diol (mixed m. p.). It gave the 3: 5-dinitrobenzoate, m. p. and mixed m. p. 126°, 
of 2: 3-dimethylbut-3-en-2-ol on treatment with 3 : 5-dinitrobenzoyl chloride in hot pyridine— 
benzene. For comparison 2: 3-dimethylbut-3-en-2-ol was prepared from methyl methyl- 
acrylate and methylmagnesium iodide. The alcohol, b. p. 117—119°, nP 1-4030—1-4040, 
was characterised as its 3: 5-dinitrobenzoate, m. p. 126° (Found: C, 52-9; H, 4:6; N, 9-7. 
C13H,O,N, requires C, 53-1; H, 4:8; N, 9-5%). Hydrogenation (platinic oxide—ethy] 
alcohol) gave 2 : 3-dimethylbutan-2-ol (3 : 5-dinitrobenzoate, m. p. and mixed m. p. 110—111°). 

Oxidation of 2: 3-Dimethylbut-2-ene by Chromic Oxide in Acetic Acid. Formation of 3- 
A cetoxy-2 : 3-dimethylbutan-2-ol.—A solution of chromic oxide (40 g.) in acetic anhydride 
200 ml.) and acetic acid (650 g.) was added slowly to 2: 3-dimethylbut-2-ene (96-7 g.; 2 
1-4120—1-4121) in acetic acid (100 ml.), at <10°. Stirring was continued for a further 12 hr., 
then the mixture was distilled at 25° (bath)/16—18 mm. into cold traps. The distillate 
consisted essentially of unchanged olefin and acetic acid, and the low-boiling products of the 
oxidation. The residue was diluted with water, neutralised with sodium carbonate, and 
extracted with ether. The following fractions were obtained on distillation of the washed 
and dried ether extract: (a) b. p. 28—36-5°/1-4 mm., nf? 1-4310 (2-5 g.); (b) b. p. 36— 
36-5°/1-25 mm., n% 1-4323 (3-2 g.); (c) b. p. 35—36°/1 mm., nP 1-4328 (2-6 g.); (d) b. p. 
34—36°/0-8 mm., n? 1-4333 (2-3 g.); (e) 32—34°/0-65 mm., nj 1-4336 (3-5 g.); and (f) 
residue (1-0 g.). Fractions (b-—e) on further distillation gave pure 3-acetoxy-2 : 3-dimethyl- 
butan-2-ol, b. p. 40°/1 mm., n®? 1-4333 (Found: C, 60-0; H, 10-1; Ac, 25-5, 25-0. Calc. for 
C,H,,0,: C, 60-0; H, 10-1; Ac, 26-8%), which on alkaline hydrolysis yielded the glycol 
hexahydrate, m. p. and mixed m. p. 45—46°, and acetic acid (p-bromophenacy] ester, m. p. 
and mixed m. p. 84—85°). 

Oxidation of 2 : 3-Dimethylbut-2-ene in Acetic Anhydride with Subsequent Addition of Formic 
Acid. Formation of 3-Formyloxy-2 : 3-dimethylbutan-2-ol.—2 : 3-Dimethylbut-2-ene (97 g.) in 
acetic anhydride (100 g.) was oxidised by chromic oxide (60 g.) in acetic anhydride (500 ml.). 
After 5 hr., when oxidation was substantially complete, anhydrous formic acid (500 g.) was 
added and the mixture kept for 3 days at room temperature. It was then diluted with water, 
neutralised with sodium carbonate, and extracted with ether. The total product, freed from 
solvent and unattacked olefin, amounted to 28-3 g. and was fractionated under reduced 
pressure. (a) Fractions boiling below 75°/11 mm. and the contents of the cold traps amounted 
to 12:1 g. The carbonyl material consisted mainly of 2: 3-dimethylbut-2-enal (2 : 4-dinitro- 
phenylhydrazone, m. p. and mixed m. p. 196°) with some 3: 3-dimethylbutan-2-one (2: 4- 
dinitrophenylhydrazone, m. p. and mixed m. p. 125°). The non-carbonyl product boiled at 
54—59°/15 mm. (ni? 1-4210—1-4220) and was essentially 2: 3-dimethylbut-3-en-2-ol (3: 5- 
dinitrobenzoate, m. p. and mixed m. p. 126—127°). (b) The fractions of b. p. 75—77°/11— 
13 mm., »?° 1-4400—1-4412 (8 g.), were fractionated, to give 3-formyloxy-2 : 3-dimethyl- 
butan-2-ol, b. p. 84—85°/18 mm., n» 1-4409—1-4411 (Found: C, 57-2, 57:3; H, 9-3, 10-0; 
active H, 0-68, 0-65; H°CO, 18-7; 19-2. Calc. for C,H,,0,: C, 5; H, 9-7; active H, 
0-68; HCO, 19-8%), hydrolysed by 10% aqueous potassium hydroxide to 2 : 3-dimethylbutane- 
2: 3-diol hydrate and formic acid («-naphthalide, m. p. and mixed m. p. 136—137°). (c) 
Fractions of b. p. 93—144°/11 mm. (3-9 g.) contained only unidentified products. 

Oxidation of 2: 3-Dimethylbut-2-ene by Chromic Oxide in Acetic Anhydride and Hydrolysis 
of the Mixture by Water.—A stirred solution of the olefin (97 g.) in acetic anhydride (180 ml.) 
was cooled (ice-salt) and oxidised by chromic oxide (40 g.) in acetic anhydride (270 mg.) 
during 3 hr. Next morning the excess of anhydride was hydrolysed by ice-water, and the 
whole extracted with ether (A). The aqueous layer was distilled to half its bulk, the 
distillate containing acetone (2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 125°; 6 g. 
as determined by Messinger’s method). The ethereal solution (A), freed from acetic acid and 
distilled to remove solvent and unchanged olefin, gave fractions: (a) b. p. 72—90°/75 mm., 
ni) 1-4275 (3 g.); (6) b. p. 90—101°/75 mm., un? 1-4310 (1-6 g.); (c) b. p. 101—108°/75 mm., 
n® 1-4321 (5-8 g.); (d) b. p. 80—90°/23 mm., n? 1-4357 (1-0 g.); (e) b. p. 90—110°/23 mm., 
ni? 1-4377 (1-0 g.); and a residue (0-3 g.). Fractions (a—c) were unsaturated and restored 
the colour of Schiff’s reagent. From them 2: 3-dimethylbut-2-enal semicarbazone, m. p. and 
mixed m. p. 232—233°, and the 2: 4-dinitrophenylhydrazone, m. p. mixed m. p. 195—196°, 
were obtained. The remainder of these fractions was combined with (d) and (e) and freed 
from carbonyl material by Girard T reagent in hot alcohol containing acetic acid. The non- 
carbonyl product thus obtained boiled at 70—86°/25 mm. (n%? 1-4177—1-4344) and from the 
fractions of higher b. p. 2: 3-dimethylbutane-2 : 3-diol hexahydrate was obtained by crystal- 
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lisation from water. The lower-boiling fractions gave further amounts of the glycol on 
addition of light petroleum. 

2 : 3-Dimethylbut-2-en-1-al.—(a) Selenium dioxide (27 g.) was added to a stirred solution 
of 2: 3-dimethylbut-2-ene (58 g.) in acetic anhydride (350 ml.) at 60° during 6 hr.. Next 
morning the selenium was filtered off, the filtrate hydrolysed by water, and the volatile 
material distilled in steam. The product (39-9 g.) boiled over the range 44—150°/30 mm. It 
readily yielded 2: 3-dimethylbut-2-en-l-al semicarbazone, m. p. 234° (Found: C, 53-9; H, 
8:2; N, 27-0. Calc. for C;H,,ON,: C, 54-2; H, 8-4; N, 27-1%) {2: 4-dinitrophenylhydrazone, 
red needles (from aqueous acetic acid), m. p. 198° [Found: C, 51-7; H, 5-1; N, 198%; M 
(Rast), 243. C,,H,,0O,N, requires C, 51-8; H, 5-1; N, 20-15%; M, 278}}. The non-carbonyl 
product consisted largely of an unsaturated ester, b. p. 73—82°/26 mm. (15 g.), still containing 
selenium. Hydrolysis gave 2 : 3-dimethylbut-2-en-1-ol (9 g.), b. p. 62—68°/25 mm., nP 1-4600, 
containing selenium; it was identified by ozonolysis to acetone and hydrogenation (PtO,) 
with difficulty to 2: 3-dimethylbutan-1l-ol (3 : 5-dinitrobenzoate, m. p. 52°). 2: 3-Dimethyl- 
but-2-en-l-ol was characterised as its 3: 5-dinitrobenzoate, m. p. 107—108° (Found: C, 53-2; 
H, 4:6; C,,;H,,O,N, requires C, 53-1; H, 48%). (6) 2: 3-Dimethylbut-2-en-l-ol (3-35 g.) 
in light petroleum (30 ml.) was added to /evt.-butyl chromate [from chromic oxide (6-7 g.), 
tert.-butyl alcohol (14 g.), and light petroleum (b. p. 40—60°; 35 ml.)] and the mixture kept 
at room temperature for 24 hr., then shaken with water (50 ml.) with the addition of finely 
powered oxalic acid till the evolution of carbon dioxide ceased. The organic layer was 
separated, and washed with 10% sulphuric acid (3 x 100 g.) containing acetic acid (10 g.) and 
then with aqueous sodium carbonate till neutral. Distillation of the dry (Na,SO,) solution gave 
2 : 3-dimethylbut-2-en-1-al (1 g.), b. p. 120—124°/128 mm., n7 1-4165, yielding a semicarbazone, 
m. p. 234°, and a 2: 4-dinitrophenylhydrazone, m. p. 198° not depressed on admixture with 
the derivatives from the selenium oxidation. 
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The Nature of the Co-ordinate Link. Part IX.* The Dissociation Con- 
stants of the Acids p-R,M-C,H,CO,H (M = C, Si, Ge, and Sn and 
R = Me and Et) and the Relative Strengths of d,—p,-Bonding in the 
M-C,, Bond. 


By J. Cuatr and A. A. WILLIAMS. 
[Reprint Order No. 5540.] 


The strengths of the above acids have been determined (Table 1) to esti- 
mate the relative amounts of double bonding in the M-C,, bond, and hence 
obtain some indication of how d,—p,, bonding depends on the atom M. This is 
important in complex chemistry because the transition metals can form d,—p, 
bonds with donor atoms from the first transition series, as occurs in complex 
cyanides, carbonyls, zsonitrile complexes, nitro-complexes, etc. Our measure- 
ments indicate that, in the above acids, d,—p, bonding occurs when M = Si, Ge, 
and Sn. Also, other things being equal, the amounts of d,—p, bonding appear 
to be roughly independent of the principal quantum number or size of the 
atom M. 


In previous parts of this series we developed the idea that the co-ordinate bonds between 

acceptor metal atoms with filled d-orbitals and donor atoms with vacant or potentially 

vacant d- or p-orbitals have partial double-bond character. The x-type component of the 

bond is formed by overlap of a filled d-orbital of the metal with a vacant d- or f-orbital of 

the donor atom. It is a donor x-type bond for which electrons are provided by the metal, 

and may be called a dative x-bond. In Parts V and VI (Chatt and Wilkins, J., 1952, 273, 
* Part VIII, J., 1953, 2363 
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4300) we attempted to estimate the relative amounts of d,—d, bonding in the P—Pt, As—Pt, 
and Sb-Pt bonds by examining the equilibria between cis- and trans-(Et,Q),PtCl, where 
Q = P, As, and Sb. Our measurements indicated that the strength of the Q—Pt bond is 
more than 5 kcal. greater in the czs- than in the trans-isomers. If we attribute this enhanced 
strength to greater d,-d, bonding in the cis-isomers, which would be expected on theoretical 
grounds, our experiments also indicated that the strength of z-type bonding changed very 
little throughout the series Q = P to Q = Sb. It is well known that the familiar £,—p, 
double bonding, as in ethylene and carbon dioxide, is practically limited to atoms of 
principal quantum number 2, and so it seemed surprising that the change in principal 
quantum number of atom Q in the above series had so little effect on the strength of d,-d, 
bonding. It seems that d,-d, bonding is roughly independent of the relative sizes of the 
atoms forming the bond. 

There is an element of speculation in the interpretation of the above work and so we 
have sought another system where dative z-type bonding involving a d-orbital might occur, 
to see whether it does in fact occur and how the strength of x-type bonding changes with 
increasing difference in size of the atoms bound. We studied the series /-R,M°C,H,°CO,H 


Fic. 2. Schematic atomic-orbital vepresent- 
ation of the dative n-bond between 
: ‘ 7 ; ; , nickel and carbon in nickel carbonyl. 
Schematic atomic-orbital representation of the dative : 
a-bond between silicon and an aromatic system. 
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(where M = C, Si, Ge, and Sn, and R = Me and Et). In this series the acid strengths 
should be a sensitive indication of the strength of the M—C,, x-type of bonding, since the 
electrons forming the dative z-bond must be supplied by the aromatic system. The dative 
m-bond would be formed by donation of electrons from a x-molecular orbital of the aromatic 
system into a vacant low-energy d-orbital of the atom M. A schematic representation of 
the orbitals forming this x-type bond is shown in Fig. 1. Other equivalent representations 
of the M—C,, bond are (I) and as a resonance hybrid of the canonical forms (II), (III), (IV), 
and (V). This x-type bond is similar to the z-type bond between a transition metal and ligands 
containing bivalent carbon as donor, except that the electrons are provided by a d-orbital 
of the metal atom, and received into a p-orbital of the carbon atom, e.g., Ni-C in nickel 
carbonyl (Fig. 2). 

When we started this work there was considerable doubt whether any of the above 
M-C,, bonds had an order greater than unity (see Remick, Record Chem. Prog., 1950, 11, 
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57). However, a number of recently published studies of silylbenzene derivatives con- 
taining electron-repelling groups substituted in the benzene ring, show that the Si-C,, bond 
has partial double-bond character (Soffer and De Vries, J. Amer. Chem. Soc., 1951, 78, 
5817; Benkeser and Krysiak, tbid., 1953, 75, 2421; Freiser, Eagle, and Speir, 7bid., p. 
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2821, 2824). The present work shows that the Si-C,, bond has some double-bond character, 
at least in the anion ~-R,SitC,H,-CO,~ and therefore very probably in the acid; also 
that the Ge—C,, and Sn-C,, bonds are very closely similar in this respect to the Si-C,, bond. 

If all the M—C,r bonds were purely o-bonds, then only the electrostatic or inductive 
effects of the atoms M could influence the strengths of the acids p-R,M’C,H,°CO,H. In 
these circumstances the acid strengths should lie in the order of the electronegativities of 
the atoms M. Since carbon is much more electronegative than any of the other atoms M, 
p-R,C-C,H,°CO,H should be the strongest of this series of acids. 

Since there are no 2d-orbitals, carbon has no vacant low-energy d-orbitals and so cannot 
form dative x-bonds, unless there are very weak dative x-bonds involving 3d-orbitals ; 
thus the R,C—C,r bond should be purely of o-type, or nearly so. Silicon, germanium, and 
tin have vacant d-orbitals in their valency shells, hence they might form strong dative 
m-bonds with the aromatic carbon atom, and so the M—Car bond could have definite double- 
bond character when M = Si, Ge, and Sn, but not C. In this event the electron withdrawal 
from the x-molecular orbitals of the aromatic system in forming the dative x-bond (a 
negative mesomeric effect) would enhance the strengths of the acids containing silicon, 
germanium, and tin. 

The strengths of the above acids were measured in 60-1% aqueous ethanol by Kilpi’s 
absolute differential method (iiid., 1952, 74, 5296), modified to obtain more accurate 
relative values of K, by using a differential titration technique and quinhydrone electrodes. 

The strength of p-Me,SiC,H,-CO,H relative to benzoic acid has been measured pre- 
viously in 50°% (by volume) aqueous ethanol. Roberts, McElhill, and Armstrong (cbid., 
1949, 71, 2923) first reported these acids to have pK values of 5-85 and 5-75 respectively, 
later corrected to 5-80 + 0-01 and 5-80 + 0-01 (Roberts and Regan, ibid., 1953, 75, 4102) ; 
but their method was not one which would allow of such great accuracy. In 10° m- 
aqueous solution, using a spectroscopic method, Benkeser and Krysiak (/oc. cit.) found 
values of pK 4-27 +. 0-02 and 4-20 +. 0-04. In 60-1% (by weight) aqueous ethanol we 
find, by Kilpi’s method, that p-Me,Si-C,H,°CO,H is very slightly stronger than benzoic 
acid (see Table 1) with pK values of 5-955 + 0-002 and 5-979 + 0-009 (the “errors ’’ are 
standard deviations). Since previous evidence points to #-trimethylsilylbenzoic acid’s 
being slightly weaker than benzoic acid, we have also compared potentiometrically the pH 
of solutions of the acids identical in every respect, except that they contained the two 
different acids. At the half-titration point in 60-1% ethanol and an ionic strength of 
5-2 x 10°3 the silyl acid is definitely the stronger and differs from benzoic acid by about 
0-025 pK unit. It may be that the difference in the relative strengths of the two acids 
found by ourselves and by Benkeser and Krysiak is due to the use of different solvents 


(cf. Halford, zbid., 1931, 58, 2944). 


TABLE 1. The thermodynamic dissociation constants (Kq) of p-R3sM°C,H,°CO,H im 60-1% 
(by weight) aqueous ethanol at 25°. 
Electro- 10°K, 10°K, Electro- 10°K, 10°K, 
(R = Me) (R= Et) ] negativity ** (R= Me) (R = Et) 
0-70 0-71 1-7 1-07 1-08 
1-11 1-13 1-7 1-05 1-17 ¢ 
Under the same conditions benzoic acid has a strength, 10°A, = 1-05, and p-Me,Si-CH,’C,H,°CO,H, 
10°, = 0-46. 
* According to Pauling (‘‘ Nature of the Chemical Bond,”’ Cornell Univ. Press, 1945, p. 64). 
+ This value may be slightly in error because this acid was exceptionally difficult to purify, and 
purity could not be guaranteed. 


The results listed in Table 1 show that the orders of acid strengths in the -R,M-C,H,°CO,H 
series of acids do not lie in the order of the electronegativities of M, but that the acids 
containing silicon, germanium, and tin are much stronger than ~-R,C°C,H,°CO,H. This 
indicates clearly that dative x-bonding occurs in the bonds Si-Car, Ge—Car, and Sn—Car, and 
that it is enough to overcome the positive inductive effect due to the greater electropositive 
character of silicon, germanium, and tin relative to carbon. Where the silicon atom is 
not conjugated with an aromatic system the positive inductive effect of silicon is evident 
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from the low acid strength of p-Me,SitCH,°C,H,°CO,H (see Eaborn and Parker, J., 1954, 
939) and silylacetic acids (Sommer et al., J. Amer. Chem. Soc., 1949, 71, 1509), also from 
the enhanced basic strengths of aliphatic amines such as Me,Si-CH,*NH, (K, = 8-5 x 10-4) 
relative to Me-CH,*CH,*NH, (K, = 3-9 x 10~) (Noll, Daubert, and Speier, ibid., 1951, 
73, 3871). The electron-releasing and -attracting properties of the siiicon triad are therefore 
exactly opposite in character to those of the halogens. 

The strengths of the acids containing silicon, germanium, and tin are not appreciably 
different, hence if there is any change in inductive effect in this series its effect on the acid 
strength is exactly compensated by a change in the mesomeric effect, 7.¢., in the strength 
of dative x-bonding. However, since the electronegativities of silicon, germanium, and 
tin are approximately equal, the inductive effect probably changes little throughout this 
triad. We conclude, therefore, that the double-bond character of the Si-Car, Ge-Car, and 
Sn-C,, bonds in this series of compounds is approximately constant in spite of the great 
changes in relative sizes of the atoms bound. This finding is in accordance with the recent 
theoretical prediction by Craig, Maccoll, Nyholm, Orgel, and Sutton (J., 1954, 332) that 
d,—p, bonding should be more or less independent of the relative sizes of the bonded orbitals, 
especially when the d-orbital is considerably more diffuse than the f-orbital. It should 
be emphasised, however, that the amount of x-bonding will be greatly dependent on the 
electron-attracting or -releasing effects of substituents attached to the benzene nucleus 
or to the silicon, germanium, or tin atoms. 


EXPERIMENTAL 


Microanalyses are by Messrs. W. Brown and A. G. Olney of these laboratories. 

Preparation of the Acids.—p-tert.-Butylbenzoic acid was prepared by oxidation with hypo- 
chlorite of p-¢ert.-butylacetophenone (Price and Lincoln, J. Amer. Chem. Soc., 1951, 78, 5836). 
It had m. p. 168-5—169° (Price and Lincoln give 166°) (Found: C, 74:3; H, 8-0%; equiv., 178. 


Calc. for C,,H,,0,: C, 74-1; H, 7-°9%; equiv., 178). 

p-(1: 1-Diethylpropyl)benzoic acid. This acid is much more difficult to obtain than p-tert.- 
butylbenzoic acid but was finally obtained in small yield by oxidation with hypochlorite of 
p-(1 : 1-diethylpropyl)acetophenone. Acetyl chloride (30-4 g., 1-0 mol.) was added with stirring 
to a suspension of anhydrous ferric chloride (78 g., 1-2 mols.) in carbon tetrachloride (200 c.c.) 
at 3°, followed by the dropwise addition of 1: 1-diethylpropylbenzene (Schreiner, J. prakt. 
Chem., [2], 1910, 82, 296) at 30—40° (ice cooling). After being stirred for 5 hr. at 40° the reaction 
mixture was hydrolysed with dilute hydrochloric acid and extracted with ether. The ethereal 
extract was dried (Na,SO,) and the ether distilled off, leaving a black viscous residue. This was 
refluxed for 2 hr. with a solution of Girard p reagent (70 g.) in ethanol (720 c.c.) and glacial 
acetic acid (72 c.c.), and the mixture then poured into cold water (4-5 1.) containing sodium 
hydroxide (40 g.)._ The aqueous solution was filtered, all the ether-soluble material was extracted 
and then the aqueous portion was acidified with concentrated sulphuric acid (60 c.c.). The 
acid solution was kept overnight and extracted again with ether. The dried ethereal extract 
on distillation gave crude p-(1 : 1-diethylpropyl)acetophenone (12-5 g.), b. p. 173—174°/12 mm. 
(Found: C, 81-3; 81-6, H, 10-1, 9-6. C,;H,..O requires C, 82-5; H, 10-2%). It was further 
purified through the semicarbazone which was thrice recrystallised from light petroleum— 
benzene with no attempt to separate the geometrical isomers. The semicarbazone had m. p. 
160—180° from different preparations presumably depending on the isomeric composition of 
the product (Found: C, 69-9; H, 8:7; N, 15-3. Calc. for C,,H,,;ON,: C, 69-8; H, 9-15; 
N, 15-3%). The semicarbazone (0-25 g.), oxidised by heating in a sealed tube with 40% nitric 
acid at 200°, yielded terephthalic acid (0-07 g.), identified by its infra-red spectrum. 

The ketone was recovered from the semicarbazone by acid hydrolysis and oxidised (5 g.) at 
60—70° by vigorous stirring with a solution of potassium hypochlorite [200 c.c. ; Price and Lincoln 
(loc. cit.)]. When all the ketone had dissolved (14 hr.) the excess of hypochlorite was destroyed 
with sodium hydrogen sulphite, and the solution acidified to free the p-(1: 1-diethylpropyl)- 
benzoic acid. This was extracted from the aqueous solution with ether and extracted in turn 
from the ethereal solution by sodium carbonate solution. The oil obtained on acidification was 
taken up in ether, and the ethereal solution dried and evaporated to leave an oily residue which 
solidified overnight; yield 3 g. To obtain a solid sample of this acid at this stage was one of 
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the main difficulties in the preparation. All attempts to prepare the acid by other possible 
synthetical routes gave small quantities of oils. The crude product, recrystallised 12 times 
from aqueous ethanol, gave the pure acid, m. p. 58—60° (Found: C, 76-5; H, 9:3. C,H ,O, 
requires C, 76:3; H, 9-2%). It is very soluble in all organic solvents. 

The acids containing silicon, germanium, and tin were obtained by the following series of 
reactions : 


Mg co, 
p-R,M’C,Hy Br —» p-R,M-C,HyMgBr —» p-R,M:C,H,'CO,H 


In the first preparations only a moderate excess of magnesium was used, but in the last two 
(p-Me,Ge°C,H,°CO,H and p-Et,Sn°C,H,°CO,H) we used a very large excess of magnesium 
(30 mols.) which gave an improved yield (see Gilman and McGlumphy, Bull. Soc. chim., 1928, 
43, 1322; Skelly, M.Sc. Thesis, Queen’s University, Belfast, 1952, p. 86). The bromo-compounds, 
p-R,M’C,H,’Br, are colourless liquids; the triethyl acids, p-Et,;M°C,H,°CO,H, are low-melting 
solids, very soluble in all solvents except water, and difficult to purify. The trimethyl deriv- 
atives of higher melting point are readily purified. All the acids are white crystalline solids. 

p-Trimethylsilylbenzoic acid. When prepared as above (Roberts, McElhill, and Armstrong, 
J. Amer. Chem. Soc., 1949, 71, 2923) this acid had m. p. 116-5—117-5° (Roberts et al. give 
117—118°) (Found: C, 62-2; H, 7-2%; equiv., 192. Calc. for C,gH,,0,Si: C, 61-8; H, 7:3%; 
equiv., 194). 

p-Triethylsilylbenzoic acid. p-Bromophenyltriethylsilane (Griittner and Cauer, Ber., 1918, 
51, 1283) (15-5 g.) in ether (25 c.c.) was converted into the Grignard reagent by use of magnesium 
(1-9 g.) in ether (10 c.c.) and refluxing the solution for 2 hr. It was then poured on solid 
carbon dioxide and kept overnight. The product was hydrolysed by dilute hydrochloric acid, 
extracted with ether, and worked up in the same way as for p-(1 : 1-diethylpropyl) benzoic acid. 
The oily crude p-triethylsilylbenzoic acid slowly solidified and was recrystallised twice by freezing 
it at —75° from its solution in light petroleum (b. p. 40—60°). It had m. p. 47-0—47-5° (Found : 
C, 66-5; H, 85%; equiv., 236. C,,;H,,O,Si requires C, 66-1; H, 8-5%; equiv., 236). Its 
p-nitrobenzyl ester had m. p. 83-5—84-0° (Found: C, 65-4; H, 6:5; N, 3-7. C,9H,;0,NSi 
requires C, 65-4; H, 6-9; N, 3-8%). 

p-Triethylsilylbenzoic acid (0-95 g.) was heated in a sealed tube at 100° for 10 hr. with bromine 
(0-658 g.). The acid product was p-bromobenzoic acid, m. p. 255°, confirmed by forming its 
p-nitrobenzyl ester, m. p. 140-5—141°. 

p-Bromophenyltrimethylgermanium. Trimethylbromogermanium (Lengel and Dibeler, /. 
Amer. Chem. Soc., 1952, 74, 2683; Dennis and Patnode, ibid., 1930, 52, 2779) (17 g.) in benzene 
(50 c.c.) was added gradually to a Grignard reagent prepared from magnesium (4 g.) in ether 
(30 c.c.) and p-dibromobenzene (38 g.) in ether (120. c.c.). After refluxing for 3 hr., the product 
was hydrolysed with ammonium chloride solution, the ether layer was separated and dried, 
and the ether removed by distillation. The residue, which was fractionated up a 9’’-column 
packed with Dixon rings, yielded p-bromophenyltrimethylgermanium (8-8 g.), b. p. 118°/20 mm. 
(Found: C, 39-5; H, 4-7. C,H,,BrGe requires C, 39-5; H, 48%). 

p-Trimethylgermanylbenzoic acid. The above bromo-derivative (8-8 g., 1 mol.) in ether (100 
c.c.) was added during 1 hr. to magnesium (23 g., 30 atom propn.) in ether (60 c.c.). The 
mixture was boiled under reflux during the addition, and afterwards for another 2} hr., then 
carbonated. The acid was isolated in the same way as triethylsilylbenzoic acid. The crude 
p-trimethylgermanylbenzoic acid (3-2 g.) recrystallised five times from light petroleum (b. p. 
80—100°) gave the pure material (1-0 g.), m. p. 119-5—121° (Found: C, 50-3; H, 5-9%; equiv., 
238. Cy 9H,4O,Ge requires C, 50:3; H, 59%; equiv., 239). 

p-Bromophenyltriethylgermanium was prepared in the same way as its trimethyl homologue, 
but from triethylchlorogermanium (Kraus and Flood, J. Amer. Chem. Soc., 1932, 54, 1635), 
in 27% yield. The crude p-bromo-compound had b. p. 156°/14 mm. (Found: C, 46-8, 47-05; 
H, 6-0, 6-0; C,,H,,BrGe requires C, 45-6; H, 6-1%). 

p-Triethylgermanylbenzoic acid. This was prepared in the same way as }-triethylsilyl- 
benzoic acid. The Grignard reagent, from the crude p-bromo-compound (5-0 g.) and magnesium 
(0-6 g.) in ether (11 c.c.), yields ultimately the crude germanylbenzoic acid as a sticky oil. Recrys- 
tallised twice by freezing (—75°) from light petroleum (b. p. 40—60°) it gave the pure acid 
(0-75 g.), m. p. 45—46° (Found: C, 56:0; H, 7:1%; equiv., 278. C,,;H,.O0,Ge requires C, 
55:6; H, 7:2%; equiv., 281). 

p-Bromophenyltrimethyltin. Prepared in exactly the same way as its germanium analogue, 
from trimethylbromotin (70 g.) and the Grignard reagent from -dibromobenzene (107 g.), 


4408 Chatt and Williams : 


magnesium (11 g.), and ether (400 c.c.), the product (36-5 g.) had b. p. 124°/15 mm. (Found : 
C, 33-6; H, 3-9. C,H,,BrSn requires C, 33-8; H, 4:1%). 

p-Trimethylstannylbenzoic acid. Carbonation of the Grignard reagent from p-bromophenyl- 
trimethyltin (36-5 g.), magnesium (3-1 g.), and ether (65 c.c.) gave the crude acid (4 g.). This 
was recrystallised twice from aqueous alcohol, then six times from light petroleum (b. p. 80—100°) 
giving the pure acid (1:3 g.), m. p. 131—132° (Found: C, 42:6; H, 50%; equiv., 284. 
C,9H,,0,Sn requires C, 42:15; H, 495%; equiv., 285). 

p-Bromophenyltriethyltin. Obtained in analogous manner to -bromophenyltrimethy]- 
germanium, in 32% yield, the compound had b. p. 165-5°/14 mm. (Found: C, 40-1; H, 5-4. 
C,,H,,BrSn requires C, 39-8; H, 5:3%). 

p-Triethylstannylbenzoic acid. Carbonation of the Grignard reagent from p-bromophenyl- 
triethyltin (10-8 g., 1 mol.), magnesium (23 g., 30 atom propns.), and ether (160 c.c.) yielded the 
crude acid (2-5 g.)._ Twice recrystallised by freezing (—75°) from light petroleum (b. p. 40—60°) 
it had m. p. 44-5—46-5° (Found: C, 47-9; H, 62%; equiv., 324. C,;H,O,Sn requires C, 
47-75; H, 6-2%; equiv., 327). This acid is slowly decomposed even by cold aqueous sodium 
carbonate and so the alkaline extraction must be carried out rapidly. Its high solubility in organic 
solvents and tendency to hydrolyse made its purification difficult. When treated with bromine 
in a sealed tube at 100° for 4 hr., it gave p-bromobenzoic acid, m. p. and mixed m. p. 254-5—255°. 

Dissociation Constants.—The acids p-R,M*C,H,°CO,H are too insoluble in water for the 
determination of their acid strengths by direct pH measurements in that medium and so we 
chose aqueous ethanol containing 60-1% (by weight) of ethanol as solvent. In such solvents no 
standards of pH have been established and the conventional methods of determining acid 
strengths in water are available only as approximate methods. However, two closely related 
absolute methods of determining acid strength have been developed, one by Kilpi (Z. physikal. 
Chem., 1935, 178, 223; loc. cit.) and the other by Grunwald (ibid., 1951, 73, 4934). We tried 
both methods, and for our purpose found Kilpi’s method as modified by R. Nasanen (Suomen 
Kem., 1948, B, 21, 5) most suitable. The method depends upon determining the slope of the 
titration curve at the first inflection point in the titration with strong base of a solution of the 
weak acid containing a little of some strong acid. Previous workers have done this by titrating 
the solution in a cell containing a standard calomel or silver chloride electrode and one sensitive 
to changes in [H*]. They add exactly equal increments of alkali, and note the small increment 
in potential of the cell. In Nasanen’s method the concentration dissociation constants K,’ are 
calculated from the three maximum increments in potential. The accuracy of the method was 
limited by the accuracy with which the potential changes and the volumes of added alkali can 
be measured. By using a differential titration technique with two quinhydrone electrodes and 
a micrometer syringe, it is possible to measure the potential changes on each addition to 0-02 mv 
and volumes of 0:1 c.c. to better than 1 in 500, 7.e., to about the same accuracy as the other 
experimental operations. The limitation in the absolute accuracy of the method is now set 
by the unknown but small diffusion potential which develops between the cell compartments on 
each addition of titrating reagent. The repeatability and relative accuracy of the method is, 
however, excellent since the differential titration allows the checking of the zero after each 
addition and the elimination of any stray potentials which develop during an experiment. 
The method also has the advantage that rigorous exclusion of carbon dioxide is unnecessary. 
In some preliminary experiments we deliberately added a little sodium carbonate, and showed 
that the evaluation of the dissociation constants was not affected by it. 

Apparatus.—The cell and electrode assembly are shown in Fig. 3. The solution to be 
titrated was placed in the cell, and stirred by passing through C a stream of nitrogen saturated 
with solvent vapour at the temperature of the experiment. Electrode D was a bright platinum 
disc 1 cm. in diameter separated from the rest of the cell by a coarse sintered-glass disc G through 
which the solution passed easily. The small electrode compartment containing D had a capacity 
of 0-5 c.c. when the cell was filled to the working level, and could be flushed out with nitrogen 
by turning tap A and closing tap B. Electrode E was a piece of bright platinum foil 2” x 1” 
curved into a half-cylinder to fit the cell. The titrating reagent was added from an “ Agla’”’ 
micrometer syringe F, fitted with a long capillary nozzle which just dipped into the liquid in 
the cell. The cell was maintained at 25-00° + 0-02°. Potential differences between the 
electrodes were measured with a Tinsley Vernier Potentiometer. 

Materials.—Ethanol. ‘‘ AnalaR "’ ethyl alcohol was used after boiling out of carbon dioxide 
and oxygen under nitrogen. Absence of traces of acetaldehyde and acetic acid was proved by 
testing with 2: 4-dinitrophenylhydrazine and also by spectroscopy. The ethanol used had a 
transmission greater than 60% determined against water in 1 cm. quartz cells at 215 my. 
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Waiter. Distilled water was redistilled from potassium permanganate then passed through 
a Bio-demineralite ion-exchange resin. 

Solvent. This was a mixture of the above water and ethanol of such composition that it 
had a specific gravity at 25° of 88,936 + 5 x 10%. This corresponds to a composition of 60-10 + 
0-02% of ethanol by weight (‘‘ Handbook of Chemistry and Physics,” 33rd edn., Chemical 
Rubber Publ. Co., Cleveland, Ohio, 1951—1952, p. 1771). The acid strength of benzoic acid 
was checked in every new batch of solvent. This solvent was used to prepare the following 
solutions. Additional ethanol was added to the perchloric acid and sodium hydroxide solutions 
to compensate for the water in the concentrated solutions of these substances. 

Perchloric acid. A standard solution (ca. 0-05N) was prepared from “‘ AnalaR”’ acid, 
without further purification. 

Sodium perchlorate. ‘‘ AnalaR”’ grade was recrystallised from water and dried for at least 
12 hr. at 150°, then made up into a standard solution of approximately 8 x 10 moles/lI. 

Sodium hydroxide. A standard solution (ca. 0-05N) was prepared, free from carbonate, by 
removing the clear supernatant liquid from a saturated solution of “‘ AnalaR ’’ sodium hydroxide 
and diluting as necessary. 

Quinhydrone. ‘‘ AnalaR”’ grade was added as solid to the titration cell when required. 

Procedure.—40 c.c. of a solution of the weak acid of known concentration (ca. 1-0 x 10°-?m) 
were accurately pipetted into the cell. To this was added 0-2 c.c. of the perchloric acid solution 


Fic. 3. Cell and elecivode assembly used to measure 
the acid dissociation constants. 


and enough sodium perchlorate solution (ca. 1 c.c.) to adjust the ionic strength to about 3-0 x 10°. 
Quinhydrone (ca. 0-05 g.) was added and the solution stirred by nitrogen until all had dissolved, 
then the small cell compartment containing the electrode D was flushed out a number of times. 
The potential difference between the electrodes was now measured with nitrogen passing through 
C. This initial potential was usually about 0-2 mv and will be called the “ zero potential. ”’ 
An exactly measured addition (ca. 0-1 c.c.) of the standard alkali was now run in, causing a 
change in potential difference of ca. 10 mv which remained constant to 0-02 mv for several 
minutes before diffusion through the sintered-glass disc became apparent as a drifting potential. 
The cell compartment was flushed out and the “‘ zero potential ’’ re-determined. The differential 
titration was now continued with exactly equal additions of alkali, each causing a greater 
potential change, until at least one addition of alkali had been made after the addition causing 
the maximum potential change. The solution was then back-titrated with the standard 
perchloric acid in 0-1 c.c. additions in exactly the same manner. These two titrations were 
used to give two values of the concentration constants K’. A typical example is given in 
Table 2, together with a typical calculation. 

The differential technique must have introduced a liquid junction potential and perhaps a 
systematic error. This potential was so small that attempts to measure it by replacing the 
large platinum electrode by a silver chloride electrode and using solutions and reagents all 
3 x 10°%m in potassium chloride, but containing no sodium perchlorate, failed. The stability 
and sensitivity of this arrangement were not sufficient to allow us to determine even the sign of 
the diffusion potential. Any systematic error introduced, therefore, seems unlikely to cause an 
absolute error greater than 1% in K,. This would not alter the relative accuracy of the deter- 
minations which is correctly indicated by the standard deviations. 
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Calculation.—The calculation was made by Nasanen’s method (/oc. cit.). Our potential 
changes and volumes are, however, about 1% greater and smaller respectively than those which 
would have been obtained with Kilpi’s electrode assembly. This 1% is the ratio of the volumes 
of the two cell compartments, which should therefore be made as small as possible. The two 


TABLE 2. The titration of one sample of p-trimethylsilylbenzotc acid. 
Titration with alkali Back-titration with acid 
E.M.F. of cell (mv) E.M.I’. of cell (mv) 
i. a . ~ ~—aerved real ee b 2 A ’ 
zero after addn. of Av increment zero after addn. of Av increment 
—0-20 9-11 9-31 +-0-18 9-45 9°27 
0-22 10-98 11-20 +0-32 10-76 10-44 
0-09 10-98 11-07 40-31 10-89 10-58 
—0-11 9-44 9-55 +0-47 9-64 9-17 
Quantities relating to theinflection point: V* = Quantities relating to the inflection point: V 
41-6 c.c., 10?Av = 9-88 c.c., 10°C = 5-086m, 42:0 c.c., 10?Av = 9°88 c.c., 10?C = 4-810, 
10°C, 1-210m, 10°97 = 2-519. 102?C, = 1-199 m, 10°J = 2-768. 
From which are calculated: dE/dm = 11-64; From which are calculated: dE/dm = 10-915; 
10¢P = 6-138; 10%K’ = 1-502; 10%K = 1-103. 10¢P = 6-130; 106K’ = 1-512; 10*k = 1-119 
* For the meaning of the symbols see below. 


a 


errors are however compensating, and cancel out to within experimental error in calculating P 
(see below). The following symbols and quantities enter into the calculations : C, concentration 
of titrating reagent; C,, concentration of weak acid; dE/dm, slope of titration curve in mv per 
addition (Av) of alkali or acid at the inflection point [it is calculated from the three greatest 
potential increments observed during each titration (Nasanen, Joc. cit.)]; I, the ionic strength 
of the solution under investigation at the inflection point; K, the thermodynamic dissociation 
constant of the weak acid; K’, the concentration dissociation constant of the weak acid; k 
(2-303 RT) (nF) = 59-16; V, total volume of solution in the main cell compartment when the 
titration is at the inflection point; Av, the volume of one addition of titrating reagent; +, 
hydrogen-ion concentration. Other relations used are : 


vy’ dm  k'dm’ 


=) _ Av, dpH_ 1 dé. pa {%) ey 
a x 


om om dm 
where F is a function of the ion concentrations (cf. Nasanen, Joc. cit.). The constant KA’ of 
the weak acid is obtained from the following two equations by successive approximations : 


K’ = (0-4343P — x)(x + K’)%(*xC,)1 and »# = [K’C,(1 — K’x)(1 4+ K’x)-3}! 


In our experiments a good initial estimate of 7 is given by ¥ = 0-215P and a first estimate of 
Kk’ by K’ = 2#°(C,)._ By using these estimates a good value of A’ was quickly obtained. 

The thermodynamic constants K were calculated from K’ by the Debye—Hiickel limiting 
law which appears to be applicable in aqueous alcohol up to ionic strengths of 0-006 (Grunwald 
and Berkowitz, J. Amer. Chem. Soc., 1951, 78, 4939). By using 43-4 for the dielectric constant 
of 60-1% aqueous ethanol (Akerlof, J. Amer. Chem. Soc., 1932, 54, 4125) the limiting law for 
60-1°% (by weight) aqueous ethanol at 25° becomes : 


—log f, = 1-24I% 


Results.—Complete sets of determinations showing the best and worst agreement are given 
in Table 3 and the results for all the acids are summarised in Table 4. 

Divect Comparison of Acid Strengths of p-Trimethylsilylbenzoic Acid and Benzoic Acid.— 
Solutions of 1-029 x 10-¢m-benzoic and -p-trimethylsilylbenzoic acids in 60-1% (by weight) 
ethanol were half neutralised with 0-0569N-sodium hydroxide, and then placed in two separate 
cells with equal amounts of solid quinhydrone. The ionic strength of the solutions was 5-2 x 10°°. 
Nitrogen was bubbled through both cells throughout the experiment. The cells were connected 
by a freshly prepared saturated potassium chloride bridge. The E.M.F. between two platinum 
foil electrodes (a) and (6) was measured, first with both electrodes in one cell (benzoic acid), then 
with electrode (a) in p-trimethylsilylbenzoic acid and (6) in benzoic acid, and finally with both 
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electrodes in the silylbenzoic acid. The experiment was repeated with the same solutions, then 
again with new solutions at the same concentration and using another salt bridge. The results 
are shown in Table 5. 
TABLE 3. 
p-Me,Si-C,H,*CO,H 

1*r * 102C4 104P 10°’ 10°K Ii * 10°C 4 104P 106k 

3-013 1-116 5-930 1-521 1-111 3-128 1-314 6-434 1-104 

3-360 1-101 5-937 1-538 1-105 2-519 1-210 6-138 ° 1-103 

2-773 1-333 6-442 1-500 1-110 2-768 1-199 6-130 : 1-119 

k = 1-109 x 10%; standard deviation -}- 0-006. 


p-Me,Ge’C,H,’CO,H 
10°] * 10°C, 104P 108A’ 106k 10°J * 10°C 4 104P 
2-188 1-038 5-606 1-462 1-120 3-333 0-858 5-144 
2-421 1-027 5-583 1-466 1-107 3-049 0-964 5-388 
2-558 0-899 5-211 1-461 1-095 3-298 0-955 5-346 
2-776 0-890 5-200 1-471 1-089 3-182 0-657 4-449 
2-916 0-875 5-032 1-400 1-030 3-348 0-651 4-468 
3°140 0-866 5-063 1-433 1-038 
K = 1:072 x 10°; standard deviation + 0-028. 

* The range of ionic strength is limited because lower strengths than those used decrease the 
sensitivity of the apparatus by increasing the resistance of the cell. Higher strengths would carry 
the experiments into the region where the Debye—Hiickel limiting law is not sufficiently well obeyed. 


TABLE 4. 

No. of Standard No. of Standard 

Acid 10° =6detmns. deviation Acid 106A detmns. deviation 
C,H,°CO,H 1-050 27 10-022 p-Me,Ge'C,H,CO,H ... 1-072 11 +-0-028 
p-Me,C-C,H,'CO,H 0-699 8 +0006 p-Et,Ge-CgHyCO,H ... 1-077 6 +0-008 
p-Et,C-C,H,CO,H 0-712 6 £0006  p-Me,Sn-C,H,yCO,H ... 1-051 6 -+0-008 
p-Me,Si-C,H,yCO,H 1-109 6 -+0-006 p-Et,Sn°C,H,°CO,H_ ... 1-172 6 -+0-027 
p-Et,SirCgHy'CO,H 1-129 6 +0-028  p-Me,SirCH,°C,Hy’CO,H 0-464 4 +0006 


TABLE 5. Potential differences between the clectrodes in mv. 
Experiment 2 
BOth CleCtISG!s 12: DOR EOIS BOI... 055 cv coecsevesccnccccccees sue . 0-06 
(a) in the p-trimethylsilylbenzoic acid ........-....c0ece eee aee . 2-20 
Both in p-trimethylsilylbenzoic acid .............ceceeeee eee ees “If 0-16 


(a) Was the positive electrode. 


Although the relative potentials of the electrodes fluctuate by 0-15 mv these experiments 
leave no doubt that the silylbenzoic acid is the stronger in 60-1% ethanol. The average difference 
in pK (from these figures) is 0-025 + 0-015. 


We are greatly indebted to Dr. C. Eaborn for a specimen of p-Me,SitCH,°C,H,°CO,H, to 
Dr. Sten Ahrland, Dr. Ido Leden, and Mrs. B. E. Lowe for valuable discussion of the methods 
used to measure the dissociation constants, and to Mr. G. Barton for help with some of the 
preparations. 
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Solutions of Metal Soaps in Organic Solvents. Part IV.*  Direct-current 
Conductivity in Solutions of Some Metal Oleates in Toluene. 


By S. M. Netson and R. C. PINK. 
[Reprint Order No. 5546.] 


The dielectric loss in toluene solutions of zinc, copper, lead, magnesium, 
and calcium oleates has been shown to be due to direct-current conductivity. 
The conductivities and other properties of the metal soaps indicate a gradation 
in valency type from zinc oleate, which is almost non-polar, to magnesium and 
calcium which appear to be almost wholly ionic in character. 

In concentrated solution the equivalent conductivities increase with in- 
creasing concentration and with decrease in temperature. These effects are 
explained in terms of an association of molecules and ions into aggregates, 
the equivalent conductivity increasing with increase in aggregate size. 
Evidence in support of this view is obtained by conductivity measurements in 
chloroform and by observation of the slow approach to an equilibrium con- 
ductivity value in toluene, following a change in concentration or temperature. 


DIELECTRIC loss may occur as a result of relaxation phenomena involving either dipoles or 
ions, or particularly at low frequencies as a result of direct-current conductivity in the 
dielectric. Where relaxation effects are absent and the whole of the dielectric loss is due 
to direct-current conduction it can be shown from a consideration of the voltage—current 
vectors that the dielectric-loss factor e”’ is inversely proportional to frequency. The 
specific conductance o can then be calculated from the equation 


oun E> ROP Fa RS sk ca ee ome a hl) 


where f = frequency in cycles per second. In an investigation of their dielectric properties 


it became clear that the large losses shown by solutions of some metal carboxylates in non- 
polar solvents were due to direct-current conductivity, although in very concentrated 
solutions in some cases there was evidence of superimposed relaxation effects. 

The unexpectedly high conductivities observed were thought to merit more detailed 
investigation and the present paper describes the results of such measurements with 
solutions of some metal oleates in toluene. The oleates were chosen because of their 
relatively high solubility in organic solvents at room temperature. Piper, Fleiger, Smith, 
and Kerstein (Ind. Eng. Chem., 1939, 31, 307) have shown that lead and copper soaps in 
liquid paraffin give rise to dielectric losses at low frequencies and have pointed out the 
importance of the colloidal state of the soap in determining the magnitude of the loss. 
These effects may be important when transformer oils, for example, remain for long periods 
in contact with certain metals. 

Although many of the properties of metal carboxylates, e.g., their solubility in non-polar 
solvents and their low melting points (Koenig, J]. Amer. Chem. Soc., 1914, 36, 951), suggest 
that they are essentially covalent compounds there are indications that the metal-carboxy]l- 
ate bond in some cases exhibits considerable ionic character. Bhatnagar, Kapur, and 
Hussain (Proc. Indian Acad. Sci., 1939, 9, A, 143), on the basis of conductivity measure- 
ments, drew a distinction between magnesium oleate which gave conducting solutions in 
benzene and zinc oleate which did not, although their method of measurement did not per- 
mit high precision. Cady and Baldwin (J. Amer. Chem. Soc., 1921, 48, 646) concluded that 
copper stearate and copper oleate also were ionized in benzene. More recently Banerjee 
and Palit (J. Indian Chem. Soc., 1950, 27, 385) have reported relatively high dipole moments 
for some metal oleates. 

EXPERIMENTAL 

Preparation and Purification of Materials.—Oleic acid was redistilled ‘‘ purissimus grade ”’ 
from Schering~Kahlbaum. The preparation of the oleates involved metathesis of potassium 
oleate in ethanol with an aqueous solution of a salt of the metal: sulphate for zinc, copper, and 


* Part III, J., 1952, 1744. 
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magnesium, nitrate for lead, and chloride for calcium. The precipitated soap was thoroughly 
washed with water, until free from excess of precipitant, and with a little ethanol to remove free 
acid. It was then recrystallised from benzene, where possible, and finally dried (P,O;) in vacuo. 
The magnesium and calcium oleates which are precipitated in the hydrated form were dried 
(CaCl,) before the water of hydration was liberated by boiling in benzene. In all cases the last 
traces of benzene were removed under reduced pressure. For analysis, the oleates were hydro- 
lysed with 2N-sulphuric acid, and the metal contents of the hydrolysates determined by standard 
procedures, after the oleic acid had been removed by extraction with ether. 


Zinc Copper Lead Magnesium Calcium 


ROR TORI Oe sie cedciccesscecdavns 10-43 10-07 26°55 4-22 6-85 
gg See See 10-41 10:15 26-93 4-15 6-65 


Sulphur-free toluene was dried (KOH, then Na) and distilled from sodium in an all-glass 
apparatus just before use. ‘‘ AnalaR ’’ chloroform was dried for two weeks (exsiccated Na,SO,) 
before distillation. 

A pparatus.—Dielectric-loss measurements were made in the frequency range 50 c./s. to 
300 kc./s. with a capacitance bridge (General Radio Type 716—c) in conjunction with a resistance— 
inductance bridge-type oscillator and a stabilised high-gain, wide-band amplifier and cathode- 
ray oscilloscope indicator. Conductivities were calculated from the loss data by equation (1). 
The conductivity of some of the solutions was also measured by a direct-current method. The 
results thus obtained were in good agreement with those calculated from the dielectric-loss data. 

The dielectric cell consisted of two concentric stainless-steel cylindrical electrodes, the top 
of the outer electrode being tapered and ground to accommodate a B40 Pyrex ground-glass cone 
through which was sealed a 2-mm. tungsten rod. This rod was plug-sealed into a steel rod which 
was firmly screwed to the inner, live, electrode. This inner electrode was hollowed to reduce its 
weight. The tungsten rod served as the lead to the live electrode, and a steel rod soldered to the 
case of the outer electrode served as the lead to ground. A side-arm fitted with a B9 stopper 
was sealed into the B40 cone. The air capacity of the cell was 32-9 uyF and the loss at 100 
c./s. was not greater than tan § = 0-001. A similar cell of smaller air capacity (8-2 wuF) was 
used with the more highly conducting solutions. The temperature was controlled to -+0-02° ina 
liquid-paraffin bath. 

Viscosity measurements at 25° were made by the capillary flow method. 

Conductivity Results.—Conductivity data at 25° for solutions of zinc, copper, lead, magnesium, 
and calcium oleates are shown in Fig. 1, where the equivalent conductivity is plotted against the 
square root of the concentration. In dilute solutions the conductivity at equivalent concen- 
trations increases in the order zinc, copper, lead, magnesium, calcium. Ali the metal oleates 
in the concentration range studied, with the exception of copper, show a rise in equivalent con- 
ductivity with increasing concentration. This effect is particularly striking for magnesium and 
lead oleates. Of the five soaps studied, solutions of calcium oleate alone showed a fall in equi- 
valent conductivity with increase in concentration in the higher concentration range. This 
decrease in equivalent conductivity is accompanied by a marked increase in viscosity (Fig. 2) 
and is probably a direct result of reduced mobility of the charge-carriers. The viscosities of 
magnesium oleate solutions are included in Fig. 2 for comparison. 

Relaxation Effects in Concentrated Calcium Oleate Solutions.—At very high concentrations the 
loss data for solutions of calcium oleate failed to conform to equation (1), indicating the presence 
of an absorption in addition to the direct current losses. The departure from a conductivity 
plot which is shown in Fig. 3 (where both curves should be parallel to the broken line corre- 
sponding to e” oc 1/f) might be explained on the basis of a restricted movement of ions in a viscous 
medium (Whitehead and Marvin, Trans. Amer. Inst. Elect. Eng., 1929, 48, 313; cf. Gemant, 
Trans. Faraday Soc., 1935, 31, 1582) or by the formation of ionic dipoles (Murphy and Lowry, 
J. Phys. Chem., 1930, 34, 617). Moreover, the presence of a Maxwell-Wagner type of absorption 
in these systems, arising from inhomogeneities in the dielectric, cannot be ruled out. In any 
case it is significant that such departures were observed only in very viscous solutions. This 
effect was not investigated further. 

Effect of Water and Other Additives as Impurities.—The possibility that the conductivity ob- 
served in the metal oleate—toluene solutions might be due to traces of impurity was examined by 
noting the effect on the conductivity of adding known amounts of water, inorganic precipitant, 
and oleic acid. Small amounts of water had a negligible effect except with magnesium and 
calcium oleates where a considerable lowering of the conductivity was observed. These oleates 
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form insoluble hydrates and the reduction in conductivity in these solutions may be explained 
in terms of reduced solubility. Inorganic precipitant had little effect except in the presence of 
water when a small increase in conductivity was observed. Similarly, the presence of free oleic 
acid could in no way account for the magnitude of the observed conductivities. No increase 


Effect of concentration on conductivity. Fic. 2. Effect of concentration on viscosity. 
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whatever in dielectric loss over that of the pure solvent was observed even in concentrated 
solutions of oleic acid in toluene. Different preparations of the same soap were sometimes 
found to have slightly different conductivities in toluene but the effects of varying concentration 
and temperature were in all cases essentially the same. 

Temperature Effects —The conductivity was found to vary with temperature in a manner 
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depending on the particular soap and its concentration. Two opposing effects appear to operate 
consequent on a change of temperature. In concentrated magnesium oleate solutions, for 
example, the conductivity falls rapidly as the temperature is raised whereas in very dilute 
solutions an increase in conductivity with temperature is observed (Fig. 4). 

A characteristic feature of the more concentrated solutions is the slow approach to an 
equilibrium conductivity following a change in concentration or temperature. This effect is 
shown clearly in Fig. 5 which illustrates the approach to an equilibrium conductivity at 30° of an 
8-06% magnesium oleate solution from a lower (25°) and a higher (35°) temperature. Similarly, 
it was found that after dilution of a concentrated solution the final equilibrium conductivity might 
not be reached until after several hours or even days. Such changes were, however, fully 
reversible. 

Measurements in Chloroform as Solvent.—Conductivity data for magnesium oleate in chloro- 


Fic. 6. Effect of solvent on equivalent 
conductivity. 
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form are shown in Fig. 6. It will be noted that the conductivities are considerably greater and 
that the anomalous rise in equivalent conductivity occurs at a much higher concentration in this 
solvent. 


DISCUSSION. 


The most striking features of the results are, first, the relatively high conductivities of 
the soaps in such a non-polar solvent as toluene and, secondly, the unusual form of the 
equivalent conductivity—concentration and conductivity-temperature relations. The 
occurrence of ionic conduction in the metal soap-hydrocarbon systems contrasts strongly 
with other physical properties such as the solubility of the metal soaps in organic solvents 
and their low melting points (Koenig, Joc. cit.). These contrasting properties which are 
characteristic of ionic and covalent compounds respectively may be reconciled by a con- 
sideration of the amphipathic nature of the metal soap molecule. The properties charac- 
teristic of covalent compounds are those which are conferred by the long hydrocarbon 
chains while the ionic conduction is a consequence of the highly polar or, probably in some 
cases, ionic nature of the metal—carboxylate bond. 

As might be expected there is a rough correlation between the equivalent conductivities 
of the metal soaps in dilute solution and the magnitude of the ionization potential for the 
process M—-»M**t. This is shown in the Table below which also includes Banerjee and 
Palit’s (loc. cit.) values for the dipole moments of the corresponding oleates. 

These different lines of evidence indicate increasing polarity of the metal—carboxylate 
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bond in the approximate order zinc, copper, lead, magnesium, calcium. The dipole 
moment of lead oleate is anomalous; too much emphasis, however, need not be placed on 
this apparent anomaly, since the data appear to have only qualitative significance (Gilmour, 
Nelson, and Pink, Nature, 1953, 171, 1075). The order of polarity of the soaps is, however, 
probably correct. The magnetic properties of the copper soaps provide additional evidence 
for the relatively covalent character of the copper-carboxylate bond. For example, in 
copper laurate the copper atoms are sufficiently close to permit strong quantum-mechanical 
exchange forces to come into play so that at very low temperature copper laurate is actually 
anti-ferromagnetic (Gilmour and Pink, J., 1953, 2198). At the other end of the series 
there seems to be little reason to doubt that the metal-carboxylate bond in the case of 
magnesium and calcium soaps is almost wholly ionic in nature. Lawrence (Trans. Faraday 
Soc., 1938, 34, 660) has previously drawn attention to the gradation in properties of the 
metal soaps with change of cation. 


Oleate 10°A (ohm™ cm.*) Ionization potential * (v) Dipole moment (D) 

BND Scan cesecesececes 0-75 27:5 0-29 
CRIN, iv sicanssacopentneunans 3°25 28: 1-20 
RUE diss ceiewewan acura Rice 7-50 4-29 
Magnesium 20-0 22-58 1-66 
Calcium 401 f 4-49 

* International Critical Tables, 1929, 6, 70—72. 

The values of A refer, in all cases, to 0-004M-solutions. 


An unusual feature of the results is the sharp rise in equivalent conductivity with 
increasing concentration observed in solutions of zinc, lead, magnesium, and calcium 
oleates (Fig. 1). Any explanation of this effect must embrace a consideration of the well- 
established fact that the metal soaps are associated in non-polar solvents to micelles of 
various sizes. In dilute solutions the size of the aggregate is a function, first, of the polarity 
of the metal-carboxylate bond, the more polar soaps forming larger aggregates, and 
secondly, of the chain-length of the carboxylic acid (Nelson and Pink, J., 1952, 1744). 


On simple Stokes’s law considerations an increase in equivalent conductivity is to be 
expected with increasing micelle size for spherical micelles. The magnitude of the increase 
reported in the present paper, however, is too great to be explained on this basis alone. In 
dilute solutions there is no reason to believe that the micelles are other than roughly 
spherical but little can be said about the structure and shape of the much larger micelles 
which occur in more concentrated solutions. There is, of course, a limit to the number of 
molecules which can be accommodated in a spherical micelle and, by analogy with aqueous 
solutions of colloidal electrolytes, it would seem reasonable to assume that the larger 
micelles are either lamellar or rod-like. 

In ionization processes in these solutions the following equilibria must be taken into 
account. The second stage of the ionization of the neutral soap molecule is neglected. 
(M = metal; A = oleate radical.) 


MA, === MAt + A- i (MAg,), + MA+ ——= (MA,),MAt 
nMA, == (MAs3)x (MA,), + A-~ =q=2@ (MA,),A-~ 


Although this picture is necessarily complex certain helpful generalisations may be 
made by a simple electrostatic approach. The free-energy change accompanying the 
separation of point charges Z,e and Zye of opposite sign from an equilibrium distance 7 to 
infinity in a continuous medium is given by 


AF = ZZ pe*/er ® ° ; . . ° F ° ° (2) 


where e¢ is the dielectric constant of the medium. In the case of isolated ions or of small 
aggregates of the size known to exist in dilute solutions of metal oleates (Gilmour, Nelson, 
and Pink, doc. cit.) there is little hindrance to close approach of the ions so that r is necessarily 
small. As the concentration is increased the formation of large lamellar micelles or elon- 
gated cylindrical aggregates would lead, on the other hand, to increasingly large values of 
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consequent on the shielding effect of the hydrocarbon exterior of the micelles. In contrast 
to aqueous solutions those micelle structures in non-polar solvents will be favoured in which 
the polar parts of the molecules are in the interior of the micelle. Ions so shielded are not 
available for recombination into neutral molecules. The position of equilibrium in the 
ionization process (i) is therefore moved to the right and an overall increase in ionic con- 
centration, over that which would obtain in the absence of aggregation, results. Fuoss and 
Kraus (J. Amer. Chem. Soc., 1935, 55, 2387) have previously proposed the formation of 
triple ions to account for the minima in the conductance—concentration curves for dilute 
solutions of quaternary ammonium salts in solvents of low dielectric constant. 

Support for the view that the rise in equivalent conductivity is a direct result of the 
increase in aggregate size is obtained from an examination of the conductivity-temperature 
plots. Since it has been established that increasing temperature leads to a reduction in 
micelle size (Gilmour, Nelson, and Pink, doc. cit.) it would be expected that the conductivity 
of the concentrated solutions should decrease with rise in temperature. This expectation 
accords with the experimental evidence. Fig. 4 shows the effect of temperature on a 
concentrated (8-06%) and a dilute (0-014°%) magnesium oleate solution. It will be seen 
that the conductivity of the concentrated solution decreases whereas that of the dilute 
solution increases with rise in temperature. The latter effect may be partly accounted for 
on the basis of an increased mobility of the charged particles. In solutions of intermediate 
concentration both factors operate leading to a complex conductivity—temperature relation. 
It might be expected that the conductivity change resulting from increased mobility of the 
micelles would be instantaneous with change of temperature whereas the change in con- 
ductivity resulting from a redistribution of micelle sizes would be a relatively slow process. 
This expectation was realised with solutions of moderate concentration where increase in 
temperature caused an initial rise in conductivity followed by a slow decrease to an equili- 
brium value. Whether the net effect with increase in temperature is an increase or a 
decrease in conductivity depends on the particular soap and on its concentration in solution. 
With the less polar soaps such as copper oleate much higher concentrations must be reached 
before the conductivity shows a net decrease with rise in temperature. 

The slow approach to an equilibrium conductivity following a change in temperature 
(Fig. 5) or in concentration provides additional evidence that the conductivity is strongly 
dependent on micelle size. The approach to equilibrium is determined by the length of 
time required for a redistribution of micelle sizes consequent on a change in temperature or 
concentration. 

Fig. 6 shows the variation of equivalent conductivity at 25° with the square root of the 
concentration for solutions of magnesium oleate in chloroform (¢ = 4-724) and toluene 
(¢ = 2-366). In the chloroform solutions the conductivities are greater as would be ex- 
pected from equation (2) and the equivalent conductivity begins to rise only at concentra- 
tions considerably higher than in toluene. This is in agreement with the experimental 
observation that with increase in the polarity of the solvent the metal soaps form smaller 
aggregates at equivalent concentrations (Nelson and Pink, Joc. cit.). 
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Some Salts of Secondary Amines and of their Condensation 
Products with Carbonyl Compounds. 


By M. LAMcHEN, W. Puau, and A. M. STEPHEN. 
[Reprint Order No. 5570.] 


Aldehydes and acetone are shown to condense with some salts of secondary 
amines, forming cations of the type [R!R*N°CR*R‘]*. Chlorostannates con- 
taining such cations have been obtained from 5 aldehydes and acetone, in 
conjunction with 10 secondary amines. Condensation occurs in the ratio 
of one mol. of carbonyl compound per mol. of amine, and the condensed salts 
have the properties expected of N-substituted salts, e.g., they hydrolyse in acid 
and alkali solutions, liberating aldehyde or ketone. The chlorostannate of 
dimethylaniline does not form such compounds, condensation being limited 
to cases where the amino-group is not tertiary. A number of new halogeno- 
antimonites and -bismuthites of dimethylamine and di-n-butylamine are 
described and some of these are shown to form similar condensation products. 


LAMCHEN, PuGH, and STEPHEN (J., 1954, 2429) have shown that aldehydes and ketones 
condense readily with the chlorostannates of A?-pyrazolines unless there is substitution 
on N,,) by an alkyl or acyl group, and it was noted that salts of piperidine, monomethyl- 
aniline, and diphenylamine react similarly. The products are ternary iminium salts 
containing the cation [R1R*C°N R°R‘]*, and this paper describes the preparation of a number 
of these compounds by interaction under mild conditions of carbonyl compounds and 
secondary amine salts. 

A few salts of this type appear to have been reported, e.g., the methochloride of cin- 
namylideneaniline (prepared from cinnamaldehyde and methylaniline in acid solution) and 
the derived chloroplatinate (Zincke and Wiirker, Annalen, 1905, 338, 133); the instability 
of these products towards hydrolysis was noted. Glutacondialdehyde condensed similarly, 
forming a cyanine dye, but other aldehydes failed to react under the conditions used. On 
the other hand, it is well known that anhydro-salts containing the iminium ion, similar 
in nature to those described in this paper, are formed from pseudo-bases such as cotarnine 
and berberine in acid solution. 

Although they have never been isolated, compounds of the type R,C:NR,*}X~ have 
been suggested as intermediates in a number of reactions, notably that of Knoevenagel 
where secondary amine salts are employed as catalysts (Bergstrom, Chem. Reviews, 1944, 
35, 240), the catalytic decomposition of aldol by secondary amines wherein the dipolar 
immonium ion ~CH,*C(-NR,*)-CH, is involved (Ingold, “ Structure and Mechanism in 
Organic Chemistry,’”’ Cornell Univ. Press, New York, 1953, p. 685), and an example of the 
Mannich reaction (Bergstrom, Joc. cit., p. 188) in which the existence of CH,:-NEt,* has been 
tentatively postulated (cf., however, Alexander and Underhill, ]. Amer. Chem. Soc., 1949, 
71, 4014). Inrecent publications (Adams, “‘ Organic Reactions,’’ J. Wiley and Sons, Inc., 
New York, 1949, Vol. V, Chap. 7 by Moore; de Benneville and Macartney, J. Amer. Chem. 
Soc., 1950, 72, 3073) there is no suggestion that such cations take part in the Leuckart 
alkylation of secondary amines by carbonyl compounds in formic acid, but this reaction 
involves linkage of a carbonyl-carbon atom to nitrogen in much the same way as in the 
condensations described below. 

Acetaldehyde, phenylacetaldehyde, butyraldehyde, benzaldehyde, crotonaldehyde, 
cinnamaldehyde, and acetone have now been used in reactions with the chlorostannates of 
the following secondary amines: dimethylamine (10-7), di-n-butylamine (11-2), piperidine 
(11-2), morpholine (8-7), (--)-ephedrine (ca. 10), 1 : 2: 3 : 4-tetrahydro¢soquinoline (ca. 11), 
1: 2:3:4-tetrahydroquinoline (5-0), 1: 2:3: 4-tetrahydro-6-methylquinoline, methylaniline 
(4-4), and diphenylamine (0-9). Figures in parentheses are pK, values, an inverse relation 
being expected between the basic strength of an amine and its ability to condense at low 
pH; this has been qualitatively borne out, although steric factors and solubility relations 
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affect the reaction and the ease of isolation of condensed salts. Warm ethanol, methanol, 
or water was the usual solvent but sometimes pure aldehyde or ketone served this purpose. 
Cinnamaldehyde, in keeping with its high reactivity towards ammonia and primary 
aromatic amines (Sprung, Chem. Reviews, 1940, 26, 307, 325) and the stabilising effect of a 
conjugated system in the condensed products, was the most satisfactory of the aldehydes 
used and formed new compounds in alcohol with all the amine salts named except the 
first two; with some of the aromatic amines there is a possibility that reaction occurred 
at some other part of the molecule as well as at the amino-group. By contrast, salts of the 
relatively strong bases dimethylamine and di-7-butylamine gave condensation products with 
undiluted cinnamaldehyde only. Acetaldehyde and crotonaldehyde afforded numerous 
products, the less reactive benzaldehyde only few. Acetone condensed with salts of the 
very weak bases only. None of the secondary amine salts gives products with quite the 
same facility as pyrazolinium salts do (Lamchen, Pugh, and Stephen, Joc. cit.), but their 
‘mode of reaction is probably the same as is suggested in the earlier paper. 

While there is little doubt that condensation occurs on nitrogen in the aliphatic and 
alicyclic amine salts, there is some uncertainty in formulating the products from mono- 
methylaniline, tetrahydroquinoline, and diphenylamine. These bases are known to com- 
bine with carbonyl compounds in the presence of acid catalysts to give substituted di- or 
tri-arylmethanes, through reaction at the /-position with respect to the amino-group. 
1: 2:3:4-Tetrahydroquinoline and its N-methyl derivative condense in this way with 
substituted benzaldehydes on heating for long periods in concentrated hydrochloric acid, 
there being no reaction if C;,) is blocked by a nitro-group (which, incidentally, deactivates 
the whole of the aromatic ring). Diphenylamine and N-methyldiphenylamine have been 
heated with formaldehyde-hydrochloric acid and benzaldehyde respectively to give similar 
products containing aldehyde and amine combined in the ratio 1 : 2 (Einhorn, Ber., 1886, 
19, 1243; Sen and Sen, J. Indian Chem. Soc., 1930, 7, 965). In some instances the initial 
addition compound formed in this kind of reaction has been isolated, e.g., monomethyl- 
aniline and chloral hydrate yielded ~-NHMe-C,H,*CH(OH)-CCI, (Boessneck, Ber., 1888, 
21, 782). It follows that a plausible formulation of Zincke and Wiirker’s compound (loc. 


cit.) is (1) 


~)_CHICH:CH \=NHMe Cl- 
¢: <_>=NHMe Cl- (1) 


4 


and analogous quinonoid structures could be written for our compounds derived from mono- 
methylaniline, tetrahydroquinoline, and diphenylamine; these compounds could all arise 
by loss of a molecule of water from alcoholic addition products of the above type in the 
presence of acid. Such a possibility is, however, discounted on the following grounds : (i) 
the condensation products, described in this paper as iminium salts, are easily hydrolysed 
in acid and are clearly different in character from those just noted which are formed, by 
the linkage of carbon to carbon, on long boiling with acids; and (ii), whereas dimethylaniline 
fails to condense with cinnamaldehyde or acetone under acid conditions similar to those used 
in preparing derivatives from monomethylaniline, the chlorostannate of tetrahydro-6- 
methylquinoline reacts with cinnamaldehyde with very great ease to give a product similar 
in properties to the derivative made from tetrahydroquinoline. As found with the pyr- 
azolines, it is conversion of the secondary into a tertiary amino- group that prevents the 
type of condensation noted in our experiments. 

We have accordingly formulated all our condensation products as iminium salts. 
The presence of a C:N double bond introduces the possibility of geometrical isomerism 
where pairs of dissimilar groups are involved. Further, the salts named below as ethylidene 


+ + 
(IIa) CH,CH:NR'R}X- CH,:CH:NHR'R3X~- (IIb) 


derivatives (IIa) may in fact exist in the solid state as the tautomeric enamine salts (11d), 
which would be hydrolysed with similar ease to liberate acetaldehyde (Mannich and 
Davidsen, Ber., 1936, 69, 2106). Detailed hydrolysis studies and crystal-structural 
examination might distinguish between these formule. 
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With a single exception (the double salt of morpholine) all the chlorostannates prepared 
have been of the normal type containing 6-covalent tin (cf. Schaffer, Acta Cryst., 1954, 7, 
242, who describes the crystal structure of dihydrazinium hexachlorostannate). In 
addition a number of complex halogeno-antimonites and -bismuthites of dimethylamine 
and di-n-butylamine have been made from aqueous-acetone solutions; in no case was 
condensation observed, but when certain of these salts were dissolved in cinnamaldehyde 
cinnamylidene derivatives were formed as from chlorostannates. The naming of the 
complex anions is without prejudice as to the actual existence of these ions (cf. Pugh, /., 
1954, 1385). 


EXPERIMENTAL 


Analytical Methods.—Metals were estimated by methods already reported (Pugh ef al., J., 
1952, 4138; 1953, 3445), and halogens by Volhard’s method. Difficulties were, however, 
encountered in applying these methods to the cinnamylidene and benzylidene compounds, 
because they yielded insoluble products on boiling with acids or alkalis, and in some instances 
because the liberated aromatic amine was nitrated easily, giving yellow or brown colours which 
made it impossible to detect the end-point on Volhard titration. In these cases, the salts 
were dissolved by stirring the sample vigorously with 2N-sodium hydroxide (halogen-free; 5 c.c.) 
and acetone (5 c.c.); tin was precipitated as hydroxide, after dilution and boiling, by careful 
neutralisation with hydrochloric acid and ammonia (methyl-orange), and chloride was estimated 
in a separate sample, dissolved in the same way, after extraction with ether to remove aldehyde 
and free base. As previously repoted, the carbon values for compounds containing tin and 
chlorine tend to be low. 

General Methods of Preparation.—The salts of dimethylamine and di-n-butylamine were made 
by crystallisation from warm aqueous-acetone solutions containing the amine, metal halide, 
and the corresponding halogen acid. Stannic chloride pentahydrate and bismuth iodide were 
available as solids, antimony and bismuth chlorides and bromides as concentrated solutions 
obtained by dissolving the metal oxides in the minimum of concentrated acid. The complex 
salts crystallised readily from solutions containing 50—80% of acetone by volume. In a few 
cases, oils separated at first but these crystallised slowly at 0°, and the crude products were 
recrystallised from acetone, in which they are readily soluble. The chlorostannates of 
morpholine, ephedrine, tetrahydroquinoline, tetrahydrozsoquinoline, tetrahydro-6-methyl- 
quinoline, and dimethylaniline were crystallised from hydrochloric acid solutions containing 
the amine (2 mols.) and stannic chloride (1 mol.). 

Condensation products of salts of dimethylamine and di-n-butylamine were obtained from 
solutions of these salts in undiluted aldehyde only, but chlorostannates derived from the other 
amines were generally obtained from warm ethanolic, methanolic, or aqueous solutions of the 
salts, after addition of aldehyde or ketone. Some of the products crystallised on cooling, others 
were precipitated with ether. The solids were collected by filtration and washed first with 
ether containing a little of the carbonyl compound and then with ether. 

General Properties of the Condensation Products.—-These products are similar to the corre- 
sponding pyrazolinium and ketazinium salts described earlier (Lamchen, Pugh, and Stephen, 
loc. cit.). The chlorostannates are crystalline and colourless, except those derived from «$- 
unsaturated aldehydes which are yellow to red. The latter also seem to be more stable, for, 
while the salts derived from saturated aldehydes and acetone dissolve easily, with decomposition, 
in water, dilute acids, and alkalis, the cinnamylidene derivatives are difficult to bring into solu- 
tion. All the iminium salts, however, yield precipitates of the expected aldehyde or ketone 
2 : 4-dinitrophenylhydrazone within a few minutes of their being added to a cold solution of 
the reagent in 2N-hydrochloric acid. They are hydrolysed slowly even in moist air, often 
smelling of aldehyde, but they do not lose weight (unless solvated as well) on being heated in a 
dry atmosphere to 100°. 

Some Complex Salts of Dimethylamine and Di-n-butylamine and their Reactions with Carbonyl 
Compounds.—Bisdimethylammonium hexachlorostannate has been described by Ries (Z. 
Krist., 1882, 36, 332); it was made (m. p. 297°) for the present purpose by crystallisation from 
a mixture of dimethylamine (2 mols.) and stannic chloride (1 mol.) in hydrochloric acid. Bisdi- 
n-butylammonium hexachlorostannate, as a monohydrate, has also been described (Berg, 
Compt. rend., 1891, 112, 437), but without an analysis. The salt made in the same way in these 
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laboratories, however, has always been the dihydrate. Neither of these salts, nor any of the 
the other salts of these bases described below, condensed with acetone when they were crystal- 
lised from acetone (cf. salts of methylaniline and diphenylamine, p. 4424; pyrazolinium 
salts, Lamchen, Pugh, and Stephen, Joc. cit.). 

Bisethylidenedimethyliminium hexachlorostannate. To bisdimethylammonium hexachloro- 
stannate (1 g.), dissolved in a few drops of hot water, was added acetaldehyde (15 c.c.). The 
mixture boiled vigorously and on cooling yielded colourless crystals of the very hygroscopic 
ethylidenedimethyliminium salt, m. p. indefinite from 140° [Found: Cl, 44-6; Sn, 24-8. 
(C,H, )N),SnCl, requires Cl, 44-7; Sn, 25-0%]. A solution of the salt treated with 2 : 4-dinitro- 
phenylhydrazine gave the characteristic 2: 4-dinitrophenylhydrazone, m. p. 146°, of acet- 
aldehyde. 

Biscinnamylidenedimethyliminium hexachlorostannate. Bisdimethylammonium hexachloro- 
stannate (1 g.) was dissolved in hot cinnamaldehyde (4 c.c.), and the cooled solution was treated 
with ether. The yellow crystalline salt, washed with ether and dried in vacuo at 100°, had m. p. 
245—250° (decomp.) [Found: C, 40-8; H, 4-6; Cl, 32-9; Sn, 18-2. (C,,H,,N),SnCl, requires 
C, 40-6; H, 4:3; Cl, 32-7; Sn, 18-3%]. 

Pentakisdimethylammonium tetradecabromotriantimonite. This salt separated as the di- 
hydrate, yellow needles, m. p. 267°, from dimethylamine (3 mols.) and antimony tribromide 
(1 mol.) in acetone—hydrobromic acid [Found, in material dried in air: Br, 64:2; Sb, 20-9. 
(C,H,N),Sb,Br,,,2H,O requires Br, 64:2; Sb, 20-9%]. Desiccation (H,SO,) im vacuo at 20° 
(Found: loss, 2:3. Required: loss, 2-1%) yielded the anhydrous salt, m. p. 267° (partial 
sublimation) [Found: Br, 65-6; Sb, 21-5. (C,H,N),;Sb,Br,, requires Br, 65-4; Sb, 21:4%]. 
This may be a double salt, e.g., (C,H,gN),SbBr,,2C,HgNSbBry. 

Trisdimethylammonium hexabromobismuthite. Dimethylamine (3 mols.) and bismuth tri- 
bromide (1 mol.) in acetone-hydrobromic acid gave creamy-yellow needles of the hexabromo- 
salt, m. p. 265—267° [Found: Br, 58-1; Bi, 25-2. (C,H,N),BiBr, requires Br, 58-0; Bi, 
25-3%]. 

Bisdi-n-butylammonium hexachlorostannate. Di-n-butylamine (2 mols.), treated with a 
small excess of concentrated hydrochloric acid and stannic chloride pentahydrate (1 mol.), 
gave an oil which crystallised after several days at 0°. The crude salt was recrystallised from 
90% acetone, yielding colourless needles of the dihydrate, m. p. 72° [Found, in material dried in 
air: C, 30-4; H, 6-9; Cl, 34:0; Sn, 18-8; loss at 110°, 5-9. (CgHggN),SnCl,,2H,O requires 
C, 30-6; H, 7-0; Cl, 33-9; Sn, 18-9; H,O, 5-7%]. Desiccation (H,SO,) 7m vacuo at 20° gave 
the anhydrous salt, m. p. 156—157° [Found: Cl, 36-2; Sn, 20-1. (CgHgN),SnCl, requires 
Cl, 36-0; Sn, 20-1%]. 

Bisdi-n-butylcinnamylideneiminium hexachlorostannate. Bisdi-n-butylammonium hexa- 
chlorostannate (1 g.) was dissolved in hot redistilled cinnamaldehyde (4 c.c.) and to the cooled 
solution dry ether was added; the reddish oil which separated was then rubbed vigorously with 
ether, yielding the yellow cinnamylidene derivative, m. p. 140—147° after drying in vacuo at 
20° [Found : C, 48-6; H, 6-8; Cl, 26-0; Sn, 14:4. (C,,;H.gN).SnCl, requires C, 49-8; H, 6-4; 
Cl, 26-0; Sn, 14:5%]. 

Bisdi-n-butylammonium hexabromostannate. Stannic chloride pentahydrate (4 g.) was 
evaporated repeatedly to small bulk with concentrated hydrobromic acid, and di-n-butylamine 
(3 g.) and acetone (10 c.c.) were then added. The clear yellow solution separated on cooling 
into two layers, and the lower layer gave soft yellow crystals after several days at 0°. The 
crude salt was recrystallised from dilute hydrobromic acid containing a little acetone, and then 
had m. p. 100° [Found: Br, 55-8; Sn, 13-6. (CgH. )N),SnBr, requires Br, 55-9; Sn, 13-8%]. 
It is exceedingly soluble in water and in aqueous acetone and, like the hexachlorostannate, it 
crystallises unchanged from ethanol containing cinnamaldehyde. 

Bisdi-n-butylammonium pentachloroantimonite. Di-n-butylamine (3 mols.) and antimony 
trichloride (1 mol.) were dissolved in the minimum of warm concentrated hydrochloric acid— 
acetone (1 : 2 v/v); colourless platelets, m. p. 127—128°, of the pentachloroantimonite separated 
on cooling [Found: C, 35-0; H, 7-2; Cl, 31:8; Sb, 21-8. (CgHygN),SbCl, requires C, 34:3; 
H, 7-2; Cl, 31-7; Sb, 21:8%]. It is readily soluble in ethanol and when a warm solution was 
treated with cinnamaldehyde the salt crystallised unchanged ; on addition of ether to a solution 
in the aldhyde, however, an impure cinnamylidene derivative separated. 

Trisdi-n-butylammonium hexabromoantimonite. Warm solutions of mixtures of di-n-butyl- 
amine (3 mols.) and antimony tribromide (1 mol.) in hydrobromic acid gave two phases; the 
lower oily layer crystallised slowly at 0°. The pure sa/t was obtained as soft yellow crystals 
by recrystallisation from acetone, in which it is very soluble [Found: Br, 48-4; Sb, 12:3. 
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(C,H,)N),SbBr, requires Br, 48-4; Sb, 12-3%]. It melts over the range 120—200°, possibly 
because it decomposes into a mixture of simpler salts. 

Di-n-butylammonium tetrabromoantimonite. Mixtures of di-n-butylamine (1 mol.) and 
antimony tribromide (1 mol.) in hydrobromic acid behaved in the same way as the above, and 
the pure salt obtained by recrystallisation from acetone and drying in air was the monohydrate. 
It forms soft, yellow crystals, m. p. 159—160° [Found: Br, 53-9; Sb, 20-4. CgH,)NSbBr,,H,O 
requires Br, 54:2; Sb, 20-6%]. Desiccation (H,SO,) im vacuo at 20° (Found: loss, 3-0. 
Required : loss, 3-0%) gave the anhydrous tetrabromoantimonite (Found: Br, 56-2; Sb, 21-4. 
C,H,,NSbBr, requires Br, 56-0; Sb, 21-4%). 

Trisdi-n-butylammonium hexachlovobismuthite. Mixtures of di-n-butylamine (1 mol). and 
bismuth chloride (1 mol.) in acetone—hydrochloric acid yielded, not the expected tetrachloro- 
bismuthite, but the hexachlorobismuthite, as white granular crystals, m. p. 161—163° [Found : 
C, 35-9; H, 7-4; Cl, 26-1; Bi, 25-7. (C,H,9N),BiCl, requires C, 35-6; H, 7-4; Cl, 26-2; Bi, 
25:8%]. Addition of ether to a solution of this salt in cinnamaldehyde caused an oil to separate 
which crystallised as a yellow solid on rubbing with ether. Although it could not be obtained 
analytically pure, this substance was undoubtedly a cinnamylidene derivative of the penta- 
chlorobismuthite, 7.e., (C,;H,,N),BiCl;. 

Di-n-butylammonium tetrachlorobismuthite. Partial evaporation of the mother-liquors from 
the preparation of the hexachlorobismuthite described above, followed by small additions of 
acetone, yielded white crystals of the tetrachlorobismuthite, m. p. 209—-211° (decomp.) (Found : 
Cl, 29-6; Bi, 43-3. CgH,,NBiCl, requires Cl, 29-5; Bi, 43-5%). 

Trisdi-n-butylammonium hexabromobismuthite. In this case also, mixtures of di-n-butyl- 
amine (1 mol.) and bismuth bromide (1 mol.) in hydrobromic acid—acetone yielded the hexabromo- 
bismuthite, not the expected tetrabromo-salt, as pale yellow granular crystals, m. p. 160—162° 
(Found: Br, 44-6; Bi, 19-4. (C,H,,N),BiBr, requires Br, 44-5; Bi, 19-4%]. An attempt to 
condense this salt with cinnamaldehyde by boiling a portion with ethanol and excess of the 
aldehyde led to separation of the original salt. 

Pentakisdi-n-butylammonium tetradecaiodotribismuthite. Di-n-butylamine (1 mol.) and 
bismuth tri-iodide (1 mol.) were dissolved in warm acetone containing a small excess of hydriodic 
acid; the resulting deep red solution yielded well-formed scarlet granules, m. p. 161—162° 
(Found: I, 58-3; Bi, 20-6. (C,H,9N),Bi,I,, requires I, 58-2; Bi, 20-5%]. This salt may also 
be a double salt, e.g., (CgH, N),Bil,,2C,H,.N Bil. 

Condensation of Dipiperidinium Hexachlorostannate with Aldehydes.—Piperidinium chloro- 
stannate has been described by Hjértdahl (Z. Krist., 1878, 3, 300). A pure sample, m. p. 241°, 
was made from piperidine (2 mols.), hydrochloric acid, and stannic chloride pentahydrate (1 mol.) 
and the following condensation products were obtained. 

Bis-(1-ethylidenepiperidinium) hexachlorostannate. To piperidinium chlorostannate in the 
minimum of hot water was added a large excess of acetaldehyde, and the clear solution was 
kept for 1 day at —5°. Colourless elongated prisms separated, m. p. 185° (darkening)—195° 
(red melt) [Found, in material dried im vacuo: Cl, 38-3; Sn, 21-2. (C,H,,N),SnCl, requires 
Cl, 38-4; Sn, 21-49%]. From a specimen of this salt the 2 : 4-dinitrophenylhydrazone of acet- 
aldehyde was prepared. 

Bis-(1-but-2’-enylidenepiperidinium) hexachlorostannate. Piperidinium  chlorostannate, 
treated in ethanol with an excess of crotonaldehyde, yielded pale yellow prisms, m. p. 193° 
(decomp.), of the crotonylidene derivative [Found: C, 34:8; H, 4-8; Cl, 35:2; Sn, 19-3. 
(CsH,,N),SnCl, requires C, 35-5; H, 5:2; Cl, 35-1; Sn, 19-5%]. 

Bis-(1-cinnamylidenepiperidinium) hexachlorostannate. On adding cinnamaldehyde (2 c.c.) 
to a solution of dipiperidinium hexachlorostannate (1 g.) in ethanol (5 c.c.) containing a drop 
of water, a deep yellow solution was obtained which crystallised only after several weeks at 0°. 
Subsequent preparations, however, took only a few hours after seeding, yielding yellow crystals 
of the cinnamylidene derivative, m. p. 233° (decomp.) after being dried at 100° im vacuo [Found : 
C, 46-2; H, 4:9; Cl, 29-1; Sn, 16-3. (C,4H,,N),SnCl, requires C, 45-9; H, 4-9; Cl, 29-1; 
Sn, 16-2%]. 

These were the only pure condensed salts obtained from piperidinium chlorostannate. When 
acetone and butyraldehyde were used, the original salt was recovered. Phenylacetaldehyde in 
ethanol gave a product which was probably a mixture of the condensed and uncondensed salts 
from which a pure specimen of the condensed salt could not be separated. 

Dimorpholinium Hexachlorostannate and its Condensation Products with Aldehydes.— 
Dimorpholinium hexachlorostannate was obtained by partial evaporation of a solution containing 
concentrated hydrochloric acid (12 cc.), stannic chloride pentahydrate (20 g.), and morpholine 
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(10 g.); it forms colourless prisms, m. p. 240° (decomp.) [Found, in air-dried material : Cl, 42-0; 
Sn, 23-3. (CyH,gON),SnCl, requires Cl, 42-0; Sn, 23-4%]. It is partly decomposed in solution : 
aqueous-acetone solutions deposit crystals of morpholinium chloride, but solutions in aqueous 
ethanol, in acetone-ethanol (1:1), in butyraldehyde-ethanol, and in benzaldehyde, deposit 
large rhombic plates and needles of a double salt, m. p. 223—225° [Found, in air-dried material : 
C, 24-6; H, 5-8; Cl, 37-7; Sn, 15-8. (CyHygON),SnCl,,2C,H,,ONCI requires C, 25-4; H, 5:3; 
Cl, 37-6; Sn, 15:8%]. There was no evidence of condensation with acetone, butyraldehyde, 
or benzaldehyde in the processes described above, or when the chlorostannate in ethanol was 
treated with phenylacetaldehyde. 

Bis-(4-ethylidenemorpholinium) hexachlorostannate. On addition of excess of acetaldehyde 
to morpholine chlorostannate in the minimum of water an oil separated which solidified slowly 
at —5°. The colourless condensed salt, obtained by rubbing the solid with dry ether containing 
acetaldehyde, was dried in vacuo at room temperature; it had m. p. 1388—140° (decomp.) [Found : 
Cl, 37-9; Sn, 21-2. (CgH,,ON),SnCl, requires Cl, 38-0; Sn, 21-3%]. 

Bis-(4-but-2’-enylidenemorpholinium) hexachlorostannate. Cooling a warm ethanolic solution 
of morpholinium chlorostannate containing crotonaldehyde gave yellow prisms, m. p. 188—189° 
(Found: C, 30-6; H, 4:8; Cl, 34:3; Sn, 19-2. (C,H,,ON),SnCl, requires C, 31-4; H, 4-6; 
Cl, 34:8; Sn, 19-4%]. This salt smells of crotonaldehyde in moist air and decomposes readily 
in dilute sodium hydroxide solution. 

Bis-(4-cinnamylidenemorpholinium) hexachlorostannate. Morpholinium chlorostannate (1 g.) 
in ethanol (5 c.c.), containing sufficient hydrochloric acid to give a clear solution, was treated 
with cinnamaldehyde (2 c.c.). The yellow precipitate which formed was washed with ether- 
cinnamaldehyde and then ether, and dried at 20° in vacuo [Found: C, 41-1; H, 4:2; Cl, 28-7; 
Sn, 16-2. (C,3;H,,ON),SnCl, requires C, 42-4; H, 4-3; Cl, 28-9; Sn, 16-1%]. This salt, m. p. 
222°, dissolves with difficulty in acids and alkalis. 

Bisephedrinium Hexachlorostannate and its Condensation Product with Acetaldehyde.—Crystal- 
lisation of mixtures of (-+)-ephedrine (2 mols.) and stannic chloride (1 mol.) from hydrochloric 
acid, followed by washing with concentrated hydrochloric acid, yielded colourless needles of 
bisephedrinium hexachlorostannate, m. p. 187—188° [Found, in material dried at 100° in vacuo: 
Cl, 32-0; Sn, 17-9. (CygH,,ON),SnCl, requires Cl, 32:0; Sn, 17-9%]. When ether was added 
to a solution of this salt in warm cinnamaldehyde an oil was obtained which yielded a yellow 
powder on being rubbed with several changes of ether. This product contained tin and chlorine 
in the ratio 1 : 6-0, and 1-5 mols. (approx.) of aldehyde per mol. of amine; it had properties in 
common with other cinnamylidene derivatives described here. It was possibly a condensation 
product of normal type (1: 1) with additional aldehyde condensed or present as solvate. 

Bis-(N-ethylidene-ephedrinium) hexachlorostannate. When ephedrinium chlorostannate was 
dissolved in pure acetaldehyde, the solution almost immediately deposited colourless needles, 
m. p. 175°, of the ethylidene derivative. This was washed with dry ether and dried at 56° in 
vacuo [Found: Cl, 29-8; Sn, 16-8. (C,,H,,ON),SnCl, requires Cl, 29-8; Sn, 16-6%]. The 
salt smells of acetaldehyde and dissolves readily in water. The 2: 4-dinitrophenylhydrazone 
of acetaldehyde was prepared from a sample of the salt. 

Bis-(1: 2:3: 4-tetrahydroisoquinolinium) Hexachlorostannate and Some Condensation Products. 
—Colourless needles, m. p. 258—259°, of this hexachlorostannate were obtained from a hydro- 
chloric acid solution of the hydrochloride of the base (2 mols.) and stannic chloride (1 mol.) ; 
the salt was recrystallised from dilute hydrochloric acid and dried at 100° im vacuo [Found : 
Cl, 35-1; Sn, 20-0. (CysH,,N),SnCl, requires Cl, 35-5; Sn, 19-8%]. When this salt was refluxed 
with ethanol—benzaldehyde (1 : 5) for 3 hr. and the solution cooled to 0°, white crystals, m. p. 
226—230°, were obtained which, washed with ether and dried at 100° in vacuo, smelled of benzal- 
dehyde in moist air and gave a strong positive test for the aldehyde in acid solution. A benzyl- 
idene derivative was evidently formed, but the sample was somewhat contaminated {Found : 
Cl, 28-4. Calc. for (C}gH,,N),SnCl,: Cl, 27-5%]. 

Bis-(2-ethylidene-1 : 2: 3: 4-tetrahydroisoquinolinium) hexachlorostannate. When _bis- 
(1: 2: 3: 4-tetrahydrozsoquinolinium) hexachlorostannate (1 g.) was dissolved in acetaldehyde 
(25 c.c.), the solution crystallised almost immediately; the pale yellow salt, washed with dry 
ether and dried at 100° in vacuo, had m. p. 126° [Found: C, 40-0; H, 4:3; Cl, 32-5; Sn, 18-4. 
(C,,H,,N),SnCl, requires C, 40-3; H, 4-3; Cl, 32-7; Sn, 18-3%]. 

Bis-(2-cinnamylidene-1 : 2: 3: 4-tetrahydroisoquinolinium) hexachlorostannate. This salt was 
obtained initially as a sticky yellow solid on addition of ether to a solution of the chlorostannate 
of 1: 2: 3: 4-tetrahydrotsoquinoline (1 g.) in warm cinnamaldehyde (4 c.c.); after recrystal- 
lisation from ethanol containing cinnamaldehyde and being washed with dry ether, it formed a 
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yellow powder [Found, in material dried at 80° im vacuo: C, 51-1; H, 4:4; Cl, 26-0; Sn, 14:3. 
(Cy3H,,N),SnCl, requires C, 52-1; H, 4:3; Cl, 25-7; Sn, 14-4%]. The sample had no sharp 
m. p., forming a viscous mass at ca. 136°. 

Bis-(1: 2:3: 4-tetrahydroquinolinium) hexachlorostannate. By mixing the hydrochloride of 
the base (2 mols.) with stannic chloride (1 mol.) in dilute aqueous hydrochloric acid and recrystal- 
lising the colourless product from dilute hydrochloric acid containing a little stannic chloride, 
this salt was prepared as colourless prisms, m. p. ca. 250° (decomp.) [Found : Cl, 35-1; Sn, 20-0. 
(C,H,,N),SnCl, requires Cl, 35-5; Sn, 19-8%]. 

The above chlorostannate was kept at 0° in methanol solution with excess of cinnamaldehyde, 
whereupon a reddish-yellow substance separated, having m. p. 157—158° (decomp.) and giving 
a strong positive reaction for cinnamaldehyde in acid silution [Found: Cl, 25-0. Calc. for 
(C,gsH,,N),SnCl, : 25-7%]. 

No condensation products could be isolated on treating a solution of the chlorostannate in 
ethanol—methanol mixtures with butyraldehyde, crotonaldehyde, benzaldehyde, or acetone. 
With phenylacetaldehyde, the mother-liquor was green but there crystallised a nearly colourless 
product which gave a positive test for aldehyde. The chloride content was 1-7% low for the 
pure phenylethylidene derivative. 

Bis-(1: 2: 3: 4-tetrahydro-6-methylquinolinium) hexachlorostannate. Reduction of 6-methyl- 
quinoline with sodium and boiling ethanol (cf. Oldham and Johns, J. Amer. Chem. Soc., 1939, 
61, 3289) yielded 1 : 2: 3: 4-tetrahydro-6-methylquinoline, n?> 1-5870, which solidified on storage. 
The hydrochloride, m. p. 186° (lit., m. p. 189°), was converted into the hexachlorostannate, 
m. p. 245—247°, in the usual way (Found, in material dried at 80° im vacuo: Cl, 34-2. 
(Cy9H,,N),SnCl, requires Cl, 33-9%]. 

Bis-(1-cinnamylidene-1 : 2 : 3: 4-tetrahydro-6-methylquinolinium) hexachlorostannate. Addi- 
tion of cinnamaldehyde to the chlorostannate (prepared as above), dissolved in a large excess 
of cold methanol, gave a deep red solution from which a vermilion cinnamylidene derivative 
separated within 2 min. After being washed with dry ether and dried in vacuo at 100° to 
constant weight (5 hr.), the orange-brown product had m. p. 175—176° (decomp.) [Found : 
C, 52-4; H, 4-6; Cl, 24-8; Sn, 13-9. (C,H, )N),SnCl, requires C, 53-2; H, 4-7; Cl, 24-9; Sn, 
13-9%)]. 

Condensation of Bismethylanilinium Hexachlorostannate with Carbonyl Compounds.- 
Hydrogen chloride gas was passed into a solution containing monomethylaniline (2 mols.) and 
stannic chloride (1 mol.) in boiling dry acetone under reflux. The solution was cooled, and the 
solid which separated was recrystallised by careful addition of ether to its solution in warm 
acetone-ethanol, yielding bis(methylisopropylideneantlinium) hexachlorostannate as colourless 
crystals, m. p. 227—-229° (decomp.) [Found, in material dried at 80°: C, 37-5; H, 4-6; Cl, 34-0; 
Sn, 18-9; CsH,O, 18-6. (C,9H,,N),SnCl, requires C, 38-2; H, 4:5; Cl, 33-9; Sn, 18-9; C,H,O, 
18:5%]. Acetone was determined by Messinger’s method (Goodwin, J. Amer. Chem. Soc., 
1920, 42, 39). When aqueous hydrochloric acid was used instead of hydrogen chloride gas, the 
product was contaminated by the chlorostannate and chloride of monomethylaniline, and in an 
attempt to increase the yield of the desired condensation product, a quantity of zinc chloride 
equal to the weight of stannic chloride present was added to the reagents; in this case, however, 
the chlorostannate of monomethylaniline (m. p. 250°) crystallised. 

Cinnamaldehyde (1 c.c.) was added to a solution of monomethylaniline hydrochloride (1 g.) 
and stannic chloride (1 c.c.) in hot ethanol (30 c.c.) containing a few drops of water, whereupon 
an oil separated. When the aldehyde was added slowly in ethanol solution, however, a sticky 
yellow solid was precipitated which, after recrystallisation from hot ethanol containing a little 
cinnamaldehyde, afforded bis(cinnamylidenemethylanilinium) hexachlorostannate as a yellow 
powder, m. p. 195—198° (decomp.) [Found: C, 48-6; H, 4-4; Cl, 27-4; Sn, 15-3; C,H,O, 32-0. 
(CygH,,N),SnCl, requires C, 49-6; H, 4:2; Cl, 27-5; Sn, 15-3; C,H,O, 34:0%]. Cinnamalde- 
hyde was estimated gravimetrically as 2 : 4-dinitrophenylhydrazone. 

Addition of ether to the dark orange solution obtained by heating monomethylaniline 
hydrochloride (2 g.), stannic chloride (2 c.c.), dry ethanol (10 c.c.), and benzaldehyde (3 c.c.) 
under reflux for 1 hr. caused the separation of lemon-yellow crystals, m. p. 240° after having 
been washed with ethanol—ether and dried in vacuo. The product was a hexachlorostannate 
containing benzaldehyde residues and monomethylaniline in the ratio 3:2. A fraction only 
of the benzaldehyde residues could be liberated by warming with dilute acid. 

Considerable heat was evolved when acetaldehyde was added to the chlorostannate of mono- 
methylaniline dissolved in cold methanol, and treatment of the resulting solution with ether gave 
an impure ethylidene derivative. 
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Condensation of Bisdiphenylammonium Hexachlorostannate with Acetone and with Cinnam- 
aldehyde.—When a warm solution containing diphenylamine (2 g.), stannic chloride pentahydrate 
(4 g.), concentrated hydrochloric acid (1 c.c.), and acetone (20 c.c.) was cooled, there separated 
colourless needles of bis(diphenylisopropylideneiminium) hexachlorostannate, m. p. 270° 
(vigorous decomp.) [Found, in material dried at 20° im vacuo: C, 47:0; H, 4:3; Cl, 28-3; 
Sn, 15-8; C,H,O, 16-2. (C,;H,,N).SnCl, requires C, 48-0; H, 4:3; Cl, 28-3; Sn, 15-8; C,H,O, 
15:5%]. The same product was obtained by passing hydrogen chloride into dry acetone con- 
taining diphenylamine and anhydrous stannic chloride. It suffers no loss in weight at 100° 
in vacuo, is readily soluble (liberating acetone) in water, and is decomposed by aqueous sodium 
hydroxide with separation of diphenylamine. 

Addition of cinnamaldehyde to solutions of diphenylamine hydrochloride (2 mols.) and 
stannic chloride (1 mol). in methanol, ethanol, or aqueous ethanol caused darkening and separ- 
ation of yellow-brown or orange powders or oils. Despite the extreme difficulty in working up 
the products, m. p. ca 202° (decomp.), their composition was remarkably constant, indicating 
the presence of tin and chloride in the ratio 1 : 5-3 together with aldehyde residues and diphenyl- 
amine in the ratio 5: 2. 

Of all the products described here, the above derivative, the corresponding compound from 
ephedrine, and the benzylidene derivative of methylaniline are the only ones which are of uncer- 
tain constitution. Further work on these compounds is in progress. 

Bisdimethylanilinium Hexachlorostannate.—Attempts to make condensation products with 
carbonyl compounds. Druce (Chem. News, 1919, 118, 89) has described a chlorostannate of 
dimethylaniline, m. p. 116°. In our preparations, this salt has been obtained from aqueous 
media as the monohydrate, which loses its water of hydration below 100° (without melting) and 
then melts at 170—171° [Found: Cl, 35-8; Sn, 19-9; loss at 100°, 3:0. (C,H,,N),SnCl,,H,O 
requires Cl, 35-8; Sn, 20-0; H,O, 3:0%]. The anhydrous salt (m. p. 170—171°) was obtained 
by mixing solutions of dimethylaniline hydrochloride and stannic chloride in anhydrous ethanol, 
and also by passing dry hydrogen chloride into a dry ethanol solution of the free base and 
stannic chloride [Found : Cl, 36-9; Sn, 20-7. Calc. for (CgH,,N),SnCl,: Cl, 37-0; Sn, 20-7%]. 

With cinnamaldehyde in warm aqueous ethanol it forms deep red solutions which deposit 
dark red, water-soluble crystals; on being heated in a m. p. tube they become colourless at 
ca. 130° and melt at 169—171°, the residue being free from cinnamaldehyde. Analysis shows 
the red crystals to be the above-described monohydrate contaminated with traces of cinnam- 
aldehyde, probably adsorbed, as much of the impurity is removed by washing with ethanol. 

When ethanol solutions of the chlorostannate of dimethylaniline, or of mixtures of the simple 
salts, or of dimethylaniline, stannic chloride, and hydrogen chloride, were treated with acetone, 
flat platelets were obtained which varied in colour from cream to yellow or orange. All samples 
prepared dissolved readily in water, contained acetone, and had identical composition; all 
became colourless at ca. 120° and melted at 169—171°. Heating in vacuo for several hours 
resulted in loss of weight (9%), and the product was then free from acetone and had m. p. 
170—171°, unchanged by admixture with the chlorostannate of dimethylaniline. It is clear, 
therefore, that acetone is not present in condensed form but probably as solvate [Found : 
C, 34-6; H, 4:7; Cl, 33-8; Sn, 18-8; C,H,O, 8-8. (CgH,.N),SnCl,,C,H,O requires C, 36-0; 
H, 4:7; Cl, 33-6; Sn, 18-8; C,H,O, 8-5%]. 


Acknowledgment is due to R. von Holdt, B.Sc., for carrying out the combustion analyses 
and to the National Chemical Laboratories of the C.S.I.R. for confirmation in some instances. 
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The Reactions of Highly Fluorinated Organic Compounds. Part VII.* 
| : 2-Dichlorodecafluorocyclohexane and Derived Compounds. 


3y J. RoyLance, J. C. TatLow, and R. E. WortTHINGTON. 
[Reprint Order No. 5593.] 


1 : 2-Dichlorodecafluorocyclohexane, prepared by addition of chlorine to 
perfluorocyclohexene, gave, with lithium aluminium hydride, 1H : 2H-deca- 
fluorocyclohexane. This product, together with other isomers, has been 
obtained also by reduction of the dichlorodecafluorocyclohexane formed by 
reaction of o-dichlorobenzene with cobaltic fluoride. 1H : 2H-Decafluoro- 
cyclohexane, when treated with aqueous alkali, afforded 1H-nonafluorocyclo- 
hexene, which on oxidation gave perfluoroadipic acid. 


CHLOROUNDECAFLUOROcycloHEXANE and ethereal lithium aluminium hydride give undeca- 
fluorocyclohexane, which undergoes dehydrofluorination with concentrated aqueous alkali 
to perfluorocyclohexene (Tatlow and Worthington, Part I, /., 1952, 1251). We now 
describe a similar series of reactions in which dichlorodecafluorocyclohexane was used as 
the starting material; in this case the reaction with the reducing agent proceeded most 
readily in the cold. It was found that the dichloro-compound obtained by direct 
fluorination of o-dichlorobenzene (loc. cit.), when treated with lithium aluminium hydride 
in diethyl ether, gave a product of wide boiling range. Two fractions of reasonably 
constant b. p., 78—79° and 90—92°, were isolated; analysis indicated that both products 
had a decafluorocyclohexane structure. Accordingly, 1 : 2-dichlorodecafluorocyclohexane 
was prepared by addition of chlorine to perfluorocyclohexene ; as has been noted previously 
(loc. cit.), the physical properties of the dichloride made thus agreed with those of 
the fluorination product. When the authentic 1 : 2-dichloro-compound was treated with 
ethereal lithium aluminium hydride the only constant-boiling fraction obtained had b. p. 
91—92°, and was identical with the highest-boiling isomer obtained from the other 
dichlorodecafluoro-compound ; it is designated as 1H : 2H-decafluorocyclohexane (I). The 
decafluorocyclohexane having b. p. 78° is identical with a product obtained by low- 
temperature fluorination of benzene, and to which has been assigned the 1H : 3H-struc- 
ture (Barbour, Mackenzie, Stacey, and Tatlow, J. Appl. Chem., 1954, 4, 347; Evans 
and Tatlow, J., 1954, 3779). In addition to position isomers of the cyclic CgH,F 49 
structure, various stereoisomeric forms are, of course, possible. Such stereoisomers may 
well be present in smaller proportions in the products of both these reductions. It 
appears that the dichlorodecafluorocyclohexane obtained by treatment of o-dichloro- 
benzene with cobaltic fluoride is not, as stated in Part I, the pure 1 : 2-dichloride. Though 
it is probably mainly this compound, it does contain at least one other positional isomer, 
chlorine being presumably eliminated and then reintroduced into the carbon skeleton in 
different positions during the fluorination. This would be in accord also with the isolation 
of trichlorononafluorocyclohexanes from the same fluorination reaction. Apparently, those 
physical properties of the mixture of isomeric dichlorodecafluorocyclohexanes, which are 
normally used for characterisation, are virtually indistinguishable from those of the pure 
1 : 2-dichloro-isomer, and mixed m. p.s give no depression. Further, preliminary experi- 
ments indicate that a dichloride with similar characteristics may be obtained also by 
fluorination of p-dichlorobenzene. The physical properties of isomeric fluorocarbons 
often differ very little and the same effect can apply, obviously, to chlorofluorocarbons. 
In contrast, it seems that isomeric fluorohydrocarbons, at least in the cyclohexane series, 
can exhibit appreciable differences in their b. p.s. This effect arises presumably because 
the different molecular arrangements give rise to variations in intermolecular hydrogen 
bonding. 

The structure of 1H : 2H-decafluorocyclohexane (I) was confirmed by oxidation with 
neutral aqueous permanganate. Though the reaction was slow, cleavage of the molecule 


* Part VI, J., 1954, 3779. 
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between the -CHF» groups occurred with the formation, in poor yield, of perfluoroadipic 
acid, identified as the free acid and the dianilinium salt. This observation may help to 
explain the formation of fluoro-dibasic acids by the oxidation of polyfluorocyclohexane 
mixtures (Barbour, Mackenzie, Stacey, and Tatlow, Joc. cit., p. 341). 

1H : 2H-Decafluorocyclohexane (I), like undecafluorocyclohexane, was attacked by 
concentrated aqueous alkali, one mol. only of hydrogen fluoride being eliminated, to 
give a nonafluorocyclohexene. The b. p. (64—65°) of this compound differed slightly 
from that (71—72°) of the hydro-olefin, which is a mixture of 3H- and 4H-nonafluoro- 
cyclohexene, obtained by the action of alkali on 1H : 3H-decafluorocyclohexane (idem, 
tbid., p. 347). Oxidation of the olefin (b. p. 65°) afforded perfluoroadipic acid, identified 
as organic salts and as the diamide, no other acid being detected. This showed that the 
olefin was 1H-nonafluorocyclohex-l-ene (II). If any other constituent was present it 
could have been only in very small concentration. The likeliest impurity would be 
perfluorocyclohexa-1 : 3-diene which has a very similar b. p. (63—64°; Evans and Tatlow, 
loc. cit.). Thus, in the reaction of 1H : 2H-decafluorocyclohexane with aqueous alkali, 
only one mol. of hydrogen fluoride is eliminated, one of the -CHF* groups providing the 
fluorine, as is also the case in the comparable reaction with 1H : 2H-hexafluorocyclobutane 
(Buxton and Tatlow, J., 1954, 1177). 

It seems likely that the elimination of hydrogen fluoride from a fluorohydrocarbon 
with the formation of an unsaturated compound proceeds through an intermediate 
fluorocarbonium anion. If a hydrogen atom in a polyfluoride is sufficiently acidic to be 
removed by alkali, the residual anion could rearrange to give an olefin by elimination, 
as fluoride ion, of a fluorine atom from an adjacent carbon atom : 

aie? ph Ose a CF,-CHF - : SELF -€ Hy a 
" \NCK CF NP ” NOB CEA SF PN OCF, “4 
(1) (11) 

Similar schemes have been postulated to explain the formation of olefins by pyrolysis of 
salts of fluoro-acids (Hals, Reid, and Smith, J. Amer. Chem. Soc., 1951, 73, 4054; La- 
Zerte, Hals, Reid, and Smith, zbid., 1953, 75, 4525; Haszeldine, J., 1952, 4259), and by 
the decompositions of fluorine-containing Grignard reagents (Haszeldine, J., 1952, 3423; 
Henne and Francis, J. Amer. Chem. Soc., 1951, 78, 3518; 1953, 75, 992; Tarrant and 
Warner, ibid., 1954, 76, 1624) and of perfluoroalkyl lithium compounds (Pierce, McBee, 
and Judd, ilid., p. 474). The same type of mechanism may apply in the cases of some 
at least of the many examples of dehydrohalogenation (halogen being Cl, Br, or I) 
reactions of fluorohalogenohydrocarbons that have been reported. 

1H-Nonafluorocyclohexene (II) gave a dibromo-addition product with bromine under 
ultra-violet irradiation. Treatment with aqueous alkali removed both bromine and 
fluorine from this saturated compound. That both halogens came from the -CBrF* group 
was indicated by oxidation of the crude unsaturated mixture; perfluoroadipic acid was 
obtained. 

Commercial fluorosulphonic acid is a very effective catalyst for the direct esterification 
of fluoro-carboxylic acids, or their anilinium salts, by aliphatic alcohols. Since the esters 
may be converted without isolation into acid amides this permits a rapid conversion of 
salts into amides for identification purposes (see also Barbour ¢é¢ al., loc. cit.). Diethyl 
octafluoroadipate was made in this way from the acid and from the dianilinium salt. It 
was reduced by ethereal lithium aluminium hydride to the corresponding octafluorohexane- 
1 : 6-diol. This has been reported by McBee, Marzluff, and Pierce (J. Amer. Chem. Soc., 
1952, 74, 444) and we confirmed their observation that it is not appreciably acidic. 


EXPERIMENTAL 
1 : 2-Dichlorodecafluorocyclohexane from Perfluorocyclohexene.—(a) The olefin (71-5 g.) was 
contained in a quartz vessel which carried a reflux condenser cooled by solid carbon dioxide. 
The vessel was irradiated by ultra-violet light and a very slow stream of chlorine was passed 
in fine bubbles through the olefin for 24 hr. Distillation of the product from two such reactions 
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gave, after removal of an intermediate fraction (9-0 g.), b. p. 583—108°, 1 : 2-dichlorodeca- 
fluorocyclohexane (144-0 g.), b. p. 108°, m. p. 34°. 

(b) During 3 hr. the olefin (29-9 g.) was swept by a stream of chlorine into a vertical 
hard-glass tube heated to 560°, the products being condensed in traps cooled in solid carbon 
dioxide. After being washed with ice-cold aqueous sodium hydroxide, then with water, and 
dried (P,O,), the product was distilled to give unchanged olefin (11-2 g.) and 1: 2-dichloro- 
decafluorocyclohexane (10-1 g.), b. p. 107-5—108-5°, m. p. 36°. 

1H : 2H-Decafluorocyclohexane from 1 : 2-Dichlorodecafiuorocyclohexane.—A liquid mixture 
of the dichloro-compound [120 g., prepared by method (a) above] and ether (10 c.c.) was 
added slowly to a suspension of lithium aluminium hydride (15 g.) in ether (400 c.c.) at 0°. 
The mixture was kept at 0° for 3 hr., mechanical stirring being continued throughout. It 
was then added slowly, with stirring, to water (400 c.c.\ at 0°, nitric acid (250 c.c.; 2-5N) was 
added, and the ether layer was separated, washed, dried (MgSO,), and filtered. Examination 
of the original aqueous layer showed that 95% of the chlorine, but no detectable fluorine, 
from the chlorofluorocarbon was present in the ionic form. Distillation of the organic layer 
through a 1’ column gave, after removal of ether and an intermediate fraction (20 g.; b. p. 
35—91°, rising steadily), 1H : 2H-decafluorocyclohexane (47-2 g.), b. p. 91—92°/753 mm., 
m. p. 46°, nf? 1-291 (Found: C, 27-1; H, 0-9; F, 71-8. C,H,F,,) requires C, 27:3; H, 0-8; 
F, 71-9%). 

Decafluorocyclohexane from Dichlorodecafluorocyclohexane obtained from o-Dichlorobenzene.— 
Dichlorodecafluorocyclohexane [187 g., obtained by passage of o-dichlorobenzene over cobaltic 
fluoride (Tatlow and Worthington, Joc. cit.)] and ether (20 c.c.) were added at 0° during 3 hr. 
to lithium aluminium hydride (33-0 g.), in ether (800 c.c.), and the mixture was left for 2 hr. 
at 0°, mechanical stirring being applied throughout. After 16 hr. at 10—15°, water (330 c.c.) 
was added carefully, followed by concentrated nitric acid (100 c.c.), and the organic layer was 
separated, washed, dried (MgSO,), and filtered. Distillation of the material through a 4’ 
column afforded: (i) b. p. 54—78° (29-3 g.); (ii) 1H: 3H-decafluorocyclohexane (8-5 g.), 
b. p. 73—79°, m. p. 34—36°, n# 1-286 (Found: C, 27-7; H, 1-0; F, 72-3%); (iii) b. p. 79—90° 
(40-0 g.), mainly solid material; and (iv) 1H : 2H-decafluorocyclohexane (44-2 g.), b. p. 90— 
92°, m. p. 47°, ni} 1-290 (Found: C, 27-2; H, 1-1; F, 72-2%). This sample of the 1H : 2H- 
polyfluoride was less pure than that mentioned above; it was probably contaminated with 
other material having b. p. close to 90°. 

Oxidation of 1H : 2H-Decafluorocyclohexane.—The fluorohydrocarbon (3-0 g.; b. p. 91°), 
potassium permanganate (12-0 g.), and water (40 c.c.) were heated at 95° for 16 hr. in a rocking 
autoclave. The residual mixture was decolorised with sulphur dioxide and filtered, the filtrate 
being acidified (H,SO,) and extracted exhaustively with ether. The extract was dried (MgSQ,), 
filtered, and evaporated, to leave a crude residue (0-9 g.) which, after two recrystallisations 
from dry benzene, afforded perfluoroadipic acid (0-49 g.), m. p. 134° (Found: C, 24-9; H, 
0-9; F, 52-1. Calc. for C,H,O,F,: C, 24:8; H, 0:7; F, 52-4%). Treatment of the pure 
acid with aniline in ether followed by recrystallisation from acetone—chloroform gave the 
dianilinium salt (68%), m. p. 213° (Found: C, 45-6; H, 3-1; F, 31-7. Calc. for C,gH,,O,N,F;, : 
C, 45-4; H, 3-4; F, 31-9%). Tatlow and Worthington (loc. cit.) gave m. p. 133—134° and 
212° for the acid and salt, respectively. 

1H-Nonafluorocyclohex-l-ene.—1H : 2H-Decafluorocyclohexane (33-0 g., b. p. 91°) was 
refluxed for 11 hr. with potassium hydroxide (70 g.) in water (70 c.c.). Estimation of the 
fluoride ion in the aqueous phase showed that approximately 1 mol. of hydrogen fluoride had 
been removed. The organic layer was separated, dried (P,O,), and distilled through a 1’ 
column te give 1H-nonafluorocyclohex-1-ene (24-2 g.), b. p. 64—65°/750 mm., ni? 1-310 (Found : 
C, 29-5; H, 0-5; F, 69-0. C,HF, requires C, 29-5; H, 0-4; F, 70-:1%). The olefin (in 
0-13m-solution in CCl,) gave a C=C band in the infra-red at 1707 cm. [cf. decafluorocyclo- 
hexene and octafluorocyclohexa-1 : 4-diene which gave bands at 1734 cm.“ (Evans and Tatlow, 
loc. cit.)}. 

Oxidation of 1H-Nonafluorocyclohexene.—The olefin (2°55 g.), potassium permanganate 
(30-7 g.), and water (60 c.c.) were heated at 100° for 14 hr. in a rocking autoclave, to give, 
after isolation as described previously, crude perfluoroadipic acid. One portion was converted 
by the usual method into the dianilinium salt (66% based on olefin), m. p. 214° (Found: C, 
45-0; H, 3-5; N, 6-0%; equiv., 238). A second part gave, by treatment in aqueous solution 
with S-benzylisothiuronium chloride followed by recrystallisation of the precipitate from water, 
the bis-(S-benzylisothiuronium) salt (72% based on olefin), m. p. 244—245° (Found: C, 42-4; 
H, 3:8; S, 10-4. C,,H,,0,N,S,F, requires C, 42-4; H, 3-6; S, 10-3%). 
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The dianilinium salt was esterified with ethyl alcohol, fluorosulphonic acid being used as 
catalyst (2 hours’ refluxing), and the crude ester which separated when the mixture was poured 
into water was extracted with ether, the solution was dried (MgSO,), ammonia gas was 
bubbled through, and the resultant precipitate was recrystallised to give perfluoroadipic acid 
diamide (70%), m. p. 2836—238°, for which McBee, Wiseman, and Bachman (Ind. Eng. Chem., 
1947, 39, 415) gave m. p. 237°. 

Addition of Bromine to the Cyclic Olefin.—1H-Nonafluorocyclohex-l-ene (4-81 g.) and 
bromine (3-15 g.) were sealed in a hard-glass tube and irradiated with ultra-violet light for 
19 hr. The product was washed with aqueous sodium metabisulphite, separated, dried (P,O;), 
and distilled to give (i) recovered olefin (0-85 g.), b. p. 64—66°, m°, 1-316; and (ii) 1H-1: 2- 
dibromononafluorocyclohexane (3-58 g.), b. p. 147—150° (88—90°/95 mm.), n§, 1-394 (Found : 
C, 18:1; H, 0-2. C,HBr,F, requires C, 17-8; H, 0-25%). This compound had decomposed 
slightly after being kept for several days and, if it was washed with water, small amounts of 
bromide ion were found in the aqueous phase. 

The dibromononafluoro-compound (1-96 g.), sodium hydroxide (0-67 g.), and water (10 c.c.) 
were shaken together in a sealed tube at 10—15° for 42 hr. Estimations of the ionic halogens 
present in the aqueous phase showed that both bromine and fluorine (approx. 0-7 and 0-4 
atomic proportion, respectively) had been removed. The organic layer (1-2 g.), potassium 
permanganate (15 g.), and water (50 c.c.) were heated at 105° for 17 hr. in a rocking autoclave. 
Isolation and precipitation as described before afforded bis-(S-benzylisothiuronium) perfluoro- 
adipate (44% based on C,HBr,F,), m. p. 244—245° (Found: C, 41-9; H, 3-6; N, 9-1%). 

2:2:3:3:4:4:5: 5-Octafluorohexane-1| : 6-diol.—Perfluoroadipic acid (10 g.), ethyl 
alcohol (15-0 c.c.), and commercial fluorosulphonic acid (1-0 c.c.) were mixed, a vigorous reaction 
occurring, and the mixture was refluxed for 45 min. It was then poured into water (50 c.c.) 
and the lower layer was extracted with ether. The extracts were washed, dried (MgSQ,), 
filtered, and evaporated, and the residue was distilled to give diethyl perfluoroadipate (9-0 g.), 
b. p. 102—103°/11 mm., nj? 1-355. 

The di-ester (5-0 g.) in dry ether (10 c.c.) was added slowly to a mechanically-stirred 
suspension of lithium aluminium hydride (1-5 g.) in ether (20 c.c.) so that the solvent was 
kept steadily refluxing. After being stirred for a further hour, the mixture was cooled to 0°, 
and water was added dropwise, followed by 30% sulphuric acid (20 c.c.). The ether layer 
and ethereal extracts of the aqueous phase were dried (MgSO,), filtered, and evaporated. The 
residue was recrystallised from chloroform to give the diol (3-0 g.), m. p. 67-5—68-5° (Found : 
C, 27-0; H, 2-4; F, 58-4. Calc. for C,H,O,F,: C, 27:5; H, 2:3; F, 58:0%). McBee, 
Marzluff, and Pierce (loc. cit.) recorded m. p. 68°. Considerable difficulty was experienced in 
getting accurate carbon analyses on this compound. Potentiometric titrations showed that 
the diol was not appreciably acidic. 

Treatment with p-nitrobenzoyl chloride in pyridine at 100° for 1 hr. followed by isolation 
as usual gave, after recrystallisation from light petroleum (b. p. 60—80°) containing a little 
ethyl alcohol, the di-p-nitrobenzoate (72%), m. p. 105—106° (Found: C, 43-0; H, 2-1; F, 
27:4. C.H,,0,N,F, requires C, 42-9; H, 2-2; F, 27-1%). 


The authors thank Professor M. Stacey, F.R.S., for his interest, the Department of Scientific 
and Industrial Research for a grant, Mr. D. Tate for experimental assistance, and the Imperial 
Smelting Corporation Ltd. for a gift of fluorosulphonic acid. 
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Preparation of Thiazoles and Benzothiazoles as Possible 
Anthelmintics. 


By ALEXANDER MACKIE and ANAND L. MISsRA. 
[Reprint Order No. 5594.] 


Derivatives of mercaptobenzothiazoles, benzothiazoles, and _ thiazoles 
have been prepared, most containing phenothiazine residues. Some of the 
compounds were very active against liver fluke (Fasciola hepatica) in vitro. 


2-MERCAPTOBENZOTHIAZOLE has been found to be lethal towards liver fluke (Fasciola 
hepatica) and to be strongly depressant against the roundworm Ascaris lumbricoides, 
both im vitro. On account of this and the structural relation to the anthelmintics 2 : 3- 
dihydro-3-oxobenzo-1 : 4-thiazine, rhodanine (Mackie and Raeburn, Brit. J. Pharmacol., 
1952, 7, 219; Mackie and Misra, J., 1954, 3919), and phenothiazine, further thiazole 
derivatives have been prepared. 

Compounds were prepared by condensing mercaptobenzothiazoles with 10-chloro- 
acetylphenothiazine or its w-pyridinium derivative. The S-benzylthiuronium and 
piperazinium salts of (benzothiazolylthio)-acetic and -propionic acid, and the 10-pheno- 
thiazinylcarbonylmethyl ester (I) of the former acid were obtained. A sulphone was 
prepared by condensing 2-methyl-6-benzothiazolesulphonyl chloride with phenothiazine 
in pyridine. Also derivatives of 2-aminothiazole, such as (II), were prepared. Ziegler 
(J. Amer. Chem. Soc., 1941, 63, 2946; 1944, 66, 744) found that #-acetamidobenzene- 
sulphonyl chloride did not react with 2-amino-4-(«-ethoxycarbonylalkyl)thiazoles and 
concluded that 4-carboxy- or 4-ethoxycarbonyl groups exerted an inhibitory effect on 
the 2-amino-group of the thiazole in this respect; the compound (II) did not react with 
toluene-p-sulphonyl chloride in pyridine and an analogous reason can be suggested. 
Although the ease of removal of a 2-halogen atom in benzothiazole was influenced by a 
nitro-group in the 6-position, to which electrophilic substitution is usually directed 
(Colonna, Pubbl. Inst. Chim. Univ. Bologna, 1943, No. 2—7, 3; Chem. Abs., 1947, 41, 754), 
2-chloro-6-nitrobenzothiazole (Katz, J. Amer. Chem. Soc., 1951, 73, 4007) did not condense 
with phenothiazine (cf. Gilman and Shirley, zbid., 1944, 66, 825, 888; Cauquil and 
Cassadevall, Compt. rend., 1947, 225, 578). 
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Details of the biological testing will be reported elsewhere, but we may mention the 
high activity towards liver fluke 1m vitro of some of the compounds, especially 2-mercapto- 
6-nitrobenzothiazole, which is paralysant at 1 : 80,000. 


EXPERIMENTAL 


(10-A cetyl-2-phenothiazinylthio) benzothiazole.-—A saturated ethanolic solution of 10-chloro- 
acetylphenothiazine, m. p. 118—119° (5-5 g.) (Ekstrand, Acta Chem. Scand., 1949, 3, 302, 
gives m. p. 115—116-5°), was shaken with a mixture of a saturated ethanolic solution of 
mercaptobenzothiazole (3-5 g.) and aqueous sodium acetate (3-5 g. in 5 c.c.). Reaction set 
in immediately on warming on the water-bath; after 1 hour’s refluxing the product which 
separated was recrystallised from benzene as buff prisms (7 g.), m. p. 168—169° (Found: C, 
62-9; H, 3-8. C,,;H,,ON,S, requires C, 62:1; H, 3-5%). 

2-Mercapto-6-nitrobenzothiazole-—To concentrated sulphuric acid (145 c.c.) was added 
gradually mercaptobenzothiazole (33 g.), followed by potassium nitrate (22 g.) portionwise, 
at <10° with stirring. After 1 hr. the product was poured into water, a mixture of the 6-nitro- 
derivative and 6 : 6’-dinitrodibenzothiazole disulphide separating. This dissolved when refluxed 
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with aqueous sodium sulphide for 20 min., and the solution was filtered and acidified with 
dilute acetic acid; the 6-nitro-derivative was precipitated and recrystallised from glacial 
acetic acid in yellow needles (30 g.), m. p. 255—256°. Teppema and Sebrell (J. Amer. Chem. 
Soc., 1927, 49, 1779) gave m. p. 255—256°, and Drozdov and Stavroskaya (J. Gen. Chem. 
U.S.S.R., 1937, 7, 2313) m. p. 226°. 

Similarly, 2-(10-acetylphenothiazinylthio)-6-nitrobenzothiazole was prepared from 2-mercapto- 
6-nitrobenzothiazole (2 g.) as pale yellow plates (from benzene) (2 g.), m. p. 222—-224° (Found : 
C, 56-5; H, 3-0. C,,H,,0,;N,S, requires C, 55-9; H, 2-9%). 

N-(10-Phenothiazinylcarbonylmethyl) pyridinium Salts.—Dry pyridine (5 g.) was added to a 
boiling absolute ethanolic solution (35 c.c.) of 10-chloroacetylphenothiazine (11 g.) and the 
mixture refluxed for 8 hr. The separated pyridinium chloride was filtered off hot and 
purified by refluxing with absolute ethanol; it formed colourless prisms (10 g.), m. p. 252— 
253°. Dahlbom (Swed. P. 136,720/1952) gives m. p. 252—253°. 

This pyridinium compound (3 g.) in water (15 c.c.) was added gradually to aqueous-ethanolic 
sodium mercaptobenzothiazole (pH 6—7; from 1 g. of the mercapto-compound) at 0—5°. 
The product was chilled in ice (1 hr.), then filtered off, washed with water, and recrystallised 
from acetone-light petroleum (b. p. 40—60°), forming yellow, shining prisms of the sa/t (2 g.), 
m. p. 96—98° (vigorous decomp. at 100°), of the pyridinium and thiol derivatives (Found : 
C, 64-1; H, 4-4. C,,H,,ON,S, requires C, 64-3; H, 3-9%). 

The salt from 2-mercapto-6-nitrobenzothiazole (1-5 g.) and the pyridinium compound 
(2-7 g.) was obtained similarly. It was purified by dissolving it in cold acetone, adding ethyl 
acetate to turbidity, and storage in ice overnight. (The compound decomposed in hot acetone.) 
It was obtained as yellow prisms (1-2 g.), m. p. 132—134° (decomp.), becoming red at 120° 
(Found: C, 58-1; H, 3-8. C,,H,,0,N,S, requires C, 58-9; H, 3.4%). The impure sample 
decomposed readily at 100°. 

10-Phenothiazinylcarbonylmethyl (2- Benzothiazolylthio)acetate.—2-Mercaptobenzothiazolyl- 
acetic acid (Kucherov, J. Gen. Chem. U.S.S.R., 1949, 19, 752) gave the S-benzylthiuronium 
salt as colourless prismatic needles, m. p. 167—168°, from aqueous ethanol (Found: C, 52-5; 
H, 4:1. C,,H,,0O,N,S, requires C, 52-1; H, 4:3%), and the piperazinium salt in colourless 
shining plates, m. p. 184°, from ethanol (Found: C, 48-2; H, 4:2. C,,H,,0,N,S,,H,O requires 
C, 47-7; H, 4-7%). 

A boiling saturated ethanolic solution of 10-10doacetylphenothiazine (5 g.) (Dahlbom and 
Ekstrand, Acta Chem. Scand., 1949, 3, 302) was refluxed with a saturated ethanolic sodium 
hydroxide solution of the acid (3 g.; pH 6—7) on the water-bath for 2 hr., and the crystalline 
precipitate was recrystallised from benzene as colourless, shining prisms (3-5 g.) of the required 
ester (1), m. p. 148—150° (Found: C, 59-7; H, 3-3. C,,H,,0,;N.,S, requires C, 59-5; H, 3-4%). 

An attempt to prepare the corresponding propionate gave only a resin. 

8-(2-Benzothiazolylthio) propionic Acid.—This acid (Gribbens, U.S.P. 2,416,052/1947) gave a 
S-benzylthiuronium salt, colourless shining plates (from aqueous ethanol), m. p. 147—148° 
(Found: C, 53-5; H, 4:2. C,gH,,0,N,S, requires C, 53-3; H, 4-7%), and the piperazinium 
salt, colourless prisms (from ethanol), m. p. 168—169° (Found: C, 51-6; H, 4:9. C,,H,,0,N,S, 
requires C, 51-1; H, 5-0%). 

2-Methylbenzothiazole-6-sulphonic Acid.—This acid was obtained by the method of Kiprianov, 
Ushenko, and Sych (J. Gen. Chem. U.S.S.R., 1945, 15, 200) in colourless shining plates (from 
water), m. p. >310° (Found: C, 39-1; H, 3-5. Calc. for CgH,O,NS,,H,O: C, 38-9, H, 3-6%). 
Kiprianov e¢ al. give m. p. 295°. The S-benzylthiuronium salt crystallised from aqueous 
ethanol as colourless plates, m. p. 149—150° (Found: C, 46-9; H, 4:2. C,,H,,0,N,S,,H,O 
requires C, 46-5; H, 46%). 

2-Methyl-6-benzothiazolyl 10-Phenothiazinyl Sulphone.—2-Methylbenzothiazole-6-sulphonyl 
chloride (4-5 g.) (idem, loc. cit.) was added to a suspension of phenothiazine (3-5 g.) in pyridine 
(3 c.c.). On gentle warming a vigorous reaction ensued. The mixture was kept overnight, 
ethanol (5 c.c.) added, and the separated sulphone recrystallised from aqueous acetone (charcoal), 
forming colourless, prismatic needles (2-5 g.), m. p. 190—191° (Found: C, 58-5; H, 3-7. 
Cy9H ,4O,N.S, requires C, 58-5; H, 3-4%). 

B-(2-Amino-4-thiazolylmethylthio)propionic Acid.—2-Amino-4-thiazolylmethylthiuronium 
hydrochloride (5 g.) (Sprague, Land, and Ziegler, ]. Amer. Chem. Soc., 1946, 68, 2155), 8-chloro- 
propionic acid (2-5 g.), and aqueous sodium hydroxide (3-5 g. in 30 c.c.) were refluxed on the 
water-bath for 2-5 hr. Dilute hydrochloric acid was cautiously added to pH ~4. The 
precipitate, when recrystallised from water, gave the pure acid as light brown needles (2-5 g.), 
m. p. 177—178° (Found: C, 38-3; H, 4:6. C,H,)O,N,S, requires C, 38-5; H, 4:6%). 
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2-A mino-4-(6-nitro-2-benzothiazolylihio)methylihiazole-——A hot aqueous-ethanolic solution 
(10 c.c.) of 2-amino-4-chloromethylthiazole hydrochloride (idem, loc. cit.) (1-5 g.) was refluxed 
with an ethanolic sodium hydroxide (1 g.) solution of 2-mercapto-6-nitrobenzothiazole (1:5 g. 
in 30 c.c.) for 2 hr., and the product which separated was filtered off, washed with ethanol, 
and recrystallised from dilute acetic acid. The methylthiazole was obtained as yellowisk- 
brown, prismatic needles (1-5 g.), m. p. 2830—231° (decomp.) (Found: C, 41:2; H, 2-7. 
C,,H,O,N,S, requires C, 40-7; H, 2:5%). The picrate formed yellow needles, m. p. 210—211 


(Found: N, 17-7. C,,H,,0O,N,S, requires N, 17-7%), from acetone. 
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Nuclear Substitution by Anions and Self-union in 
|: 8-Naphthalimide and Its N-Methyl Derivative. 
By WILLIAM BRADLEY and FRANK W. PEXTON. 
[Reprint Order No. 5608.] 


1: 8-Naphthalimide is hydroxylated para to a carbonyl group with 
potassium hydroxide and manganese dioxide, and sodioaniline converts 
N-methyl-1 : 8-naphthalimide into the 4-anilino-derivative. Neither of the 
imides is as reactive as mesobenzanthrone towards these reagents. The self- 
union of N-methyl-1 : 8-naphthalimide on treatment with alkalis involves 
the formation of a dinaphthy] derivative at the first stage, and the cyclisation 
of this to a perylene derivative. The second stage is facilitated by reducing 
agents. 


In most examples of nuclear substitution by hydroxyl ions and other bases which have 
been discussed recently (e.g., Bradley and Bruce, /., 1954, 1894) the reactivity of the 
nucleus has been due to the presence of at least one carbonyl group. For this reason 
Luttringhaus’s observation (G.P. 492,320) that 1: 8-naphthalimide (I; R =H) and 
sodioaniline afford 4-anilino-1 : 8-naphthalimide (I[; R =H), amongst other products, 
is particularly interesting because of the low carbonyl-reactivity of imide groups. The 
present investigation is a more detailed study of related substitutions into (I; R =H 
and Me). 
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Heating the imide (I; R =H) with potassium hydroxide and manganese dioxide at 
220° gives the perylene derivative (_V; R =H) together with 4-hydroxy-1 : 8-naphthal- 
imide (III; R =H). The structure of this derivative was established by a synthesis from 
acenaphthene-3-sulphonic acid by way of 4-sulpho-1 : 8-naphthalic acid, and 4-hydroxy- 
1 : 8-naphthalic anhydride. The two samples of the hydroxy-compound showed the same 
absorption spectrum in alcohol, and gave the same red azo-derivative with diazotised 
p-nitroaniline. 

The formation of a monohydroxy-derivative of 1 : 8-naphthalimide rather than a 
di-derivative may be regarded as due to the diminished reactivity of carbonyl groups in 
imides (cf. Bradley and Sutcliffe, J., 1951, 2118; Bradley and Waller, J., 1953, 3778). 

N-Methyl-1 : 8-naphthalimide (I; R = Me) was similarly unaffected by ethanolic 
potassium hydroxide at 130°. With potassium hydroxide at 225—230° the main product 
was the perylene derivative (V; R = Me), with only an indication of the presence of 
phenolic compounds. With sodioaniline at 70—80° the product was 4-anilino-N-methyl- 
1 : 8-naphthalimide (II; R = Me), and this was also formed together with (V; R = Me) 
at 185°. The occurrence of substitution only at the lower temperature, and substitution 
accompanied by self-union at the higher temperature, illustrates the dual character of the 
action of sodioaniline. Like analogous reagents the anilide ion functions as a base which 
causes the ionisation of cyclic aromatic ketones, leading to their self-union, and as an active 
substitution agent which replaces nuclear hydrogen. The structure of the 4-anilino- 
derivative was proved by a synthesis from aniline and 4-bromo-N-methyl-1 : 8-naphthal- 
imide (IV). The bromo-derivative (IV) showed an unexpected reaction with ethanolic 
potassium hydroxide at 130°, the bromine substituent being replaced by hydrogen. 
Heating the methylimide (IV) with copper bronze gave NN’-dimethyl-1 : 1’-dinaphthyl- 
4 : 5-4’ : 5'-tetracarbonyldi-imide (VI). This was recovered unaltered after being heated 
with methanolic potassium hydroxide at 125°, but the perylene imide (V; R = Me) was 
formed with ethanolic potassium hydroxide at 130° and with potassium hydroxide at 220°, 
The cyclisation was facilitated by reducing agents, for example, glucose, but aluminium 
chloride was ineffective. 


EXPERIMENTAL 

Temperatures cited refer to the reactants, unless otherwise stated. Open vessels were used. 

4-Hydroxy-1 : 8-naphthalimide.—(a) An intimate mixture of 1: 8-naphthalimide (10 g.; 
m. p. 302°) and manganese dioxide (10 g.) was added during 10 min. at 220° to a stirred melt 
of potassium hydroxide (50 g.) and potassium acetate (5 g.). After being heated at 220—230° 
for 30 min. the pasty, deep violet product was added to water (500 c.c.), the resulting suspension 
was aerated for several hr., and then filtered. The residue (A) was extracted several times with 
cold and then with hot N-potassium hydroxide, and the filtered extracts were combined with the 
original filtrate. Acidification of the alkaline solutions gave an almost black solid (10-5 g.). 
This was extracted with cold 5% potassium hydrogen carbonate solution; acidification of the 
filtered extract gave a brown-black solid (4-9 g.). Repetition of the extraction with hot 
5% potassium hydrogen carbonate gave a brownish-yellow solid (3-2 g.). The brown-black 
solid gave, after continuous extraction with acetone, a brownish-orange soluble fraction (2-5 g.), 
and this was sublimed at 300°/0-4 mm. A single bright yellow band formed, m. p. >350' 
(Found : C, 65-7, 66-3; H, 2-8, 3-2; N, 7-4, 6-2. C,,H,O,N reuires C, 67-6; H, 3-3; N, 6-6%), 
which showed the following absorption in 95% EtOH: max. at 240 (10“e 2-61) and 389 my 
(10“e 1:08). 4-Hydroxy-1: 8-naphthalimide was sparingly soluble in alcohol with a green 
fluorescence. It gave a yellow, green-fluorescent solution in concentrated sulphuric acid. 
The brownish-yellow solid (3-2 g.) dissolved in hot water, and a portion (2-5 g.) separated on 
cooling. It was further purified by dissolution in 5° aqueous potassium hydroxide, reprecipit- 
ation by acidification, and sublimation at 325°/0-4 mm. A single bright yellow band of 
4-hydroxy-1 : 8-naphthalimide resulted (Found: C, 67-4, 67-6; H, 3-2, 3-2; N, 6-2, 61%); 
light absorption in 95% EtOH, max. at 242 (10“e 2-78) and 377 my (10“e 1-11). 

(b) 4-Sulpho-1 : 8-naphthalic acid (Dziewonski and Stalyhwo, Ber., 1924, 57, 1536) was 
converted into 4-hydroxy-1: 8-naphthalic anhydride by Dziewonski and Kocwa’s method 
(Bull. intern. Acad. Polon., 1928, A, 405). After purification from aqueous alcohol the product 
had m. p. 249—251° (Found: C, 66-7; H, 2-7. Calc. for C,,H,O,: C, 67-2; H, 28%); light 
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absorption in 95% EtOH, max. at 256 (10~e 2-0), 322 (10“e 0-514), 374 mp (10“e 0-827). 
Concentrated aqueous ammonia was added at intervals during 2 hr. to a refluxing solution of 
4-hydroxy-1 : 8-naphthalic anhydride (0-3 g.) in ethanol (25 c.c.). The resulting orange 
solution was concentrated and then kept. A yellow solid (0-1 g.) separated and this was 
purified from aqueous alcohol (Found: C, 67-7; H, 3-2; N, 62%); light absorption in 95% 
alcohol, max. at 242 (10“e 2-75) and 377 mp'(10~e 1-08). In these as in other properties the 
product was identical with the 4-hydroxy-1 : 8-naphthalimide prepared by method (a). 

Solutions of 4-hydroxy-1 : 8-naphthalic anhydride and 4-hydroxy-1 : 8-naphthalimide in 
5% potassium hydroxide coupled with diazotised p-nitroaniline to give red azo-derivatives. 

The portion (8-8 g.) of the product of the action of potassium hydroxide and manganese 
dioxide on 1 : 8-naphthalimide which was insoluble in potassium hydroxide was extracted with 
water, as described, and then with sulphuric acid and sodium metabisulphite to remove the 
excess of manganese dioxide. The insoluble portion was perylene-3 : 4 : 9 : 10-tetracarbonyldi- 
imide (3-15 g.). 

1 : 8-Naphthalimide was recovered unchanged after 2 g. had been heated for 1 hr. at 130° 
with potassium hydroxide (15 g.) and ethanol (17-5 c.c.). With potassium hydroxide (20 g.) in 
ethanol (20 c.c.) at 160—170° for 1 hr. 1 : 8-naphthalimide (5 g.) gave crude perylene-3 : 4 : 9 : 10- 
tetracarbonyldi-imide (3-1 g.). This was extracted with acetone and then with aqueous 
potassium hydroxide, and a portion of the residue (2-5 g.) was sublimed at 500°/0-4 mm. The 
sublimate of the di-imide (Found: C, 74:4; H, 2:8; N, 7:0. Calc. for C,4H,)O,N,: C, 73-8; 
H, 2-6; N, 7-2%) showed the following absorption in ‘‘ AnalaR ’’ concentrated sulphuric acid, 
max. at 407 (10~“e 0-78), 512 (10~4e 1-405), 552 (10~e 4-06), and 598 my (10™e 7-8). 

On being heated with potassium hydroxide (62 g.) and sodium acetate (6 g.) at 220° for 3 hr. 
according to the method of B.I.0.S. Final Report No. 1484, Item No. 22, 1 : 8-naphthalimide 
(20 g.) gave 18-2 g. of the crude di-imide. In addition there was an alkali-soluble product 
(0-3 g.), which, after purification from alcohol and sublimation at 300°/0-5 mm., gave a single 
bright yellow band of 4-hydroxy-1 : 8-naphthalimide, which was almost identical with the 
compound prepared as in (a) and (b); light absorption in 95% EtOH, max. at 240 (10“e 2-61) 
and 389 my (10~4e 1-08). 

4-Anilino-N-methyl-1 : 8-naphthalimide.—(a) N-Methyl-1: 8-naphthalimide [2 g.; m. p. 
205 —206°; light absorption in ‘‘ AnalaR ’’ concentrated sulphuric acid, max. at 293 (10~e 0-548), 
385 (10~e 1-56), and 407 my (10~e 1-48)] was refluxed and stirred for 3 hr. with sodioaniline 
prepared from freshly distilled aniline (30 c.c.), copper bronze (0-05 g.), nickel oxide (0-05 g.) 
and sodium (0-7 g.). A further addition of aniline (10 c.c.) was made after 1-5 hr. A violet 
colour developed. After being cooled the solution was added to an excess of dilute hydro- 
chloric acid, and the yellow-brown powder (2-2 g.) which separated was extracted with acetone. 
The insoluble part (0-03 g.) was NN’-dimethylperylene-3 : 4: 9 : 10-tetracarbonyldi-imide. 
The soluble fraction was recovered by evaporation of the solvent, dissolved in chlorobenzene, 
and chromatographed on alumina. On development two pale yellow bands passed rapidly 
through the column, but an orange band was more strongly retained. This was eluted with 
acetone, redissolved in chlorobenzene, and again chromatographed on alumina. The resulting 
deep orange band, eluted with acetone, afforded orange crystals of 4-anilino-N-methyl-1 : 8- 
naphthalimide, m. p. 256—258° (Found: C, 75-2; H, 4:5; N, 9-8. C,,H,,O,N, requires C, 
75:5; H, 4-6; N, 93%), not depressed by the compound prepared from 4-bromo-N-methyl-1 : 8- 
naphthalimide and aniline. It gave a strawberry-red solution in concentrated sulphuric acid. 
Addition of methanolic potassium hydroxide to the bright yellow solution in pyridine changed 
the colour to deep magenta. It was insoluble in 5% potassium hydroxide solution, alone or 
after the addition of sodium dithionite. 

In a similar experiment carried out at 70—80° for 4 hr. N-methyl-1 : 8-naphthalimide (4 g.) 
and sodioaniline prepared from aniline (40 c.c.), copper bronze (0-05 g.), nickel oxide (0-05 g.), 
and sodium (1-1 g.), and with the further addition of aniline (20 c.c.) after 1 hr., gave an ochre- 
yellow product (3-8 g.). From this was obtained 4-anilino-N-methyl-1 : 8-naphthalimide, m. p. 
258°, by extraction and chromatography, but there was no indication of the formation of 
NN’-dimethylperylene-3 : 4 : 9 : 10-tetracarbonyldi-imide. 

(6) Aniline (11 g.) and 4-bromo-N-methyl-1 : 8-naphthalimide (0-7 g.) were refluxed for 
11 hr., and then the resulting solution was added to dilute hydrochloric acid. The yellow 
precipitate which formed was collected, washed, and dried (0-65 g.), and then chromatographed 
from chlorobenzene on alumina. The main band, on elution with acetone and crystallisation 
from chlorobenzene, gave bright orange crystals (0-2 g.), m. p. 258°, identical with 4-anilino-N- 
methyl-1 : 8-naphthalimide prepared as in (a). The rate of replacement of the bromine 
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substituent was low; 4-bromo-N-methyl-1 : 8-naphthalimide (0-2 g.), refluxed with aniline 
(3 g.) for 2-5 hr., gave only 0-01 g. of the 4-anilino-derivative. A product, m. p. 178°, of unstated 
composition, has been described (G.P. 492,320) as the result of the action of sodioaniline on 
N-methyl-1 : 8-naphthalimide at 150°. 

4-Bromo-N-methyl-1 : 8-naphthalimide.—4-Bromophthalic anhydride was prepared both by 
Rule and Thompson’s method (jJ., 1937, 1764) and according to Org. Chem. Ind., U.S.S.R., 
1937, 4, 406. The products melted at 217—219° and 220—221°, respectively. 4-Bromo-1 : 8- 
naphthalic anhydride (8 g.), methylamine (10 c.c. of 33% w/v in water), and ethanol (2 1.) were 
refluxed for 30 min. On being cooled the solution gave pale yellow needles, m. p. 183—184° 
(6-6 g.), which were obtained colourless and of m. p. 185—186° (Found: C, 53-6; H, 2:8; N, 
4-6; Br, 27-9. Calc. for C;;H,O,NBr: C, 53-8; H, 2-8; N, 4-8; Br, 27-6%) by crystallisation 
from glacial acetic acid; light absorption in ‘‘ AnalaR’’ concentrated sulphuric acid, max. at 
312 (10 0-58), 400 (10-e 1-74), and 420 my (10~e 1-74). 

Action of Ethanolic Potassium Hydroxide at 130°.—4-Bromo-N-methyl-1 : 8-naphthalimide 
(1 g.) was heated at 130° and stirred for 1-5 hr. with potassium hydroxide (10 g.) and ethanol 
(9 c.c.). A purple colour developed. Addition to water gave a buff-coloured solid (0-75 g.). 
This separated from a solution in acetone as pale brown needles, m. p. 202—203°, and as pink 
needles (0-5 g.), m. p. 204—205°, not depressed by an authentic sample of N-methyl-1 : 8- 
naphthalimide, m. p. 205—206°. 

NN’-Dimethyl-1 : 1’-dinaphthyl-4 : 5-4’ : 5’-tetracarbonyldi-imide.—The above 4-bromo-deriv- 
ative (4 g.) was heated and frequently stirred with copper bronze (3 g.) at 240° for 4-5 hr. The 
cooled product was powdered, and extracted with alcohol which dissolved 2-1 g. of unchanged 
bromo-derivative. The insoluble part was stirred with concentrated aqueous ammonia and 
ammonium chloride, and the buff-coloured residue (1-2 g.) was extracted with acetone. The 
residue (0-6 g.), m. p. 399—402°, crystallised (m. p. 403—404°) from chlorobenzene, and a 
portion of the purified material gave pale yellow needles on sublimation (Found: N, 7-0, 6-6. 
CygH,,0,N,. requires N, 6-7%). NN’-Dimethyl-1: 1’-dinaphthyl-4 : 5-4’ : 5’-tetracarbonyldi- 
imide dissolved in ‘‘ AnalaR’’ concentrated sulphuric acid, forming a bright yellow solution 
max. at 295 (10~“e 0-84) and 412 mu (10™“c 3-7). It exhibited a blue fluorescence in glacial 
acetic acid and chlorobenzene. It was unaltered on being heated with 5% potassium hydroxide 
solution, alone or with the addition of sodium dithionite, with potassium hydroxide (5 g.) and 
methanol (5 c.c.) at 125° for 1 hr., with potassium hydroxide (0-5 g.) and ¢ert.-butanol (7 c.c.) 
under reflux for 1 hr., or with aluminium chloride (1-5 g.) and sodium chloride (0-25 g.) at 170° 
for 0-5 hr. 

Conversion into NN’-Dimethylperylene-3 : 4-9 : 10-tetracarbonyldi-imide.—(a) A purple colour 
developed almost immediately on the addition of the dinaphthyl derivative (0-05 g.) to 
potassium hydroxide (5 g.) and potassium acetate (0-4 g.) at 220°. After 40 min. the product 
was added to water and aerated, and the red precipitate (0-045 g.) was collected. Extraction 
with chlorobenzene afforded a residue (0-01 g.) which showed all the properties of N.N’-di- 
methylperylene-3 : 4-9 : 10-tetracarbonyldi-imide. (6) The yield of the perylene derivative was 
increased to 0-02 g. when glucose (0-05 g.) was added to the reactants, and the heating was at 
180° for 1 hr. and then at 200° for 10 min. (c) The dinaphthyl derivative (0-05 g.), potassium 
hydroxide (7 g.), and 95% ethyl alcohol (7 c.c.), stirred and heated at 130° for 1 hr., gave 
approx. 0-002 g. of the perylene derivative. (d) Under the same conditions as (c) but with the 
addition of glucose (0-05 g.), conversion into the perylene derivative (0-048 g.) was 
almost quantitative. (e) The perylene derivative (0-03 g.) was also obtained when the 
dinaphthyl derivative (0-05 g.) was refluxed for 10 hr. with potassium hydroxide (5 g.), water 
(5 c.c.), and sodium formaldehydesulphoxylate (0-5 g.). 

4-Bromo-1 : 8-naphthalimide prepared from 4-bromonaphthalic anhydride and aqueous 
ammonia formed colourless needles, m. p. 298° (Found: C, 51-9; H, 2:0; N, 5-0; Br, 28-8. 
Calc. for C,,H,O,NBr: C, 52-2; H, 2-2; N, 5-1; Br, 29-0%). 


The authors thank the Yorkshire Dyeware and Chemical Co. Ltd. for the award of a 
maintenance grant to one of them (F. W. P.) and Imperial Chemical Industries Limited, 
Dyestuffs Division, for a gift of 1 : 8-naphthalimide. 
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Self-union Reactions and Nuclear Substitution by Anions in Some 
Ring Homologues of Quinoxaline. 
By WILLIAM BRADLEY and FRANK W. PEXTON. 
[Reprint Order No. 5609.] 


Acenaphtho[{1,2-b]quinoxaline (I) affords a small amount of the 3-hydroxy- 
derivative on being heated with potassium hydroxide. Aceanthra[1,2-b]quin- 
oxaline (II) does not exhibit a similar reaction. Both (I) and (II) undergo 
self-union to derivatives of perylene on being heated with potassium hydr- 
oxide. The relation of these reactions to those of related carbonyl compounds 
is discussed. 


THE direct replacement of nuclear hydrogen in aromatic carbonyl compounds by alkyl, 
hydroxyl, and substituted amino-groups has been reported in several recent communic- 
ations (e.g., Bradley and Waller, /., 1953, 3778; Bradley and Bruce, J., 1954, 1894), and 
the present work extends the investigation to aromatic compounds containing a quinoxaline 
nucleus, in particular to acenaphtho/1,2-b|quinoxaline (I) and aceanthra[1,2-b]quinoxaline 


(II). Previous work has shown that numerous carbonyl derivatives of naphthalene and 
anthracene are directly substituted by hydroxyl ions, the substituent entering the nucleus 
para to a carbonyl group. In comparable instances the anthracene is more readily 
substituted than the naphthalene derivative, and it was of interest to establish whether the 
same properties and relations occur amongst -C=N— compounds. 

Acenaphtho/1,2-b)quinoxaline (I) was first prepared by Ampola and Recchi (Atti R. 
Accad. Lincei, 1899, 8, I, 209). Aceanthra{1,2-b]quinoxaline (II) was mentioned but not 
described in G.P. 602,337; but a methyl derivative was prepared by Liebermann and 
Zsuffa (Ber., 1911, 44, 208) from aceanthrenequinone and 3: 4-diaminotoluene. Heating 
(I) with potassium hydroxide and potassium acetate at 240—250° gave a deep red 
product (A) in small yield and an even smaller amount of a phenol, identified as the 
3-hydroxy-derivative (III), which was also derived by the hydrolysis of 3-bromo- 
acenaphtho{1,2-b|quinoxaline (III; Br for OH), prepared from 3-bromoacenaphthaquinone 
and o-phenylenediamine. 

The red compound (A) was also obtained by the action of alkalis on 3-bromoacenaphtho- 
[1,2-b|quinoxaline, which indicates the constitution (IV). The formation of a perylene 
from a naphthalene derivative on treatment with alkalis is a well-established reaction. It 
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occurs, é.g., in the formation of violanthrone from mesobenzanthrone and potassium 
hydroxide at 240°, and of zsoviolanthrone from 3-chloromesobenzanthrone and alcoholic 
potassium hydroxide at 140—160°. Heating 3-bromoacenaphtho[1,2-b]quinoxaline with 
piperidine gave the 3-piperidino-derivative. 

Liebermann and Kardos’s observation (Ber., 1914, 47, 1203) that aceanthrenequinone is 


© 
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readily hydroxylated by hot 10% aqueous potassium hydroxide was confirmed, but 
aceanthra/[1,2-b]quinoxaline behaved quite otherwise. Aqueous 10% potassium hydroxide 
was without effect. Potassium hydroxide and sodium acetate at 235—240° gave a deep 
blue, alkali-insoluble, high-melting compound which was considered to be homogeneous 
because, after purification, no further separation occurred on successive extractions with 
solvents and sublimation. The same compound resulted by the action of ethanolic 
potassium hydroxide at 125° on both aceanthra[1,2-b]quinoxaline and its 5-bromo- 
derivative. These reactions indicate that the blue derivative is a dibenzo-derivative of 
(IV) having additional rings at (a) and (b), or (a) and (c). (According to G.P. 602,337 
heating aceanthra[1,2-b|quinoxaline with an alkali hydroxide in alcohol at 150—160° 
affords a green vat dye of unknown structure.) The action of alkali hydroxides on (II) 
gave no 5-hydroxyaceanthra[1,2-b|quinoxaline, which was synthesised for identification 
from Liebermann and Kardos’s hydroxyaceanthraquinone (loc. cit.) and o-phenylene- 
diamine. 

The main result of the present investigation is that whilst acenaphtho{1,2-b]quinoxaline 
(1) and aceanthra[],2-b]quinoxaline (II) undergo self-union with ease to form derivatives of 
perylene, nuclear hydroxylation occurs with difficulty in the case of (I) and not at all 
with (II). The two quinoxalines exhibit a much lower degree of nuclear reactivity towards 
alkali hydroxides than 1 : 8-naphthalimide and aceanthraquinone, and the capacity for 
hydroxylation is affected more than self-union. That self-union is a more general property 
of cyclic aromatic ketones and related compounds than capacity for nuclear substitution 
by anions and other bases accords with the results of Bradley and Bruce (loc. cit.) who 
observed that both N-methyl derivatives of 1 : 9-pyrazoloanthrone showed self-coupling, 
but that nuclear substitution occurred only in one of the isomers. In this case, too, the 
importance of self-union increased with rise in temperature. 

Piperidine and aceanthraquinone gave an adduct which was readily dissociated into 
its components on being heated with acids and for this reason probably contained piperidine 
combined with one of the carbonyl groups. 


EXPERIMENTAL 


Acenaphtho{1,2-b]quinoxaline.—Prepared by Ampola and Recchi’s method (loc. cit.) this was 
obtained as colourless needles, m. p. 241° (lit., m. p. 284°) (Found: C, 85-1; H, 4:0; N, 10-9. 
Calc. for C;,H,)N,: C, 85:0; H, 4:0; N, 110%); light absorption in ‘‘ AnalaR ’’ concentrated 
sulphuric acid, max. at 295 (10 1-4), 362 (10-4c 5-69), and 430 my (10“e 1-93). The pale 
yellow solution in pyridine remained unchanged on the addition of methanolic potassium 
hydroxide. It was insoluble in alkaline sodium dithionite; on the addition of pyridine the 
suspension became greener and yielded a colourless aqueous layer and a pale yellowish-green 
pyridine layer. 

3-Bromoacenaphtho{1,2-b]quinoxaline.—Prepared from 3-bromoacenaphthaquinone and o0- 
phenylenediamine this derivative formed colourless needles, m. p. 276—277° (Found : C, 64-5; 
H, 2:4; N, 8-3; Br, 24:5. Calc. for C,,H,N,Br: C, 64-8; H, 2:7; N, 8-4; Br, 24-2%); light 
absorption in ‘‘ AnalaR”’ concentrated sulphuric acid, max. at 376 (10~“e 5-8) and 440 my 
(10“e 2-0). Guha (J., 1931, 583), and Rule and Thompson (J., 1937, 1761), record m. p. 272°. 

3-Hydroxyacenaphtho[1,2-b]quinoxaline.—(a) The above 3-bromo-derivative (2 g.) was added 
to potassium hydroxide (10 g.) and amyl alcohol (75 c.c.) heated in an oil-bath at 150—160°. 
Dissolution was complete in 1 hr. and refluxing was continued for 13-5 hr. longer. The orange 
solution, filtered hot, gave acenaphtho[1,2-b]quinoxaline (0-95 g.), m. p. 237—238° (Found : 
C, 84:5; H, 3-8; N, 11-3. Calc. for C,,H,)N,: C, 85:0; H, 4:0; N, 11-0%), on being cooled. 
The mother-liquor was distilled in steam, the product which separated was extracted with hot 
2% sodium hydroxide solution, and the combined alkaline solutions were acidified. A yellow 
precipitate formed, and this became red on the addition of an excess of acid. Purification from 
alcohol gave 3-hydroxyacenaphtho{1,2-b]quinoxaline (0-05 g.), m. p. 256—260° (decomp.) 
(Found: C, 79-3; H, 3-8; N, 10-3. C,gH,ON, requires C, 79-9; H, 3-7; N, 10-3%), asa bright 
yellow solid; light absorption in 95% EtOH, max. at 250 (10“e 3-74) and 330 my (10~“e 3-4). 
It dissolved in cold 5% sodium carbonate solution and in warm 5% potassium hydrogen 
carbonate solution with a blue fluorescence. The solution in concentrated sulphuric acid was 
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emerald-green. The pale yellow solution in pyridine became orange on the addition of 
methanolic potassium hydroxide. Addition of diazotised p-nitroaniline to a solution in aqueous 
alkali gave a red azo-derivative. 

(b) A small amount of the same 3-hydroxy-derivative, identified by comparison of the light 
absorption spectrum in 95% alcohol with that of authentic material, was obtained by the 
addition of acenaphtho[1,2-b]quinoxaline (7 g.) to potassium hydroxide (50 g.) and potassium 
acetate (4 g.) at 220° during 15 min., the melt being subsequently heated at 235—245° and 
stirred for 1-75 hr. Much of the quinoxaline reactant sublimed during the experiment. 
Extracted with dilute alkali the product afforded a residue (A) and an orange solution which 
gave a red precipitate on the addition of diazotised p-nitroaniline. 

Di(cyclopenta[b]quinoxalino)[1,2,3-cd, 1’,2’,3’-lm]perylene (IV) from Acenaphtho{1,2-b]quin- 
oxaline.—The alkali-insoluble material (A), obtained by the addition of the product of 
experiment (b) (above) to water (200 c.c.), was continuously extracted with alcohol, then glacial 
acetic acid, chlorobenzene, and finally trichlorobenzene. Each of the last two extracts gave a 
deep red microcrystalline solid (0-05 g., in all), and this was dissolved in concentrated sulphuric 
acid. On the addition of sufficient water to give 80% sulphuric acid a brown sulphate separated. 
This was collected, washed with 80% sulphuric acid, then added to water. A deep red solid 
separated (Found: N, 10-8. C,,H,,N, requires N, 11-:1%). The perylene derivative dissolved 
in ‘‘ AnalaR’’ concentrated sulphuric acid forming a brownish-red solution; light absorption 
of material crystallised from trichlorobenzene and then sublimed at 450°/0-4 mm., max. at 485 
(104e 13-6), 540 (10~“e 2-82), and 585 my (10“e 4-44). It was insoluble in alkaline sodium 
dithionite, but on the addition of pyridine a deep emerald-green colour was formed in the 
organic layer. On being exposed to air the green solution rapidly afforded a red precipitate. 
The pale pink solution in pyridine was unaffected by the addition of methanolic potassium 
hydroxide. 

Di(cyclopenta[b]quinoxalino)[1,2,3-cd, 1’,2’,3’-lm]perylene (IV) and Acenaphtho[1,2-b]quin- 
oxaline from 3-Bromoacenaphtho[1,2-b]quinoxaline.—(a) 3-Bromoacenaphthof[1,2-b]quinoxaline 
was recovered unaltered after being refluxed with methanolic potassium hydroxide on the 
water-bath for 8 hr. or with sodium ¢ert.-butoxide or potassium hydroxide in #ert.-butanol. 
(b) Potassium hydroxide (10 g.), ethanol (10 g.), and 3-bromoacenaphtho/[1,2-b]quinoxaline 
stirred and heated under reflux at 130° for 1-5 hr. gave acenaphtho/1,2-b]quinoxaline, m. p. 240°. 
(c) Potassium hydroxide (25 g.), ethanol (9 g.), and 3-bromoacenaphtho[1,2-b]quinoxaline (3 g.) 
at 165—170° for 2 hr. gave acenaphtho[1,2-b]quinoxaline, the above perylene derivative, and 
unchanged reactant. Amyl-alcoholic potassium hydroxide under reflux gave the same result. 
(zd) 3-Bromoacenaphtho[1,2-b]quinoxaline (3 g.), potassium hydroxide (30 g.), and anhydrous 
sodium acetate (4 g.), heated at 235—240° for 1 hr. and then added to water (200 c.c.), afforded 
a deep brownish-red insoluble portion (2-65 g.), of which 1-2 g. remained after extraction with 
chlorobenzene. This was further extracted with mixed cresols; a deep red residue (0-08 g.) 
remained, and from the solution there crystallised a red solid (0-15 g.). Steam-distillation of 
the cresols mother-liquor afforded an additional 0-8 g. of red material, and this was crystallised 
from trichlorobenzene (10 parts) and cresols (1 part). The purified product was identified as 
the perylene derivative, and the remaining red fractions also showed almost identical light 
absorption in “‘ AnalaR ’”’ concentrated sulphuric acid. 

3-Piperidinoacenaphtho[1,2-b]quinoxaline.—The finely powdered 3-bromo-derivative (1 g.) 
was refluxed for 19 hr. with piperidine (12 g.). The resulting green-fluorescent, yellow-orange 
solution was added to water, the suspension which formed was heated to boiling, then cooled. 
Finally, the precipitate (1-05 g.) was crystallised from alcohol. 3-Piperidinoacenaphtho{1,2-b}- 
quinoxaline forms bright yellow needles, m. p. 159° (Found: C, 81-7; H, 5:7; N, 12-4. 
C,,H,,N; requires C, 81-9; H, 5-6; N, 12-4%). It dissolved in concentrated sulphuric acid and 
in pyridine with a yellow colour; the pyridine solution was unchanged on the addition of 
methanolic potassium hydroxide. 

5-Bromoaceanthra[1,2-b]quinoxaline.—N-Bromosuccinimide (2-2 g.) was added to a refluxing 
solution of aceanthra[1,2-b]quinoxaline (2 g.) in ‘‘ AnalaR’”’ carbon tetrachloride, previously 
dried over calcium chloride. After 4 hr. the suspension was filtered, and the filtrate con- 
centrated to 100 c.c. and then cooled overnight. Deep orange crystals (2-8 g.) separated. The 
powdered product was extracted for a short time with two portions of boiling glacial acetic 
acid (400 c.c., 200 c.c.). The residue (1 g.) crystallised from chlorobenzene as bright yellow 
needles (0-9 g.), m. p. 283° (Found: C, 68-8; H, 2-8; N, 7-5; Br, 21-2. C,,H,,N,Br requires 
C, 68-9; H, 2-9; N, 7-3; Br, 20-9%); light absorption in ‘‘ AnalaR ’’ concentrated sulphuric 
acid, max. at 279 (10-e 5-74), 325 (104e 1-915), 360 (10+ 2-07), and 435 my (10~e 3-14). 
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An additional quantity of the bromo-derivative (0-3 g.; m. p. 280—283°) was obtained from the 
second acetic acid extract. 

The same compound, m. p. 282-5° (Found: C, 68-3; H, 3-2; N, 7-5; Br, 20-8%), was 
obtained by refluxing acenaphtho[1,2-b]quinoxaline (0-5 g.) and bromine (0-3 g.) in nitrobenzene 
(50 c.c.) for 1+25 hr. 

Action of Ethanolic Potassium Hydroxide.—Formation of a dibenzo-derivative of (IV). The 
above 5-bromo-derivative (0-9 g.) was stirred and heated for 2 hr. at 125° with a paste of 
potassium hydroxide (10 g.) and ethanol (10 c.c.). The deep grass-green product was added 
to water (150 c.c.), and the resulting suspension was aerated, then filtered. The filtrate was 
wine-red; on acidification it gave a deep purple precipitate which resembled 5-hydroxy- 
aceanthra[1,2-b]quinoxaline but was too small in amount to be identified completely. The 
residue, after further extraction with hot 5% potassium hydroxide, was collected, washed, dried 
(0-75 g.), and extracted with chlorobenzene. The extract afforded a deep blue solid product (B) 
(0-1 g.), and this was further extracted with trichlorobenzene for a short time, collected (0-07 g.), 
and finally crystallised from trichlorobenzene (Found: N, 9-0. Cy,HagN, requires N, 9-3%) ; 
light absorption in ‘“‘ AnalaR’”’ concentrated sulphuric acid: max. at 465 (10-‘e 4-83), 610 
(10-¢e 2-66), and 840 my (10~e 2-78). 

5-Hydroxyaceanthra{1,2-b]quinoxaline.—This resulted when the hydroxyaceanthrenequinone 
(0-35 g.) (Found: C, 77-6; H, 3-1. Calc. for C,,H,O,: C, 77-4; H, 3-3%) of Liebermann and 
Kardos (loc. cit.), dissolved in ethanol (80 c.c.), was heated with o-phenylenediamine (0-16 g.) in 
ethanol (10 c.c.). A cherry-red colour rapidly developed, and after being kept overnight the 
solution afforded deep purple crystals (0-32 g.). After collection, drying, and recrystallisation 
from ethanol, the compound melted indefinitely at ca. 320°; light absorption in “ AnalaR ”’ 
concentrated sulphuric acid, max. at 281 (10“e 3-99), 300 (10“e 2-54), 425 (10“e 2-42), and 
535 my (10“e 1-39). 5-Hydroxyaceanthra[1,2-b]quinoxaline dissolved in 5% aqueous 
potassium hydroxide, sodium carbonate, or warm potassium hydrogen carbonate, with a deep 
pink colour. It was insoluble in dilute hydrochloric acid; in concentrated sulphuric acid the 
solution was pale red with a slight yellow fluorescence, and a purple precipitate was formed on 
the addition of water. In pyridine the solution was orange-red with a red fluorescence, and, on 
the further addition of methanolic potassium hydroxide, bluish pink. It was unaffected by 
aqueous alkaline sodium dithionite. 

Action of Potassium Hydroxide on Aceanthra[1,2-b]quinoxaline.—(a) Unlike aceanthra- 
quinone the derived quinoxaline was unaffected by refluxing for 8 hr. with 10% aqueous 
potassium hydroxide. (b) Finely powdered aceanthra{1,2-b]quinoxaline (7-5 g.) was stirred and 
heated for 1-5 hr. at 235—240° with potassium hydroxide (80 g.) and anhydrous sodium acetate 
(8 g.). After addition to water and aeration the resulting suspension was filtered. Deep blue 
alkali-insoluble material (7-5 g.) was separated from the wine-red filtrate and then extracted 
continuously with glacial acetic acid. The residue (4-7 g.) was further extracted with trichloro- 
benzene containing a small volume of mixed cresols. A deep blue solid (1-8 g.) separated from 
the cooled, filtered solution. The residue (2-4 g.) was extracted similarly; it afforded deep blue 
material (0-85 g.) on being cooled. The residue (1-4 g.) was deep blue. All three fractions of 
the blue material gave a single deep blue band on being sublimed at 450°/0-4 mm. Further 
purification of the 0-85-g. fraction from trichlorobenzene gave deep blue crystals with a metallic 
lustre which did not melt below 450° (Found: C, 87-8, 87-2; H, 3-6, 3:0; N, 9-0, 9-6. Cale. 
for CyHyN,: C, 87-4; H, 3:3; N, 9:3%); light absorption in “ AnalaR’”’ concentrated 
sulphuric acid, max. at 465 (10~“e 5-44), 610 (indefinite), and 840 mu (10“e 3-08). This 
product dissolved in concentrated sulphuric acid with a deep olive-green colour; a bright green 
precipitate formed on the addition of water. It gave a blue solution in pyridine, rendered pale 
green on the addition of methanolic potassium hydroxide. It was unaffected by 5% aqueous 
potassium hydroxide or by alkaline sodium dithionite, but on the addition of a small volume of 
pyridine to the last a deep green solution resulted. In these reactions it was identical with the 
perylene derivative (B) (above). 
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The Enzymic Synthesis and Degradation of Starch. Part XIX.* 
The Action of R-Enzyme on Glycogen. 
By STANLEY Peat, W. J. WHELAN, P. N. Hopson, and Gwen J. THOMAS. 
[Reprint Order No. 5627.] 


It is shown that R-enzyme, which debranches amylopectin, does not exert 
a similar hydrolytic action on the glycogen from oysters or from rabbit liver. 
Evidence is adduced to support the view that this lack of action is due to the 
higher degree of branching of the glycogen and consequently to the greater 
compactness of the molecule which makes the majority of the branch links 
inaccessible to the enzyme. 

It is worthy of note that the action of R-enzyme provides a simple 
practical method of distinguishing amylopectins from glycogens. 


R-ENnzyME, found in the potato and the broad bean, is described as a debranching enzyme 
inasmuch as it catalyses the hydrolysis of the branch-forming («-1 : 6-)linkages of 
amylopectin (Part XIV, J., 1951, 1451). The debranched product, compared with the 
original amylopectin, is stained more intensely by iodine and is more susceptible to 
g-amylolysis. Further it reduces copper reagents under conditions in which amylopectin 
does not. The purposes of the present communication are to record the striking fact that 
glycogen, a polysaccharide closely related to amylopectin in structure, appears not to be 
debranched by R-enzyme, and to attempt to elucidate the reasons for this difference. 

When glycogen (from oysters or from rabbit liver) was incubated with R-enzyme, no 
significant change occurred in iodine-staining power, in $-amylolysis limit or in reducing 
power. Ina control experiment, a portion of the digest (R-enzyme + glycogen) was added 
to a solution of 6-dextrin (the limit dextrin derived from amylopectin by $-amylolysis). 
The usual increase in iodine-absorption value occurred, demonstrating that the lack of 
action on glycogen was not due to inactivation of the enzyme. 

The work of Wolfrom, Lassettre, and O'Neill (J. Amer. Chem. Soc., 1951, 78, 595) 
proves that the chain-forming («-1 : 4-) and the branch-forming («-1 : 6-)links are the same 
in rabbit-liver glycogen and amylopectin. Each polysaccharide possesses a highly ramified 
structure, which may be pictured as constituted of congeries of short “ basal ’’ chains of 
a-l : 4-linked glucose residues, the chains being mutually joined by «-1 : 6-linkages. The 
structural differences between amylopectin and glycogen are differences of degree of 
branching and not of type of linkage. End-group assay shows that the average basal 
chain-length of amylopectin (ca. 24 glucose units) is twice that of glycogen (ca. 12) and as 
the number of branch-points in a large molecule is the same as the number of non-reducing 
end groups, it follows that the ratio of branch- to chain-linkages in amylopectin is only 
half that in glycogen. In both polysaccharides, multiple branching occurs, as first 
postulated by Meyer and Bernfeld (Helv. Chim. Acta, 1940, 28, 875) and established 
experimentally for amylopectin by Peat, Whelan, and Thomas (/., 1952, 4546) and for 
glycogen by Larner, Illingworth, Cori, and Cori (J. Biol. Chem., 1952, 199, 641). Further, 
it is shown in the Experimental section that the limit of conversion of rabbit-liver glycogen 
by $-amylase is the same as the conversion limit of amylopectin, namely ca. 50%. Other- 
wise expressed, in these two polysaccharides the branch points are randomly distributed 
with respect both to the number of branches attached to each basal chain and to the 
position of attachment of a branch to a basal chain. With such random distribution it is 
to be expected, therefore, that the distance (measured in glucose units) between two 
adjacent branch-points in glycogen will, on average, be half the distance in amylopectin, 
and it is reasonable to suppose that the lack of action of R-enzyme on glycogen is 
attributable to the higher degree of branching of the latter. 

Two explanations suggest themselves. First, the branch-linkage may be _ in- 
accessible to the operative centres of the enzyme molecule because of the compact 
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character of the glycogen structure as compared with the more open network of amylo- 
pectin. Secondly, it may be that a substrate susceptible to the debranching action of 
R-enzyme must contain a minimum number of «-1 : 4-linked glucose units in the vicinity 
of an «-1 : 6-linkage before the latter can undergo scission. This implies the formation of 
an enzyme-substrate complex in which the «-1 : 4-linked glucose units in the neighbourhood 
of a branch-link are directly involved. The number of such units actually participating is 
not known but it might be suggested that the average number between two adjacent 
branch points in glycogen is too few for complex formation to occur. That a minimum 
number of «-1 : 4-linked units is involved can be inferred from the observation that 
R-enzyme exerts no hydrolytic action on isomaltose or dextran (Part XIV, doc. cit.), or on 
panose, a trisaccharide containing an «-1 : 4-link and an «-1 : 6-link. 

The fact that glycogen becomes susceptible to the debranching action of R-enzyme 
when it is partially hydrolysed by «-amylase provides a means of deciding between these 
alternative hypotheses. «-Amylolysis of rabbit-liver glycogen was carried to the stage 
of ca. 40°, conversion (in terms of maltose) and, after inactivation of the enzyme, portions 
of the product were treated separately with (i) R-enzyme, (11) 8-amylase, and (iii) a mixture 
of the two enzymes. The results are shown in the Table which also records the results of 
parallel experiments in which the substrate was limit $-dextrin (from waxy maize amylo- 
pectin) instead of glycogen. Whereas £-amylase acting alone on «-amylolysed glycogen 
effected a small increase in the number of reducing groups, R-enzyme brought about a 
substantial increase in reducing power (from 37:5 to 59-3%, as maltose). This increase is 


Action of «-amylase, R-enzyme, and 8-amylase on glycogen and amylopectin. 

Reducing power developed (as % theor. maltose) 
Glycogen £-Dextrin 

Ch FMR GRIN oT cov ck ted eeedes ta teed ela cacsdcesedsaess sees 37-5 39-0 

a-Amylase followed by: (i) B-amylase ...............4.. 44-5 43-8 

(ii) R-enzyme 59-3 61-0 

(iii) R-enzyme -++- f-amylase 78:8 80°5 
clearly due to the scission of the branch links which are inaccessible to R-enzyme in the 
original glycogen, inasmuch as the presence of $-amylase during the action of R-enzyme 
brought about the hydrolysis of ca. 80°% of the glycogen (Table). The sequence of events 
thus appears to be (i) fragmentation of the glycogen structure by the random «-amylolysis 
of a-1 : 4-links, (ii) scission of the now accessible «-1 : 6-links by R-enzyme, and (iii) 6- 
amylolysis of the linear chains thus liberated by the debranching enzyme. The 
demonstration that under these conditions the branch linkages can be hydrolysed 
establishes the validity of the hypothesis that the compact conformation of the glycogen 
molecule prevents a sufficiently close approach of the R-enzyme molecule for scission of 
the branch links. The alternative hypothesis of the availability of too few unsubstituted 
a-1:4-linked glucose units between points of branching becomes untenable because 
a-amylase, acting by scission of the chains between the branch points actually diminishes, 

rather than increases, the number of such | : 4-linked units. 

Considerable interest attaches to a comparison of the behaviour of limit $-dextrin in 
these experiments with that of glycogen. The $-dextrin was partially hydrolysed by 
a-amylase to the same extent (deliberately) as was the glycogen, and the Table shows that 
the polysaccharides are virtually indistinguishable, even quantitatively, as substrates for 
these enzymes. In a structural sense also, $-dextrin and glycogen are extremely closely 
related. The action of 6-amylase on amylopectin is to remove the outer chains (an outer 
chain is that part of a chain between a non-reducing end and a branch point) as maltose. 
Since about 50% conversion occurs (Part XV, /., 1952, 705) it follows that the 6-dextrin 
so produced has a basal chain length of 12 glucose units (confirmed by end-group assay). 
Further, it contains all the branch links of the original amylopectin and therefore has about 
the same proportion of branch links as has glycogen. Nevertheless, the branch linkages in 
8-dextrin are hydrolysable by R-enzyme (Part XIV, loc. cit.) whereas those in glycogen are 
not. The difference is attributable to the fact that while the distribution of branch points 
is random in the glycogen, the branch linkages in @-dextrin are peripherally arranged in 
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close proximity to the non-reducing chain ends, so that the molecule retains the open- 
lattice structure of the amylopectin from which it is derived. The difference between 
glycogen and @-dextrin is eliminated by «-amylolysis because the compact structure of the 
glycogen is destroyed thereby. From either glycogen or $-dextrin, fragments of relatively 
low molecular weight are obtained and these contain, on average, only one «-1 : 6-linkage 
per molecule (Whelan and Roberts, Nature, 1952, 170, 748). 

It should be noted that if glycogen is treated first with R-enzyme and then with 
x-amylase the degradation effected is the same as that by «-amylase only. This clearly 
indicates the necessity of fragmentation of the glycogen molecule before debranching can 
occur. Support for this view came from a study of the action of 8-amylase on glycogen. 
The fact that branch points act as barriers to this enzyme means that it operates by the 
stepwise shortening, two glucose units at a time, of the outer chains of amylopectin or 
glycogen until a branch point is approached when action ceases and only 2—3 glucose 
units, adjacent to a branch point, remain of an outer chain. We have seen that 
g-amylolysis of amylopectin does not alter the physical conformation of the molecule; the 
open reticulated structure persists in the 6-dextrin which, in consequence, is hydrolysable 
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by R-enzyme. It is to be expected therefore that #-amylolysis of glycogen will yield a 
limit @-dextrin in which the tight interlocking persists. Experiment showed this inference 
to be correct; the branch links of glycogen $-dextrin are not attacked by R-enzyme. 
When the limit @-dextrin from oyster glycogen was incubated with R-enzyme no change 
was observed, and similarly when R-enzyme and $-amylase were allowed to act together on 
rabpit-liver glycogen the limiting conversion reached the same value as when $-amylase 
acted alone. 

It should be noted, incidentally, that these experiments prove the specimens of 
R-enzyme and $-amylase to be entirely free from «-amylase. 

It is now necessary to examine a little more closely one of the criteria of R-enzyme 
activity, namely, the increase in intensity of iodine staining. Measurements were carried 
out under conditions approximating to those in the determination of blue value (Bourne, 
Haworth, Macey, and Peat, J., 1948, 924) and in particular at a wave-length of 680 my. It 
was observed that while the iodine-glycogen complex shows very weak light absorption at 
any wave-length, its absorption at 480 my. is relatively much stronger than at 680 mu (see 
Figure). The staining properties of R-treated glycogen were therefore re-examined over 
the spectral range 400—700 mu, with concentrations such that the light absorption was 
2-5 times that encountered in B.V. determinations. The results, plotted in the Figure, 
show that R-enzyme does in fact bring about an appreciable increase in light absorption in 
the region 400—500 my. The Figure also shows that the increase in absorption at the 
B.V. wave-length (680 my) is so small as to be within the limits of experimental error, in 
agreement with our earlier statement. 


[1954] Degradation of Starch. Part XIX. 4443 


The fact remains that R-enzyme affects the structure of glycogen in such a way as 
slightly to enhance the light absorption of its iodine complex, although it has no detectable 
effect on the reducing power of glycogen or its susceptibility to @-amylase. An explan- 
ation might be found in the postulate that debranching by R-enzyme occurs to a very 
limited extent, which might well escape observation in the measurement of reducing power 
or degree of 8-amylolysis. With regard to the latter criterion of activity it should be 
pointed out that, if the structure of glycogen is that envisaged in the Meyer—Bernfeld 
hypothesis (Helv. Chim. Acta, 1940, 23, 875) and supported by the experiments of Larner 
et al. (loc. cit.), then about half of the branch linkages are so situated that their preferential 
scission would not lead to an enhancement of the extent of 6-amylolysis. 

We conclude that while most of the branch links of glycogen are inaccessible to 
R-enzyme, there occur a limited number of regions in which the spacing of the branches is 
not so close as to prevent R-enzyme action. 


EXPERIMENTAL 

Glycogen Samples.—The oyster glycogen was a commercial sample from British Drug 
Houses Ltd. The dried material yielded 96-4% of glucose after acidic hydrolysis by Pirt and 
Whelan’s method (J. Sci. Food Agric., 1951, 2, 224). The rabbit-liver glycogen was prepared as 
follows. A rabbit was killed by decapitation and the liver removed and immediately plunged 
into boiling water (150 ml.) containing 2 drops of glacial acetic acid. After 10 min. the liver 
was removed, ground with sand, and returned to the original liquid for further boiling (10 min.). 
The liver debris and sand were filtered from the cooled liquid, and the glycogen was precipitated 
by the addition of 2 volumes of ethanol. It was then dried by treatment with ethanol and 
ether. It was purified by adding 4 volumes of glacial acetic acid to its 3% aqueous solution. 
The precipitate was redissolved in water and the acetic acid precipitation repeated twice more. 
Finally, the precipitate was dissolved in water, precipitated with 1-5 volumes of ethanol, and 
dried by washing on the centrifuge with alcohol and ether. Samples of glycogen prepared in 
this way contain at least 95% of carbohydrate (as glucose) as measured by Pirt and Whelan’s 
method (loc. cit.). 

Amylopectin 8-Dextrin.—Waxy maize starch (10 g., dry wt.) was dispersed in warm 0-1N- 
sodium hydroxide (250 ml.), cooled, and neutralised (sulphuric acid). 0-2m-Acetate buffer 
(pH 4-8; 120 ml.), crystalline sweet potato 8-amylase solution (27,000 units), and water (to 1 1.) 
were then added. The digest was incubated for 3 days under toluene at 35°. After this time 
a portion of the digest was removed, fresh enzyme was added, and quantitative measurements 
of intensity of iodine staining were made at intervals. Since no fall in the intensity of the iodine 
stain occurred the large digest was heated to 100° for 3 min., and then dialysed for 4 days against 
running distilled water. The impermeate was then concentrated to 100 ml. under reduced 
pressure and the 8-dextrin was isolated by freeze-drying. 

6-Amylase.—This was the crystalline sweet potato enzyme, kindly provided by Dr. A. K. 
Balls. Its activity was determined as in Part X (J., 1950, 3566). 

a-Amylase.—This was obtained from saliva and was purified by Whelan and Roberts’s 
method (J., 1953, 1298), which is essentially that of Meyer, Fischer, Staub, and Bernfeld (Helv. 
Chim. Acta, 1948, 31, 2158). 

R-Enzyme.—This was prepared as in Part XIV (J., 1951, 1451). In some cases the time of 
preparation was shortened by using the following method as an alternative to the process of 
stirring the enzyme solution with starch for 24 hr. at 0°. The enzyme solution and starch were 
cooled to —5°, shaken for 15 min. at room temperature, then cooled to — 5° for 15 min., and the 
shaking and cooling were each repeated twice more before removal of the starch and 
precipitation of the enzyme as in the original method. 

Reducing Power Determinations.—These were made with the Somogyi reagent (J. Biol. 
Chem., 1954, 160, 61). Portions of digests removed for determination of reducing power were 
first deproteinised (idem, ibid., p. 69). All digests were incubated under toluene. 

Todine-staining.—The solution of iodine contained 0:2% of iodine and 2% of potassium 
iodide. The Spekker photometer equipped with 4-cm. cells and Ilford No. 608 filters 
(maximum transmission 680 mu) was used for determination of absorption value (A.V.) except 
in the experiment depicted in the Figure, where the Unicam SP. 500 spectrophotometer 
equipped with 1l-cm. cells was used. One drop of 6N-hydrochloric acid was always added to the 
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iodine-stained solutions. Water was used as the reference solution for B.V. determination, and 
iodine for the measurements given in the Figure. 

Action of R-enzyme on Oyster Glycogen.—Four digests were prepared as detailed below and 
diluted to 27 ml. : 


Digest no. 1 2 3 4 
Slymoisows Ca desc ab nde eck ret erase oye eed O08 sed ba da ct ote 20 20 0 0 
Re- RES yee (IG Yb wiinine sistas Weniivic Seeks canenseedvdinteners 2 ae 0 40 0 
0-2m-Sodium acetate buffer, pH 7-0 (ml.) ............ 3-4 3:4 3-4 3-4 


The digests were incubated at 35-5° for 16-25 hr. Then portions (5 ml. each) were removed 
for determination of reducing power. No reducing power was detected in any digest. 
Portions (equiv. to 1 mg. of glycogen) were also removed from digest 1 and stained with iodine 
(0-25 ml.) in 25 ml. for determination of A.V. (680 mu). The values recorded at 0, 3-25, and 
16 hr. were, respectively, 0-021, 0-019, and 0-019. At 16 hr. the A.V. (680 mu) of digest 2 was 
0-019. At 17 hr. portions (15 ml. each) of each digest were removed, heated in stoppered 
flasks on a boiling-water bath for 10 min., cooled, and treated with N-acetic acid (0-35 ml.) to 
adjust the pH to 4:8. §-Amylase (800 units) and water to 25 ml. were then added. The 
digests were incubated at 21°, and the reducing powers of each digest determined (5-ml. portions) 
after 5 and 23 hr. Digests 3 and 4 provided the means of determining the reducing powers of 
the enzymes. After these times the glycogen in digest 1 had yielded 22-6 and 22:6% of maltose, 
and in digest 2, 22-6 and 23-7% maltose. 

After 17-7 hours’ incubation of the original digest 1 a portion (1-6 ml.) was mixed with amylo- 
pectin 8-dextrin (13 mg.; 3-75 ml.) and 0-2m-citrate buffer (pH 7-0; 1-5 ml.) and incubated at 
35°5°. The values of A.V. (680 my) of portions (1 ml. each) stained with iodine (0-5 ml.) in a 
final volume of 50 ml. were 0-253, 0-255, 0-344, 0-350, and 0-379 after 0, 5, 29, 33, and 48 hr. 
respectively. 

Action of R-Enzyme on Rabbit-liver Glycogen.—This was carried out as for oyster glycogen 
above. The R-enzyme caused no increase in reducing power or in intensity of iodine staining. 
The percentage conversions of R-treated and untreated glycogen by $-amylase after 5 hours’ 
incubation were, respectively, 47-0 and 46-5%. 

Actions of R-Enzyme and 8-Amylase on Rabbit-liver Glycogen and Amylopectin 8-Dextrin after 
Treatment with «a-Amylase.—Glycogen (40 mg.; 20 ml.) and $-dextrin (40 mg.; 20 ml.) were 
incubated separately at 35° with 0-2m-acetate buffer (pH 7-0; 3 ml.) and «-amylase (4 mg. ; 
2 ml.). The progress of each reaction was followed by measurement of reducing power and 
after 7 hr. a portion (24 ml.) of each digest was heated at 100° for 10 min., then divided into 
three parts. Digests were prepared as follows: (1) «-treated polysaccharide (5 ml.), R-enzyme 
(25 mg.; 1 ml.), and B-amylase (100 units; 0-2 ml.); (2) as (1), water replacing R-enzyme; 
(3) as (1), water replacing B-amylase. Reducing powers were measured after incubation for 
13-25 hr. at 35° and the results are given in the Table. 

Action of R-Enzyme on Rabbit-liver Glycogen 8-Dextrin.—Two digests were prepared 
containing, in (1) glycogen (20 mg.; 20 ml.), 0-2m-acetate buffer (pH 4-8; 3 ml.), and B-amylase 
(800 units; 2 ml.), and in (2) buffer, enzyme, and water (20 ml.). After incubation for 14-5 hr. 
at 35-5° the reducing power (as maltose) was measured on a 5-ml. portion of each digest. At 
the same time, portions (10 ml. each) were heated at 100° in closed flasks for 10 min., cooled, 
and treated with N-sodium hydroxide (0-15 ml.) to adjust the pH to 6-3, and R-enzyme (40 mg. ; 
2 ml.) was added. After incubation for 5-5 hr. at 35-5° the enzyme was inactivated as 
above, and n-acetic acid (0-15 ml.) was added to each digest to adjust the pH to 4-8, followed 
by f-amylase (800 units; 2 ml.) and water to 25 ml. The reducing powers of each digest (5 ml. 
portions) were determined after 3-5 and 16-5 hr. of incubation at 35-5°. The experiment was 
repeated exactly except that at the second stage water (2 ml.) was added to the digest instead of 
R-enzyme. Digest (2) in each case provided the means of determining the reducing power of 
the enzyme. In the first experiment the initial conversion into maltose by f-amylase was 
503% ; after further treatment with R-enzyme and §-amylase the values at the stated times 
were 49-2 and 53-:2%. The three corresponding values in the second series (absence of 
R-enzyme) were 49-0, 50-0, and 51-6%. 

Simultaneous Actions of R-Enzyme and 8-Amylase on Rabbit-liver Glycogen.—Two digests 
were prepared containing (1) glycogen (24-3 mg.; 12 ml.), 0-2m-acetate buffer (pH 7-0; 3 ml.), 
R-enzyme (30 mg.; 1-5 ml.), 6-amylase (300 units; 1-5 ml.), and water to 25 ml.; R-enzyme 
was omitted from digest (2). Reducing powers (2-ml. portions) were measured at intervals during 
incubation at 35°. After 22-3, 46-8, and 71-3 hr. the respective conversions into maltose were 
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(1) 39-3, 38-1, and 40-1%, (2) 36-4, 39-7, and 41-2%. After 74-3 hr. B-amylase (750 units; 
1 drop) was added to each digest. After 94-3 hr. the respective conversions were 40-1 and 
40-1%. 

Action of R-Enzyme on Rabbit-liver Glycogen. Detection of Increase in Intensity of Iodine 
Staining.—Glycogen (50 mg.; 25 ml.) was incubated at 35° with 0-2mM-acetate buffer (pH 7:0; 
3-5 ml.) and R-enzyme (100 mg.; 2-5 ml.). Portions (1-55 ml. each; equiv. to 2-5 mg. of 
glycogen) were removed at intervals during incubation at 35° and stained with iodine (2-5 ml.) 
in a total volume of 25 ml. for determination of light absorption in the range 400—700 my with 
the Unicam SP. 500 spectrophotometer and l-cm. cells. The results are plotted in the Figure. 
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The Hydrolysis of Aluminium Salt Solutions. 
By R. K. ScHOFIELD and A. WoRMALD TAYLOR. 
[Reprint Order No. 5632.] 


The value of the equilibrium constant of the reaction (Al,6H,O)** + H,O 
= (AIOH,5H,0)** + H,O* has been determined by direct measurement of 
the pH values of a series of aluminium salt solutions, and a pK value of 4-98 
at 25° c (K = 1-05 x 10°) has been obtained. The temperature coefficient 
of —0-03 units/° c suggests that the mechanism of the reaction is similar to 
the dissociation of water. The results obtained are compared with those of a 
previous determination by Bronsted and Volqvartz (Z. physikal. Chem., 1928, 
97, 134). 
THE first stage in the hydrolysis of an aluminium salt solution is due to the reaction 
(Al,6H,O)** + H,O = (AIOH,5H,O)?* + H,O* 


which has an equilibrium constant given by 


K = [A(AIOH?*) x A(H‘)]/A(AI#*) 
pK = pAIOH+pH-—pAl. ..... . (2a) 


where pk, pH, pAIOH, and pAl are the negative logarithms of the equilibrium constant 
and of the activities (A) of the ions concerned. 

Previous determinations of this constant have been made by Bjerrum (Z. phystkal Chem., 
1907, 59, 350), by Bronsted and Volqvartz (zbid., 1928, 97, 134), by Lacroix (Ann. Chim., 
1949, 4, 5), and by Faucherre (Compt. rend., 1948, 227, 1367). Of the values obtained, that 
of 4-95 (at 15° c) by Bronsted and Volqvartz is the most reliable, since it is the only one in 
which any correction for activity coefficient has been made. This value was based upon 
the study of the hydrogen-ion concentrations of a number of acidified aluminium perchlorate 
solutions, the hydrogen ion being measured by determination of the rate of hydrolysis of 
ethyl diazoacetate. The activity-coefficient correction was estimated by comparison with 
that found necessary in chromium salt solutions of similar concentration. 

As a result of the work now reported a new value has been obtained based on the 
measurements of the pH values of dilute solutions of potassium alum and aluminium 
chloride, corrections for activity coefficients being applied on the basis of Debye and 
Hiickel’s theory of the behaviour of solutions of electrolytes. 


EXPERIMENTAL 
The pH values quoted in the Table were measured directly on the solutions with a glass 
electrode|saturated potassium chloride solution|calomel cell, a Marconi 717a pH meter being 


used. The cell was standardized with 0-05N-potassium hydrogen phthalate buffer at a pH of 
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4:00; this was considered to be independent of temperature over the range under investigation. 
Temperature control to within 05° was achieved by conducting the experiments in a constant- 
temperature room. 

The aluminium chloride samples used were commercial laboratory reagents and were not 
specially purified; they may have contained a small quantity of iron. The potassium alum 
was of analytical grade and gave results in agreement with the chloride. 

The solutions were made up by dilution of accurately prepared 0-1m-solution, freshly boiled 
distilled water being used. Water was considered unsatisfactory unless a 0-001m-solution of 
potassium chloride in it had pH between 6-1 and 6-3. 0-01mM-Potassium chloride was also added 
to bring the final solution to 0-001m in that salt. The presence of this concentration of 
potassium chloride was found to be very desirable, particularly in the more dilute aluminium 
salt solutions, since much steadier pH readings are then obtained owing to the more reproducible 
nature of the liquid junction potential at the saturated potassium chloride bridge junction. 
rhe design of junction tube used was one in which saturated potassium chloride solution is 
allowed to diffuse slowly outwards through a sintered glass plug into the bulk of the solution. 

The pH readings were made immediately after preparation of the solutions, the following 
procedure, being used : 

The electrodes were washed free fro6m buffer with distilled water, and then with about 30 ml. 
of the aluminium salt solution, which was rejected. The remainder (ca. 70 ml.) of the solution 
was halved and the pH of each half measured. The readings were not accepted unless they 
agreed to within 0-02 pH unit. The values quoted in the Table are all the mean of measure- 
ments made in at least three separate experiments. 


pH values of salt solutions. 


Concen- Aluminium chloride Alum Concen- Aluminium chloride 
tration 15 25° 21-5° tration 15° 20° 25° 
1 x 10° 3°81 3°76 3-68 3°67 2-5 x 10-4 — _ 
5 x 10° 3:98 3°$ 3: 3-90 2x i¢ 4-59 4-52 4 
10-3 4:27 “2 ‘ 4:19 x 10-4 4-74 “6 6 
10-4 - 4-26 5 x 10° 4-90 . “7 
10-4 4:40 +36 4:33 zx IgGs 515 “0 


Evaluation of pk’. Over the range of concentrations used we may expect equation (3) 
pK = pH -+ log [Al3*] — log [AIOH?"] — g(J) . . . « « (3) 


to be a sufficiently close approximation, ¢(I) being some function of the ionic strength J. 
Furthermore, Debye and Hiickel’s theory leads us to expect that the dependence of 4(/) on (/) 
will be given with sufficient accuracy by the expression 


$(1) = A(3* — TH+ BT). ww we ee (8a) 


except perhaps at the highest concentrations. A varies slightly with temperature; over the 
range 15—25° it differs very little from 0-5, and this value was used in all our calculations. 

The ‘‘ best ’’ value for B’ can be found only by trial, but theory indicates that it should be 
close to unity. Consequently pK’, given by equation (4), may be expected to exceed pK by an 


pK’ = pH + log [AI8*] — log [AIOH?*] — 2-57//(1+ 78) . . . (4) 


amount which approximates to 2-5(B’ — i)I at the lower concentrations. 
The concentration of hydrogen ions was obtained from equation (5) and if nothing more 


—log [H,Ot] = pH — O-57/(1+ 7) . . . « « « (5) 
basic than AIOH*' was formed in these experiments it follows that 


[AIOH?+] = [H,O*] wha ~ 0.6) eee aR 


RESULTS 
Values of pK’ are plotted against J' in the Figure. It is evident from the falling away 
of pK’ at the higher ionic strengths that the “ best ’’ value for B’ is a little greater than 
unity. It is clear, however, that the use of a “ better ’’ value of B’ would not change the 
following values of pK found by extrapolation to infinite dilution : 
13 4-98 All + 0-02 unit 
v 


BATE tence ssasenprn net eeeaioten 5-28 5-15 5: 
Roe hes nce ccete asanvesteeeness 15 20 21- 


25 
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A linear relation being assumed between pK and temperature over this range, these 
figures give a temperature coefficient of —0-03 unit/°c. The similarity of this to the 
temperature coefficient of the ionic product of water suggests that the aluminium salt 
hydrolysis has a similar mechanism to the ionisation of water, the reaction consisting of 
the transfer of a proton from one of the water molecules in the hydration sheath of the 
aluminium ion to one of the free solvent water molecules. This is the reaction represented 
by equation (1). 

The method employed for the calculation of the pK value rests on the assumption that 
no basic ion other than AIOH?* is present in the solution. The next stage of hydrolysis 
will be the production of the second basic ion by the reaction 


(Al,5H,0,0H)?* + H,O => [Al,4H,O(OH),]* + H,0* 


The amount of this secondary hydrolysis will increase with the pH of the solution, but 
clearly it has no effect on the results even at the highest pH reached in these experiments. 
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ph’, the negative logarithm of the approximate equilibrium constant of the reaction 


Al,6H,O* + H,O [—> Al,5H,0-OH*+ + H,O+ 


plotted against I+, the square root of the ionic strength in solutions of aluminium salts at different 
temperatures. @ Aluminium chloride; O alum; + aluminium perchlorate at 15° (Bronsted). 


It is considered that, owing to the high dilution used, any errors caused by impurity in 
the original material will be slight, and the effect of any ferric iron will be negligible at 
pH >4-0. The agreement between the results obtained with material from different 
sources shows that no serious errors have arisen from any of these causes. 

In the original determination of the pK by Brgnsted, the activity-coefficient correction 
applied was purely empirical, being estimated from that found necessary to correct the 
value found for chromium ion in a solution of the same concentration. In this case 
Bronsted used a wide range of concentrations and extrapolated the experimental results 
to J} =0. With aluminium only three solutions were used and the value of the 
equilibrium constant at infinite dilution was calculated from the mean of these three 
results by applying a correction equal to that found necessary in the case of the chromium. 

We have recalculated Bronsted’s data at 15° for aluminium perchlorate solutions using 
equation (4). Even the most dilute solution used by him, 0-005m, is too concentrated for 
accurate calculation of activities, but the values obtained for the pK are shown plotted 
against the ionic strengths of the solution in the Figure. It will be seen that the points 
obtained lie about 0-2—0-15 unit lower than those obtained by us for aluminium chloride 
solutions of similar concentration and temperature. This discrepancy appears to be a 
feature of the actual measurements and is probably due to the different standards of pH used. 
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The results obtained by Faucherre also refer to measurements made on rather more 
concentrated solutions than those used by us, and no activity coefficient corrections were 
applied at all. Correction of his figures on the basis of equation (5) give a value of pK = 
5-22 in a solution of J = 0-12, which is in agreement with our data for 15°, but since no 
temperature details are given by Faucherre any critical comparison of the two sets of data 
is impossible. 

ROTHAMSTED EXPERIMENTAL STATION, 

HARPENDEN, HERTS. [Received, August 7th, 1954.) 


(Estrogenic Activity of Some Derivatives of isoFlaven and 
isoFlavanol. 
By W. Lawson. 
[Reprint Order No. 5634.] 

Some new alkyl and phenyl derivatives of isoflaven and isoflavanol are 
described. 4-Ethyl-7 : 4’-dimethoxy-2-methylisoflav-3-en, which has_ the 
carbon skeleton of stilboestrol dimethyl ether has cestrogenic activity of the 
same order, and 7: 4’-dimethoxy-4-phenylisoflavan-4-ol is also highly 
active. 


THE study of the cestrogenic properties of isoflavones and their derivatives was initiated 
by Bradbury and White (J., 1951, 3447), who isolated genistein (5: 7 : 4’-trihydroxy7so- 
flavone) from a subterranean clover which had been found to be responsible for a sudden 
outbreak of infertility in sheep in Western Australia. They subsequently described (/., 
1953, 871) the properties of several 2-alkylisoflavones and certain 2- and 4-alkylisoflavens. 
They found that in 7 : 4’-dimethoxy/soflav-3-en, itself inactive, introduction of a 4-methy] 
group conferred activity, whilst the 2-methyl and 4-ethyl compounds were five times as 
potent as the 4-methyl compound. 

The 4-ethyl-2-methyl compound (I), which has the same carbon skeleton as stilbcestrol 
dimethyl ether, has now been synthesised, and found to have cestrogenic activity of 

CH 
MeO; eee MeO; 


CH, (1) 


the same order as that of stilboestrol dimethyl ether (11). Unfortunately, no method has 
been found for demethylation of this compound without disruption of the molecule. 
Investigation of the other alkyl derivatives has been prevented by the very low yield 
(5—8°,) of isoflavanone obtained when hydrogenating 2-alkyl-methoxyzsoflavones, most 
of the products being oily inseparable mixtures. These 2-alkyl-methoxyzsoflavones with 
alkyl- or aryl-magnesium halides gave only inseparable mixtures from which no crystalline 
compound has, as yet, been isolated, whereas the methoxy/soflavones react in the normal 
manner. 

In view of the action of certain derivatives of triphenylethylene (Schonberg, Robson, 
Tadros, and Fahim, J., 1940, 1327) syntheses of a number of phenyl derivatives of 7so- 
flavanol and isoflaven were begun. Whilst this work was in progress Bradbury (Austral. 
J. Chem., 1953, 6, 447) described 7 : 4’-dimethoxy- and 5: 7: 4’-trimethoxy-4-phenyl- 
isoflav-3-en and their cestrogenic activity in mice. These compounds were prepared, 
with others, and their activity, as determined in this Institute by the method of Allan, 
Dickens, and Dodds (J. Physiol., 1930, 68, 348) using ovariectomised rats, proved to be 
much less than that of the isoflavanols from which they are derived. 7 : 4’-Dimethoxy- 
4-phenylisoflavan-4-ol has activity approaching that of stilboestrol dimethyl ether, but 
introduction of a third methoxyl group in the 5-position reduces this to one-hundredth. 
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The following Table shows the results of biological tests on these substances compared 
with tests on free zsoflavones and on stilbcestrol and its dimethyl ether. (The tests were 
carried out on the crystalline racemates of unknown configuration isolated from the 
mixtures of possible stereoisomeric forms resulting from the Grignard reaction.) 


Compound (Estrogenic activity : 
isoFlavones. active at mg. perrat inactive at mg. per rat 
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1 Zemplén and Farkas, Ber., 1943, 76, 1110. 2 Bradbury and White, Joc. cit., 1953. 
loc. cit. 
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EXPERIMENTAL 

Preparation of isoFlavanols and isoFlavens.—The isoflavone or isoflavanone was added in 
portions to ethereal ethyl- or phenyl-magnesium bromide (4 mols.). After addition of dry 
benzene, the ether was removed by distillation and the benzene solution boiled 6 hr. After 
being shaken with ice-cold 10% hydrochloric acid, the benzene layer was washed successively 
with water, 10% aqueous sodium hydroxide, and water, dried, and evaporated. The residue 
was crystallised from ethanol. The following were prepared by this method : 

7 : 4’-Dimethoxy-2-methylisoflavanone (Bradbury and White, J., 1953, 874) gave 4-ethyl- 
7 : 4’-dimethoxy-2-methylisoflav-3-en, needles, m. p. 104—105° (Found: C, 77-5; H, 6-9. 
CypH,.0, requires C, 77-4; H, 7-1%). 

7: 4’-Dimethoxyisoflavone gave 2: 4-diethyl-7 : 4’-dimethoxyisoflavan-4-ol. The fraction 
distilling at 210—216°/0-25 mm. crystallised in prisms, m. p. 46—47° (Found: C, 73-4; H, 
7-8. C,,H,,O, requires C, 73-6; H, 7-65%). 

Genistein trimethyl ether gave 2: 4-diethyl-5 : 7 : 4’-trimethoxyisoflavan-4-ol, prisms, m. p. 
80° (Found: C, 71-0; H, 7-5. C,,H,,0; requires C, 70-9; H, 7-6%). Attempts to dehydrate 
this compound at 200° in vacuo, or by prolonged boiling in acetic acid solution were unsuccessful. 
Boiling with acetic anhydride produced the acetate, plates, m. p. 109—110° (Found: C, 69-5; 
H, 7:4. CggHg9O, requires C, 69-5; H, 7-3%). 

Genistein trimethyl ether with phenylmagnesium bromide gave 5: 7: 4’-trimethoxy-2 : 4- 
diphenylisoflavan-4-ol, prisms (from ethanol-ethyl acetate), m. p. 172—173° (Found: C, 76-7; 
H, 5°75. Cy9H,,0,; requires C, 76-9; H, 6-0%) [acetate, m. p. 142—143° (Found: C, 75-0; 
H, 6-1. CggH 390, requires C, 75-3; H, 5-9%)]. 

From 5: 7: 4’-trimethoxyisoflavanone (Bradbury and White, Joc. cit., 1953) were obtained 
4-ethyl-5 : 7: 4’-trimethoxyisoflav-3-en, m. p. 107—107-5° (Found: C, 73-6; H, 7:1. Cyo9H,20, 
requires C, 73-6; H, 7:1%), and 5:7: 4’-trimethoxy-4-phenylisoflavan-4-ol, needles (from 
ethanol-ethyl acetate), m. p. 168° (Found: C, 73-1; H, 6-1. C,,H,,O; requires C, 73-45; H, 
6-2%). This tsoflavanol was unchanged after being heated at 250°/0-1 mm. for 30 min. but 
was dehydrated by boiling acetic acid in 1 hr. The product, crystallised from alcohol, had 
m. p. 157° as Bradbury’s 5: 7: 4’-trimethoxy-4-phenylisoflav-3-en (Found: C, 77:2; H, 5-9 
Calc. for C,,H,,0,: C, 77:0; H, 5-9%). 

7 : 4’-Dimethoxy-4-phenylisoflavan-4-ol.—Bradbury’s method for preparation of the corre- 
sponding isoflaven was followed. The residue from evaporation of the benzene solution separated 
slowly from ethanol, giving the isoflavanol in prisms, m. p. 125—126°, after recrystallisation 

7F 
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from ethanol (Found: C, 76-4; H, 6-1. C,3H,,O,4 requires C, 76-2; H, 6-1%). The mother- 
liquor and washings were evaporated to small volume and slowly yielded colourless needles, 
m. p. 132—137°, finally raised by crystallisation from ethanol-ethyl acetate to 138° (Bradbury 
gives 142°). This compound proved to be 7: 4’-dimethoxy-4-phenylisoflav-3-en (Found: C, 
80-1; H, 5-9. Calc. for C,,H,,O,: C, 80:2; H, 5-85%). 

5: 7: 4’-Tvimethoxy-2-methylisoflavanone.—5 : 7 : 4’-Trimethoxy-2-methylisoflavone (2-5 g.), 
platinum oxide (0-2 g.), and glacial acetic acid (100 ml.) were shaken with hydrogen for 0-5 hr., 
1-5 mols. being absorbed. The residue, after removal of catalyst and acetic acid, produced a 
small yield of crystals from ethanol; these on recrystallisation from the same solvent gave the 
isoflavanone as thin needles, m. p. 194—195° (Found: C, 69-6; H, 6-4. C,,H,..0; requires 
C, 69-5; H, 6-1%). 

5: 7: 4’-Trimethoxy-2-methyl-4-phenylisoflav-3-en was prepared by addition of 5:7: 4’- 
trimethoxy-2-methylisoflavanone to ethereal phenylmagnesium bromide. The product, isolated 
in the usual manner, crystallised from ethanol in needles, m. p. 136—137° (Found: C, 73-3; 
H, 6-5. C,;H,,0,; requires C, 73-9; H, 6-45%). 

The author thanks Mrs. S. A. Simpson and Mr. H. E. H. Jones for biological tests on these 
compounds, Mr. M. C. Woodford for technical assistance in their preparation, and the Medical 
Research Council for support of this work. 
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Some Observations concerning the Theory of Aromatic Substitution. 
By P. B. D. DE LA MARE. 
[Reprint Order No. 5389.] 


A relation proposed by Brown and Nelson (J. Amer. Chem. Soc., 1953, 75, 
6292) between the partial rate factors for electrophilic substitution meta and 
para to substituents in the aromatic nucleus is discussed with reference to 
earlier theories. 


A NUMBER of attempts have of recent years been made to develop theories which correlate 
the reactivities of substituted aromatic compounds in their reactions with electrophilic 
reagents. It is generally accepted that the effects of two substituents in the benzene ring 
are often nearly additive and affect principally the energy of activation of the substitution 
reaction (cf. Bradfield, Trans. Faraday Soc., 1941, 37, 727; Condon, J. Amer. Chem. Soc., 
1948, 70, 1963; de la Mare and Vernon, /., 1951, 1574). Brown and Nelson (J. Amer. 
Chem. Soc., 1953, 75, 6292) have discussed the differences between different reagents in 
aromatic substitution reactions. They suggest as an empirical generalisation that the 
importance of meta-substitution is related to the “ activity’’ of the attacking species. 
They use the relative reactivity of toluene to benzene, or better the partial rate-factor f,™° 
for the para-position of toluene, as an inverse measure of the latter. A plot of logy, f,™ 
against logyo(f,"°/fnM*), where f,," is the partial rate factor for substitution at the meta-posi- 
tion in toluene, is approximately linear, showing that the relative amount of meta-substitu- 
tion increases with increase in “ activity.” 

An exactly linear relation between logy, f, and logy (fp/fm) is a direct consequence of the 
type of treatment used in most of the well-known attempts to treat quantitatively the 
theory of aromatic substitution. It simplifies the discussion to transform Brown and 
Nelson’s relation logy (fp /fm) = A + B logy) f, into the equivalent form : 


logig fm = —A + (1 — B) logy) fp (1) 


It should then be appreciated that, for a completely undiscriminating reagent, f,, = f, = 1, 
whence A = 0, and therefore : 


ee rr 


where C is constant for any given substituent and independent of the substituting agent. 
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Consider now such a theory as that of Ri and Eyring (J. Chem. Phys., 1940, 8, 433). These 
authors write the equation : 


ky = const. [exp — (AF + ¢,¢,/rD)/kT] . . . . « (3) 


Here ¢, is the fractional electronic charge in excess of the normal on carbon atom C, at 
which substitution occurs at rate k,; 7 is the transition-state separation between the 
reagent and C,; ¢, is the charge on the reagent; AF is the free energy of activation for 
substitution at a carbon atom in benzene; and the other symbols have the customary 
significance. It follows, by taking logarithms of both sides of equation (3), that : 


log, (ky/ku) = — (€,€,)/rDkT = log. f, 


whence logio fm = (€m/ép) logig fp 


and therefore equation (2) is a consequence; and the same would be true of any modification 
of this theory in which one might write : 


ky = const. {exp[—AF + ¢,f(R)/«]/B} . . . . . (4) 


Here we are considering « and @ as constants, and the effect of varying the reagent, /(R),* is 
multiplied by e, in the exponent which determines the free energy of activation for the 
substitution. 

Thus it appears that Brown and Nelson’s empirical relation is a direct consequence of 
this type of theory, in which the free energy of activation for substitution at various positions 
is considered to be proportional to the electronic charge at those positions in excess of that 
at a carbon atom in benzene. Hence, their results, so far as these bear out the claimed 
relation, might be quoted in support of these theories, though Brown and Nelson consider 
such theories as that of Ri and Eyring (loc. cit.) and of C. C. Price (Chem. Reviews, 1941, 29, 
39; J. Amer. Chem. Soc., 1951, 73, 5833) to be unsatisfactory treatments. Brown and 
Nelson make incorrect use of the theory in discussing the effect of halogen and other sub- 
stituents. They appear to overlook the fact that graphs of log.) f, against logy, (/>/fm) 
must pass through the origin, since, as has been pointed out above, for a completely un- 
discriminating reagent, whatever the substituent, f, =f, = 1;f and so these graphs will 
never be parallel with that for toluene, but will diverge at different slopes from the origin. 

It is a further consequence of the type of treatment which we have been considering, 
that a relation of the Hammett type should apply to the partial rate factors both for para- 
and for meta-substitution. This has been pointed out explicitly by Price (occ. cit.). It 
is interesting, therefore, to compare the standard Hammett substituent (c) constants (cf. 
Jaffe, Chem. Reviews, 1953, 53, 191) with the data available for electrophilic substitution. 
The most accurate information for this type of comparison comes from the partial rate 
factors for para-nitration established by Ingold, Hughes, and their co-workers (cf. Ingold, 
“Structure and Mechanism in Organic Chemistry,’ G. Bell & Sons, London, 1953), but 
useful extension of these comes from the rates of halogenation of the substituted benzenes, 
compiled by Robertson, de la Mare, and Swedlund (/., 1953, 782). In the Table is shown 
the information used to calculate the partial rate factors for these reactions, and the plots 
are given in Fig. 1. 

It is clear from the Figure that there is no way in which the Hammett substituent 


* In Riand Eyring’s theory, the effect of the reagent is introduced by a term e,/rD. Thus, on this 
theory, substituent effects would be expected to be reflected in the free energies, and hence in the rates 
of substitution, to a greater extent when the reagent bears a full positive charge than when the reagent 
bears only a partial charge, unless y and D vary with the reagent more than seems probable. Fig. 1 
shows that substituent effects are on the whole smaller in nitration by the nitronium ion than in halogen- 
ation by the halogen molecule. It seems likely, therefore, that some more complicated expression [e.g., 
(4)] is required in order to express mathematically the variation in rate with both substituent and 
reagent. 

t Their experimental points for the methyl substituent are in fact consistent with this statement. 


4452 de la Mare: Some Observations concerning the 


constants could be used to predict the rates of halogenation with any reliability. Consider, 
for example, the substituents H, Ph, and NHAc. All these have substituent constants 
near to zero: yet the phenyl group facilitates halogenation by a factor of 600, and the 
NHAc group has a corresponding effect of ca. 108. 


Correlation of Hammett’s Substituent (c) Constants with Partial Rate Factors for p-Nitration 
and p-Halogenation. 
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* Jaffe, Chem. Reviews, 1953, 58,191. °% Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,’’ 
G. Bell and Sons, Ltd., London, 1953. ¢ Robertson, de la Mare, and Swedlund, J., 1953, 782. 4 The 
reactivity scale is necessarily compressed, so much so that, in cases in which both bromination and 
chlorination have been examined (e.g., for alkyl groups), the points on the graph for the two processes 
almost coincide. Similarly, though the amount of para-substitution is seldom known under the 
conditions of the kinetic measurements, quite large deviations (e.g., of 25%) from the adopted values 
would make insignificant differences to the positions of the plotted points. * Estimated indirectly 
(cf. ref. c); the value is considered to be reliable to within at least one unit. / Holleman and Rinkes, 
Rec. Trav. chim., 1911, 80, 48. % De la Mare and Vernon, /J., 1951, 1764. * Berliner and Bondhus 
(J. Amer. Chem. Soc., 1948, 70, 854) obtained this value for bromination: the value for chlorination 
(cf. ref. c) is in good agreement. ‘ The value given in ref. c, which is for chlorination, combined with 
the percentage of -chlorination of toluene (Wahl, Normand, and Vermuylen, Bull. Soc. chim., 1922, 
31, 570) leads to a value log,, f, = 3-1. J Cf. Suter, J. Amer. Chem. Soc., 1929, 61, 2585; Brewster 
and Stevenson, ibid., 1940, 62, 3144; the actual figure used has been assumed by analogy with anisole. 
* Cf. Fries, Annalen, 1906, 846, 171; Huber and Weinecke, Ber., 1875, 8, 564. + P. W. Robertson, 
personal communication. ™ Chlorination gives some o- and much p-derivative (cf. Kramers, Annalen, 
1877, 189, 142), but there seems to be no reliable estimate of the relative proportions. The value 
chosen is intermediate between the values for nitration (Bennett and Chapman, Ann. Reports, 1930, 
27, 140) and for bromination, which appears to give almost entirely p-substitution (cf. Buckles, 
Hausman, and Wheeler, J. Amer. Chem. Soc., 1950, 72, 2494). ™ From the rate data given in ref. b, 
and the orientation data given by Holleman (Rec. Trav. chim., 1904, 28, 257). ° Unpublished measure- 
ments. The chlorination of fluorobenzene by chlorine in acetic acid at 25° gave in 65% yield p-chloro- 
fluorobenzene, f. p. —31°. Authentic material had f. p. —27°. ” Unpublished measurements; cf. 
Orton and King, /., 1911, 99, 1372. ¢ Estimated by analogy with the data for nitration (ref. 5). 
‘ Holleman, Chem. Reviews, 1924, 1, 187. * Roberts, Sanford, Sixma, Cerfontain, and Zagt, /. 
Amer. Chem. Soc., 1954, 76, 4525. 
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Speaking generally, it can be seen that the o-values reflect to a greater extent the 
inductive than the electromeric effect of the substituent. The reasonable accordance 
between nitration and halogenation is of interest, and the divergences are in the direction 
that benzene derivatives tend to be relatively more reactive in halogenation than in nitra- 
tion, particularly when the substituent has high conjugative or hyperconjugative capacity. 

The above results are concerned with the effect of ortho-para-directing substituents on 
substitution at the para-position. The next problem concerns meta-substitution determined 
by similar groups. On this point, information in the literature is more scanty. Partial 
rate factors (f,,) for nitration directed by the groups Me, But, CH,Cl (Ingold, of. cit.) and 
for Cl, Br, and I (Roberts, Sanford, Sixma, Cerfontain, and Zagt, J. Amer. Chem. Soc., 
1954, 76, 4525) are plotted in Fig. 2. As the latter authors observe, there is a reasonable 
correlation between the o-values and the values of logy) fn. We are in general agreement 
with their views concerning the validity of the Hammett equation as it applies to nitration 
processes. 
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For halogenation by the halogen molecule, values for substitution meta to strongly ortho- 
para-directing groups are difficult to obtain. De la Mare and Vernon (loc. cit.), however, 
deduced, from data on the relative rates of bromination of anisole, the dimethoxybenz- 
enes, and methyl #-tolyl ether, that the experimental sequence of activating power, 
m-H <m-OMe<m-Me, could be written with some confidence. It is clear that this sequence 
could not be explained in terms of Hammett’s substituent (c) constants, which require a 
strongly deactivated position meta to the methoxyl group (MeO<H<Me). The results 
cannot be correlated either with the rates of f-substitution or with the o, values, which 
are in the order H<Me<OMe. 

Pearson, Baxter, and Martin (J. Org. Chem., 1952, 17, 154) have discussed the relative 
rates of overall halogenation in relation to the solvolyses of substituted diphenylmethyl 
halides, pinacol rearrangements, and reactions of para-substituted acetophenones. They 
note the failure of the Hammett relation in predicting detailed behaviour (e.g., when the 
alkyl group is varied), and suggest that new substituent constants, which they list for a 
limited number of substituents, should be used for electrophilic reactions. Their paper is 
valuable in that it emphasises that o-constants often vary with the reaction (cf. also Jaffe, 


Fic. 1. Hammett plot for electrophilic substitu- 
tion para- to ortho-para-directing groups. 
I Fic. 2. Hammett plot for nitration 
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and Berliner and Monack, /occ. cit.; Berliner and Liu, J. Amer. Chem. Soc., 1953, 75, 2417). 
It is difficult, however, to predict a priori which type of substituent constant should be 
used in any particular case. Thus the Hammett substituent constants predict the order 
of electron release, H>F, found in electrophilic nitration by the nitronium ion (Ingold, 
op. cit.), and electrophilic bromination by the H,OBr* or Br* ion (de la Mare, Ketley, and 
Vernon, Research, 1953, 6, S 15), but the opposite order is found both in electrophilic aro- 
matic substitution by the halogen molecule, and in nucleophilic aromatic substitution by 
piperidine of 4-substituted 1-bromo-2-nitrobenzenes. Similarly, the last two reactions, 
despite their different characters, reveal the hyperconjugation order for electron release by 
alkyl substituents, not shown in the Hammett substituent constants. In discussing sub- 
stituent effects in terms of deviations from the standard Hammett o-constants, one is 
using as a basis for comparison a set of values which introduce inductive and mesomeric 
influences, combined in amounts which cannot be quantitatively determined and vary with 
the substituent. It is for this reason that some writers prefer for many purposes to use 
Ingold’s approach (op. cit.), discussing reactions in terms of the separated inductive and 
mesomeric effects, with their time-variable analogues. This is the view taken by the 
present author in regard to electrophilic and nucleophilic displacements at aromatic centres ; 
it agrees essentially with that developed independently by Dr. G. Kohnstam in his work on 
the solvolyses of the substituted diphenylmethyl halides (C. K. Ingold and G. Kohnstam, 
personal communication). 
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The ideas developed in the present paper have benefited from associations with many of 
my colleagues, including Professor C. K. Ingold, F.R.S., Professor E. D. Hughes, F.R.S., Pro- 
fessor P. W. Robertson, and Mr. C. A. Vernon, to all of whom I am indebted. Furthermore, 
clarification of many points came by way of long and valued discussions on aromatic substitution 
with Professor E. Berliner and Dr. F. J. Berliner, during their stay at University College, London; 
in 1953. 
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An Evaluation of Methods using Stearic Acid and Cellulose for the 
Purification of Amylopectin. 
By G. A. GILBERT, C. T. GREENWOOD, and F. J. HyBart. 
[Reprint Order No. 5466.] 


Removal of residual amylose from amylopectin by selective precipitation 
with stearic acid has been claimed by Meyer and Gibbons (Helv. Chim. Acta, 
1950, 38, 210). In the present work, tests have been made of this method on 
amylopectin and a mixture of amylopectin and amylose. No selective 
precipitation has been found. It is shown that the apparent purification 
obtained by Meyer and Gibbons was due to a retention of stearic acid by 
amylose. In addition, the preferential adsorption of amylose by cellulose 
was found to be inefficient, and ineffective for the removal of the residual 
amylose in preparations of potato amylopectin. 


TRACES of contaminating amylose in the amylopectin product of a starch fractionation 
are easily detected and estimated by their preferential uptake of iodine (see, e.g., Bates, 
French, and Rundle, J. Amer. Chem. Soc., 1943, 65, 142; Watson and Whistler, Analyt. 
Chem., 1946, 18, 75; Nussenbaum, 7did., 1951, 23, 1478). Removal of this amylose is 
difficult. Tanret (Compt. rend., 1914, 158, 1353) believed that it could be removed by 
selective adsorption on cotton wool, and later work supported this (Baldwin, J. Amer. 
Chem. Soc., 1930, 52, 2907; Samec, Ber., 1940, 73, A, 85; Mullen and Pacsu, J. Amer. 
Chem. Soc., 1941, 68, 1168; Bates, French, and Rundle, loc. cit.). Schoch, Williams, and 
Schink (Schoch, Adv. Carbohydrate Chem., 1945, 1, 247; see p. 260) showed, however, that 
Tanret’s method had not removed the residual amylose and suggested that fatty acids 
extracted from the cotton wool had suppressed the iodine colour by which it was detected. 
Higginbotham and Morrison (J. Textile Inst., 1949, 40, T 208) agreed with this conclusion. 
Meyer and Gibbons (Helv. Chim. Acta, 1950, 33, 210) have claimed that complete purific- 
ation of amylopectin can be achieved by removing the contaminating amylose as an 
insoluble fatty acid complex obtained by shaking the crude amylopectin in aqueous solution 
with a suspension of stearic acid. These authors detected amylose, not by the colour of 
its iodine stain, but by quantitative potentiometric titration with iodine (Bates, French, 
and Rundle, Joc. cit.). In the work described below, it is shown that the results of Meyer 
and Gibbons can be repeated but that amylopectin is not purified by their treatment; 
their extraction procedure fails to remove all the stearic acid, thus preventing detection 
of the amylose by iodine. 

The amylose content of the amylopectin samples used was measured by the differential 
potentiometric method of Gilbert and Marriott (Trans. Faraday Soc., 1948, 44, 84). Calibra- 
tion experiments with mixtures of amylopectin and amylose showed that amylose is saturated 
at 20° with iodine at a concentration of free iodine (I,;~ + I,) of ca. 2 x 10-6m-I in 10-°m- 
potassium iodide, at which concentration the adsorption of iodine by amylopectin is only 
just beginning. To increase the accuracy of the titration, especially at low concentrations 
of iodine, a procedure was adopted which had been developed for a study of the dissociation 
constants of the amylopectin—iodine complexes (Gilbert and Hybart, unpublished work). 
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In this procedure, before the actual differential titration, excess of iodine was added to the 
solutions to be titrated in order to eliminate any impurities which would react irreversibly 
with iodine. Excess of thiosulphate was next added, and then further iodine until the 
electrodes were just depolarized, corresponding to the removal of thiosulphate. The 
titration was then carried out as in the original method. Repetition of any titration was 
possible by adding excess of thiosulphate and then iodine to the depolarization point 


before beginning the titration again. 


Fie 1. 
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Fic. 1. Effect of treatment with stearic acid on amylopectin containing traces of amylose. 
(a) Titration curves of amylopectin : ——-OQ—— before treatment, ——-l})—— after treatment and defatting 


with methanol. 
(b) Titration curves of amylopectin—amylose : (1) O—— before treatment, ——-)——— after treatment 
and defatting with methanol ; (2) after treatment but without defatting. 


Fic. 2. Effect of treatment with cellulose on amylopectin containing traces of amylose. 
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(a) Titration curves of amylopectin : (1) before and (2) after treatment. 
(b) Titration curves of amylopectin—amylose : (1) original amylopectin; (2) amylopectin—amylose; (3) 
treated mixture before defatting with methanol; (4) treated mixture after defatting with methanol. 


Meyer and Gibbons (loc. cit.) found that the step in the amylopectin titration curve 
which corresponds to residual amylose (see Fig. 1a) was no longer present after amylopectin 
had been treated with stearic acid. Amylopectin prepared from fresh undried potato 
starch from which amylose had been precipitated as a complex with thymol (Haworth, 
Peat, and Sagrott, Nature, 1946, 157, 19) was therefore treated by their method. To 
ensure complete removal of fatty acid, the treated amylopectin was extracted with hot 
methanol before titration. Fig. la shows that the stearic acid-treated amylopectin had 
the same content of amylose as the original sample, and that there had been no purification. 
This could have meant either that the residual amylose of this amylopectin was an integral 
part of the amylopectin and chemically bound, or that in Meyer and Gibbons’s measure- 
ments stearic acid was interfering with the adsorption of iodine by amylose. Treatment 
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with stearic acid was therefore repeated on a sample of amylopectin to which 2-75% of 
pure amylose had been added. The titration curve of the mixture before (curve 1) and 
after (curve 2) stearic acid treatment is shown in Fig. 1b. This time the result of Meyer 
and Gibbons was confirmed. The treated mixture was then subjected to extraction with 
hot methanol and titrated again, whereupon the original titration curve was once more 
obtained (Fig. 14). It can therefore be said that the only effect of treatment with stearic 
acid in accordance with the method of Meyer and Gibbons is to prevent the formation of 
the amylose-iodine complex, and that no amylose is removed even when it has been added 
to amylopectin, and is therefore certainly in an uncombined state. 

The use of defatted cotton wool for the purification of amylopectin was also investigated. 
A solution of amylopectin was passed through a column of cotton wool, and then extracted 
with methanol to remove any fatty acids. The titration curve of the product (Fig. 2a) 
was not significantly different from that of the original. The experiment was then 
repeated on the amylopectin-amylose mixture (2-75% of free amylose). Comparison of 
curves 2 and 4 of Fig. 2b shows that cotton wool removed a small proportion of amylose 
selectively from the mixture. Curve 3 shows the difficulty of defatting cotton wool 
completely, and the avidity of starch for fatty materials. The experiments thus do not 
rule out the use of cellulose for the preferential adsorption of amylose, but show it to be 
inefficient (it could not have been saturated as the amylose removed was only 0-008% of the 
weight of cellulose; cf. Higginbotham and Morrison, loc. cit.), and useless for the removal 
of amylose remaining in amylopectin prepared by the ‘“‘ thymol method ”’ of fractionating 
potato starch. They also give no indication of whether the residual amylose is an inherent 
part of the amylopectin molecule. 


EXPERIMENTAL 


Isolation of Amylopectin from Potato Starch.—Potatoes were pulped in m/100-sodium 
chloride in an ‘‘ Atomix’ blender at 0°, and the pulp was filtered through muslin. The 
resultant starch was washed by repeated sedimentation in m/100-sodium chloride at 0°, and 
then defatted with methanol-chloroform (1:2 v/v; 10 ml./1 g. of starch) (Folch, Fed. Proc., 
March 1950, p. 171). A dispersion of the starch (ca. 1%) was prepared by boiling the undried 
defatted granules in 0-1% sodium chloride for 25 min. with vigorous stirring. The solution 
was then cooled to 60° and excess of powdered thymol (4 g./2500 ml.) stirredin. After being 
kept at 30° for 84 hr., the amylose-thymol complex was removed on the centrifuge, and the 
resulting supernatant liquid filtered (Grade 4, sinter). To half of the filtrate were added ethanol 
(1 vol.) and a trace of sodium chloride; the resulting precipitate, after being refluxed with 
methanol, was redispersed in water and freeze-dried to give amylopectin (sample 1). The rest 
of the filtrate was kept at 0° for 9 weeks, filtered (Grade 4, sinter), and treated as above to 
give amylopectin (sample 2). 

Tveatment of Amylopectin with Stearic Acid.—A solution of amylopectin in water (sample I ; 
75 mg./10 ml.) was adjusted to pH 5 with acetic acid and shaken with a fine suspension of 
stearic acid (50 mg./0-2 ml. of ethanol). After filtration (Grade 4, sinter), the amylopectin was 
precipitated with ethanol (8 vol.; 0° for 18 hr.), and the resulting solid extracted with hot 
methanol (3 x 50 ml.) to remove stearic acid. After the product had been redissolved and 
freeze-dried, its iodine adsorption isotherm was determined differentially as described (Gilbert 
and Marriott, loc. cit.; Gilbert and Hybart, Joc. cit.). 

Treatment of a Mixture of Amylopectin and Amylose with Stearic Acid.—The mixture was 
prepared by freeze-drying an aqueous solution of amylopectin (sample 2; 200 mg.) and amylose 
(5-5 mg.). A portion was titrated with iodine. The mixture was then treated as above with 
stearic acid (80 mg./200 mg. of mixture) and filtered and the filtrate was freeze-dried. One 
portion of the freeze-dried solid was titrated directly, and another extracted three times with 
refluxing methanol before titration. 

Treatment of Amylopectin with Cotton Wool.—Cotton wool was defatted by Soxhlet extraction 
(12 hr.; methanol-chloroform, 1:1, v/v). After drying, the cotton (20 g.) was packed into a 
glass tube (1 cm. diam.) and wetted with water under vacuum. A solution of amylopectin 
(sample 1; 50 ml.; 1%) was passed slowly through the column (15 drops per min.) and then 
freeze-dried. After extraction by refluxing methanol, the product was titrated with iodine. 

Treatment of the Amylopectin-A mylose Mixture with Cotton Wool.—The above experiment was 
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repeated with the prepared mixture of amylopectin and amylose. Solution (0-2%; 85 ml.) was 
passed through a column (48 x 1 cm.) of cotton wool (12 g.) at a rate of 17 drops per min. The 
product was freeze-dried and titrated with iodine before and after extraction with boiling 
methanol. 
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The Chemistry of Boron. Part IV.* The Boron Chlorobromides. 


By L. H. Lone and D. DoLtimore. 
[Reprint Order No. 5537.] 


The boron chlorobromides are shown to exist, in spite of earlier failure to 
prepare them. They can be prepared by the partial chlorination of boron 
tribromide with antimony trichloride, but disproportionate rapidly at 
temperatures as low as —50°, which explains why it has not been possible to 
isolate them pure. Boron trichloride and tribromide are formed from the 
chlorobromides until equilibrium concentrations are set up, and the mixed 
halides can also be prepared by keeping mixtures of the simple halides at 
room temperature. Equilibrium is virtually established within a few hours. 

The boron chlorobromides have been identified by their Raman 
frequencies. The observed relative intensities for the simple and mixed 
halides present in an equilibrium mixture are compatible with random 
distribution of the halogen atoms. 


THE state of knowledge concerning the mixed halides of the rather similar elements boron 
and silicon presents a striking contrast. Whereas mixed halides of silicon have been known 
for over a century, and almost all the members of this group of compounds have in recent 
years been prepared in quantity and adequately characterised by Anderson and his 
collaborators, very little is known about the corresponding compounds of boron: no mixed 
halide of boron has been isolated in bulk, and only the bromoiodides BBr,I and BBrI, have 
been prepared in small amounts. Besson (Compt. rend., 1891, 112, 1001) made these by the 
action of hydrogen iodide on boron tribromide vapour in a heated tube, but he failed to 
prepare them from elementary boron and iodine monobromide (zdid., p. 1314). 

In theory, at least, the boron chlorobromides should be preparable in ways analogous to 
some of the numerous methods employed to produce silicon chlorobromides (Friedel and 
Ladenburg, Annalen, 1867, 143, 118; 145, 179; Besson, Compt. rend., 1891, 112, 788; 
Besson and Fournier, ibid., 1911, 152, 603; Schumb and Anderson, J]. Amer. Chem. Soc., 
1937, 59, 651): of these, the most important is the interaction of chlorides with silicon 
tetrabromide. In the present study, therefore, the first attempts to prepare the boron 
chlorobromides were by the partial chlorination of boron tribromide with various chlorides. 
Replacement of bromine by chlorine, though without the recognised formation of either 
boron chlorobromide, has been shown to occur with arsenic trichloride and antimony tri- 
and penta-chlorides (Tarible, Compt. rend., 1901, 182, 204) as well as with carbon tetra- 
chloride (Gustavson, Ann. Chim. Phys., 1874, 2, 200), but the investigators concerned were 
not looking for the intermediate compounds. However, a special search for the boron 
chlorobromides has been unsuccessfully made by Forbes and Anderson (J. Amer. Chem. 
Soc., 1940, 62, 761), who examined in turn the action of sulphur monochloride, stannic 
chloride, titanium tetrachloride, hydrogen chloride, and silicon dichlorodibromide on boron 
tribromide, as well as that of a chlorine-bromine mixture on elementary boron. No other 
attempt to prepare the boron chlorobromides appears to have been reported. 

In the present investigation, the possibility of partially chlorinating boiling boron 
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tribromide with the chlorides of silver, mercuric mercury, and tervalent antimony has been 
examined. Silver chloride produces a negligible reaction, but a slow reaction occurs with 
mercuric chloride and a moderately fast one with antimony trichloride. The last reaction 
is particularly convenient and occurs with gentle warming in a water-bath. By using a 
quantity of antimony chloride insufficient to replace all the bromine, a product containing 
both chlorine and bromine and boiling at a temperature intermediate between the 
boiling points of boron trichloride and tribromide may be obtained. One has the choice of 
refluxing for about two hours followed by distillation of the product, or, by adjusting the 
temperature of the bath, of distilling over the product boiling below a chosen temperature 
(say 50°) through a fractionating column as it is formed, thus preventing it from reacting 
with further antimony trichloride. 

In the absence of air the partially chlorinated product can be kept indefinitely. It is 
also stable when distilled rapidly. The product does not possess the physical properties of a 
mixture of boron trichloride and tribromide, and only small quantities of the simple halides 
are obtained on a single fractionation. Rather, its physical behaviour is essentially that of 
a mixture of the two boron chlorobromides. However, the behaviour on repeated fractional 
distillation indicates progressive disproportionation, with the fairly rapid establishment of 
a new halogen-distribution equilibrium in each fraction. Attempts to isolate the respective 
boron chlorobromides pure therefore fail, and the ultimate products of repeated fraction- 
ation are the trichloride and tribromide. 

Attempts have therefore been made to separate the boron chlorobromides at low 
temperatures by fractional condensation in vacuum apparatus, but it was found that 
disproportionation occurred more or less as rapidly below —50° as at room temperature. 
Clear evidence was obtained for the existence of the mixed halides as well as for progressive 
disproportionation. Thus, considerable quantities of material which condensed at —84° in 
one fractional condensation failed to condense at the same temperature in a successive 
fractionation, while large amounts of material which originally distilled from a bath at 
—57° became involatile at that temperature during the next fractionation. (Under the 
high-vacuum conditions employed, boron trichloride does not condense at —84° and boron 
tribromide does not distil at —57°). Because of high mutual solubilities of all the species 
present, no large change in vapour pressure is observed when disproportionation proceeds 
in a closed system. 

In view of the observed disproportionation, it should in theory be possible, if an 
equilibrium of the type BC], + BBr, == BCI,Br + BCIBr, occurs, to prepare the boron 
chlorobromides by keeping mixtures of boron trichloride and tribromide at room 
temperature. This has been verified to be the case, and mixtures which had been standing 
only a comparatively short time could not be rapidly separated again by fractionation 
through a column that effected an immediate and almost complete separation of mixtures 
of other liquids of similar boiling points. From the degree of reversed disproportionation 
which was observed to occur in one hour, it is apparent that the rate of reaction is such as 
to establish effectual equilibrium within a very few hours. A similar redistribution reaction 
occurs between the chlorides and bromides of carbon, silicon, germanium, and tin 
respectively (Forbes and Anderson, J. Amer. Chem. Soc., 1944, 66, 931), although with 
carbon and silicon high temperatures are required—Anderson (ibid., 1945, 67, 859) found 
70 hours at 140° necessary for a mixture of silicon tetrachloride and tetrabromde. It thus 
appears that boron resembles germanium and tin in this respect rather than silicon, since 
the equilibrium involving the boron chlorobromides cannot be “frozen” at room 
temperature, as is the case with the silicon chlorobromides. The distillation curve observed 
for the trichloride-tribromide mixture of boron is identical in principle with the curve 
obtained by Forbes and Anderson (loc. cit., 1944) for the mixture of the stannic compounds. 
Their failure to find evidence for the existence of the boron chlorobromides (loc. cit., 1940) 
must therefore be attributed to the adoption of too stringent means of separating the 
products of their reactions. 

Two physical methods were employed to attempt to verify the formation of the chloro- 
bromides. The first was to study the change of dielectric constant of boron trichloride- 
boron tribromide liquid mixtures with time. In theory, the molecules of the mixed halides 
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should possess small dipole moments, while the simple halides do not, so that the formation 
of the mixed halides should increase the dielectric constant. Although an increase was 
detected in preliminary experiments at 0° in a cell of the type described by 
Le Févre (“ Dipole Moments,” Methuen, London, 2nd Edn., 1948, p. 35), the effect 
observed within 24 hr. of mixing the boron trichloride and tribromide was so small, being 
only about five times the minimum change observable with the apparatus available, that 
the experiments were abandoned as inconclusive. 

The second method involved the study of the Raman frequencies of partially chlorinated 
boron bromide. Here the effect was unmistakable. A number of new frequencies were 
observed which belonged neither to the trichloride nor to the tribromide, and for a mixture 
containing roughly equal quantities of chlorine and bromine, the strongest at 347 and 
408 cm.~ were more pronounced than the frequencies due to the trichloride and tribromide, 
which were also present. This confirms that all species are simultaneously present in 
equilibrium, and further indicates that the equilibrium (p. 4458) lies somewhat over to the 
right. The frequency 347 cm.~? is relatively stronger in bromine-rich, and that at 408 cm.~! 
in chlorine-rich, mixtures. The position of these frequencies relative to the symmetric or 
“breathing ” frequencies of the simple halides suggests that they can be identified with 
the corresponding frequencies for the species BCIBr, and BCI,Br respectively : 


Species BCI, BCl,Br BCIBr, BBr;, 

“‘ Breathing ”’ frequency, cm. ... 471 408 347 279 
WW -—,-——- ~————* — — 

Be GU cisnedipetee ert dest kde caine ued oc 63 61 68 


For a mixture in which half the halogen was chlorine and half bromine, random 
distribution would involve all four species in the ratio 1 : 3: 3:1. The observed intensities 
for such a mixture imply that the distribution of halogen is indeed random, or at least 
nearly so. Precisely the same Raman frequencies are observed whether measurements are 
taken on partially chlorinated boron tribromide or on boron trichloride—tribromide 
mixtures. Because of the long exposures required (several hours), study of the kinetics of 
the redistribution reaction is not possible by this method. 

The establishment of the existence of the boron chlorobromides in this way after earlier 
failure finds a parallel in the similar case of the chlorobromides of tin (Trumpy, Z. Physik, 
1930, 66, 790; Delwaulle and Francois, Compt. rend., 1944, 219, 64), and one that 
emphasises the danger of drawing hasty conclusions. The corresponding compounds of 
silicon (tdem, tbid., p. 335) and, very recently, those of germanium (Delwaulle, zbid., 1954, 
238, 84) have also been identified by Raman spectroscopy. 

The low activation energy required for the redistribution reaction of boron trichloride— 
tribromide mixtures in order that it may proceed at and far below room temperature, 
suggests an intermediate step, which may be the effect of a slight tendency to dimerise : 
BC], + BBr, == B,Cl,Br, === BCI,Br + BCIBrg, but there is a possibility that a slight 
degree of ionisation of the type BBr, + BCl, == BBr,” + BCI,Br’ == BCIBr, + BCI,Br 
might be responsible. Either mode of rearrangement would exhibit an unusual 
temperature-dependence. 


EXPERIMENTAL 

Materials.—Boron trifluoride was at first prepared by methods described by Booth 
(‘‘ Inorganic Syntheses,’’ McGraw-Hill, New York, Vol. I, 1939, p. 21), but was later available in 
cylinders under pressure. The boron trichloride was from a commercial source containing much 
dissolved hydrogen chloride which was readily removed by a number of fractional condensations 
in vacuo. For the preparation of boron tribromide, bromination of the trifluoride according to 
Gamble, Gilmont, and Stiff’s method (J. Amer. Chem. Soc., 1940, 62, 1257) was found to be the 
most convenient, except that it proved to be simpler not to distil the aluminium bromide into 
the reaction flask but to prepare it in situ from the elements and remove excess of bromine by 
redistilling the resultant boron tribromide over mercury before refractionation. 

Attempts to effect Partial Chlorination of Boron Tribromide.—In general, pure boron tri- 
bromide was refluxed for several hours in the absence of moist air with a quantity of the 
anhydrous metal chloride sufficient to replace two-thirds of the bromine present, complete 
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reaction being assumed. The product was then distilled off through an efficient fractionating 
column. A guard trap cooled in liquid oxygen was employed, but in no case did a significant 
quantity of boron trichloride (b. p. 12-5°) condense in it. 

With silver chloride. Boron tribromide (24-9 g.) was refluxed with silver chloride (28-6 g.) 
for 2} hr. No appreciable reaction occurred and most of the boron tribromide was subsequently 
recovered, although it began to distil 4° below its true b. p. of 90-5°. 

With mercuric chloride. Boron tribromide (20-2 g.) was refluxed with coarsely crystalline 
mercuric chloride (22 g.)._ After 30 min. the liquid became cloudy, suggesting a slow reaction. 
After 12 hr. the product was fractionated, yielding 0-75 ml. of a more volatile head fraction 
which commenced to distil at 40°. Repetition using a larger proportion of mercuric chloride, 
finely crushed, did not materially improve the yield of the more volatile fraction, suggesting 
that the rate of reaction may be limited by the low solubility of the salt in boron tribromide. 

The volatile head fraction was transferred to a high-vacuum apparatus for examination. 
After the presence of chlorine as well as bromine had been proved qualitatively, weighed samples 
were analysed by determining (a) the vapour density and (b) the number of moles present by 
hydrolysis and subsequent titration of the total hydrogen halide produced against standardised 
sodium hydroxide : 


Weight of Sibetance CAMA LG.) cos. cicccsec cs coccnsenscey sevens see . 0-2142 

No. of moles present (by titration) — .............cccsssecsceeee ces 0-001513 
Hence moles % of Br “eee ‘sd Cl. sisiins vosawines 17 81-7 
Mean mol. wt. (calc.) .... no etete titan on unhod detec: ne 141-6 
Mean mol. wt. (from v.d. ) ons 80dascaseenaes aaa 139-6 

With antimony trichloride. Boron tribromide (25 g.) was refluxed for 11 hr. with antimony 
trichloride (15 g.). Reaction was much more pronounced than with mercuric chloride. On 
subsequent distillation all the liquid distilled over the temperature range 32—50°, leaving 23 g. 
of solid containing all the elements participating in the reaction. The distillate contained boron, 
chlorine, and bromine, but no antimony. Later experiments indicated a refluxing time of 
2—3 hr. to be sufficient. 

Behaviour of Partially Chlorinated Product on Fractional Distillation.—The distillate from the 
previous experiment could be redistilled without noticeable change, but progressive 
disproportionation occurred on attempting to isolate the chlorobromides by slow fractional 
distillation. Thus a total of 106-8 g. of the partially chlorinated product from a number of 
experiments yielded on the first slow fractionation (several hours) through a long and efficient 
column the following fractions: b. p. 25—35° (20-1 g.), 35—55° (21-4 g.), 55—80° (19-4 g.), 
80—90° (40-0 g., mainly BBr,). The three lighter fractions were each refractionated through 
the same column, ng being — at 25°, 32-5°, and 70°. The combined fractions obtained 
were: b. p. 21-5—25° (14-6 g.), 25—32-5° (10-5 g.), 32-5—70° (13-0 g.), 70—90° (15-9 g.). Thus 
far only small amine of soul trichloride had condensed in a liquid-oxygen guard trap. 
With successive refractionations the amount of material boiling in the range 30—70° decreased, 
while appreciable quantities of almost pure boron trichloride and boron tribromide were isolated. 

Behaviour of Partially Chlorinated Product on Fractional Condensation at Low Temperatures .— 
A grease-free vacuum system was employed. In order to start with a liquid boiling almost 
exactly halfway between the b. p.s of boron trichloride and tribromide (and hence likely to 
contain the two chlorobromides in approximately equal proportion), the method of preparing 
the partially chlorinated product was modified. Boron tribromide (90 g.) and antimony 
trichloride (55 g.) were heated in a Kon flask over a water-bath until a distillate began to come 
over through the fractionating arm. Raising the temperature of the water-bath caused the 
temperature registered by the thermometer in the fractionating arm to rise, and vice versa. 
By carefully controlling the bath temperature, it was possible to keep the product distilling as 
it was formed at a temperature close to 50°, thus avoiding complete chlorination to boron 
trichloride while preventing appreciable quantities of boron tribromide from distilling. The 
distillate was collected in a trap cooled in liquid oxygen. 

About 9 ml. of the distillate were transferred to the vacuum apparatus and subjected to 
fractional condensation in vacuo with the baths at the following temperatures (+2°) : 
trap A —57°, trap B —84°, trap C —183° (liquid oxygen), these having been chosen so that 
practically no boron tribromide would distil from trap A, while most of the chlorobromide would 
condense in trap B and almost all the trichloride pass on to trap C. At the end of the first 
fractional condensation (requiring close on 3 hr.), approximately 2 ml. of material had collected 
in trap C and 5 ml. in trap B (liquid), while 2 ml. remained in trap A (mostly solid). (Had the 
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mixture consisted entirely of boron trichloride and tribromide, the final distribution would have 
been very different, and trap B would have been almost empty.) The head portion of the tail 
fraction in trap A had v. p. 71 mm., and the tail portion of the head fraction in trap C 294 mm. 
at 0° (cf. 19-3 and 475 mm. at 0° for BBr, and BCI, respectively). The evidence from this is 
that, in addition to boron trichloride, trap C contained a fair amount of less volatile material, 
which however could hardly be boron tribromide uncondensed by trap B at —84°. 

The middle fraction in trap B was subjected to two further fractional condensations as before 
with the following results (v. p.s at 0° given in parentheses) : Second fractionation, trap A ~1 ml. 
(45 mm.), trap B ~3 ml. (150 mm.), trap C ~1 ml. (321 mm.) ; third fractionation, trap A ~0-7 ml. 
(38 mm.), trap B ~1-6 ml. (138 mm.), trap C ~0-7 ml. (297 mm.). These results indicate 
progressive disproportionation. Vapour-density determinations on the middle fraction from 
the final fractional condensation gave: Found (most volatile portion), 75-1; (least volatile 
portion), 100-9 (BC1,Br requires v.d. 80-8; BCIBr,, 103-1). This is consistent with the presence 
of both chlorobromides in this fraction. 

Behaviour of Boron Trichloride and Boron Tribromide on Mixing.—Pure boron tribromide 
(20 ml.) was added to an equal volume of pure boron trichloride and the mixture kept in a Kon 
flask for only 30 min. On distillation, the temperature in the side arm rose continuously from 
22° to 90°. More than half of the liquid distilled below 50°, and only 3 ml. of boron bromide 
distilling at 90° were recovered at the end of the fractionation (about 1 hr. after mixing). With 
a difference in b. p.s of 78°, had there been no interaction the separation into boron trichloride 
and tribromide would have been nearly complete. To test the efficiency of the column, a 
mixture of ethyl chloride and ethyl] iodide (difference in b, p.s 61°) was similarly treated, and 
almost complete separation was obtained at a single fractionation. 

Raman Spectra.—A partially chlorinated boron bromide product boiling at about 50° and 
prepared as before was distilled into an optical vessel for comparing its Raman spectrum with 
the spectra of samples of pure boron trichloride and tribromide in identical vessels. Whereas 
with the apparatus employed and exposures of several hours’ duration two frequencies were 
observed for the trichloride (253, 471 cm.-!) and two for the tribromide (151, 279 cm.-1), yet the 
product containing both bromine and chlorine exhibited ten frequencies, namely, these four 
frequences weakly and six new frequencies (168, 197, 212, 223, 347, 408 cm.“), those at 347 and 
408 cm. being particularly strong. The same lines were observed when the tubes were filled 
with mixtures of boron trichloride and boron tribromide. By varying the trichloride—tribromide 
ratio, it was possible from the change in relative intensities to associate the frequencies 212, 
223, and 408 cm.-! with BCI,Br and those at 168, 197, and 347 cm. with BCIBr,. A fuller 
account of the Raman studies of these compounds will be published elsewhere. 
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Kinetics and Mechanisms of Nucleophilic Displacements in Allylic Systems. 
Part VIII.* The Reactivities of Allylic Chlorides towards Bimolecular 
Substitution without Rearrangement. 

By C. A. VERNON. 
[Reprint Order No. 5543.] 


The reactivities of a series of allylic chlorides towards the S,2 mechanism 
of nucleophilic substitution have been determined. The reactions principally 
studied have been those with ethoxide ions in ethanol and with chloride ions 
in acetone. In the latter case, the radio-isotope **Cl has been used to follow 
the reactions. Similar studies have been made, for comparison, on propargyl 
chloride and on some alkyl chlorides. It has been found that, towards the 
Sy2 mechanism, allylic chlorides are more reactive than the corresponding 
saturated compounds, and that, unlike the latter, they do not give elimin- 
ation products (except in the case of 1-methylallyl chloride). Electron- 
releasing substituents in the y-position facilitate bimolecular substitution but 
the effect is small compared with that found for the unimolecular processes. 
The effect of change of solvent has been investigated and shown to be 
frequently opposite in direction to that found for alkyl chlorides. The 
theoretical implications of the findings are discussed. 


In Part V (Vernon, J., 1954, 423) the reactivities of a series of allylic chlorides towards 
the unimolecular mechanism of nucleophilic substitution were studied; in the present 
paper a similar study of bimolecular substitution without rearrangement (Sy2) is reported. 
The range of nucleophilic substituting agents employed included ethanol and aqueous 
ethanol, in solvolytic reactions, and the basic ions derived from them; also chloride ions 
(giving a symmetrical exchange) in acetone. 

Several investigations of the Sy2 substitution process in allylic chlorides have been 
reported, the most extensive being that by Hatch and his co-workers (see, especially, 
Hatch and Alexander, J]. Amer. Chem. Soc., 1949, 71, 1037; Hatch, Gordon, and Russ, 
ibid., 1948, 70, 1093), who measured rates of reaction, mostly at one temperature, between 
allylic chlorides and ethoxide ions in ethanol and iodide ions in acetone. This work and 
that by other authors is later referred to and discussed in conjunction with results obtained 
in the present investigation, the main objects of which have been to study the effect of 
alkyl-group substitution and of solvent changes cn the Sy2 reactivity of allylic chlorides, 
and to compare the behaviour of these compounds with that of their saturated analogues. 


EXPERIMENTAL 


(a) Materials.—n-Butyl chloride and sec.-butyl chloride were prepared from commercial 
samples, which were washed with aqueous sodium hydrogen carbonate, dried (CaCl,), and 
fractionated. The products had, respectively, b. p. 78-4—78-6°/760 mm., 7? 1-3986, and b. p. 
68-3—68-6°/760 mm., n? 1-3948. 

isoButyl chloride was obtained from a good commercial sample, which was washed with 
potassium carbonate solution until no more acid was liberated, dried (CaCl,), and fractionated. 
The product had b. p. 69-2—69-3°/769 mm., n> 1-3942. 

Propargyl chloride was prepared by adding dropwise a slight excess of purified thionyl 
chloride to a cooled mixture (0°) of anhydrous propargyl alcohol (18 g.) and benzene (100 c.c.), 
efficient stirring being maintained throughout the addition. The mixture was then refluxed 
for 1 hr., pyridine (1 g.) added, and refluxing continued for a further hour. The resulting 
solution was fractionated, all the material boiling below 78° being collected. The distillate was 
then washed with water and aqueous sodium hydrogen carbonate until neutral, dried (Na,SO,) 
and refractionated in a helix-packed, externally heated column 3’ long, a small quantity of 
benzene being used as a ‘‘ chaser.’’ There were obtained 17 g. (70%) of propargyl chloride, 
b. p. 56-3—56-6°/753 mm., 125 1-4317 * (Found: C, 48-2; H, 4-6; Cl, 47-6. Calc. for C,H,Cl: 
C, 48-3; H, 4:1; Cl, 47-6%). 

* Part VII, J., 1954, 3679. 
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Dioxan was purified by Vogel’s method (‘‘ A Textbook of Practical Organic Chemistry,’’ 
p. 175, Longmans, Green & Co., 1948) and dried by refluxing with metallicsodium. Acetone was 
purified by refluxing for several hours with potassium permanganate, followed by fractionation 
through a small Vigreux column. Immediately before use, the acetone was distilled. from 
anhydrous magnesium perchlorate. 

Nitromethane was purified by distillation, followed by refluxing for several hours in a stream 
of nitrogen. After drying (CaCl,), it was refractionated, the fraction of b. p. 101° being 
collected. 

Other materials and solvents were as described in Part V (loc. cit.). 

(b) Rate Measurements on Reactions in Ethanol and Aqueous Ethanol.—Techniques were as 
described in earlier parts (see especially Part V, Joc. cit.). 

First- and second-order rate coefficients were calculated from the formule, k, = (2-303/t) 
logy, a/(a — x); kh, = [2-303/t(a — b)] log, b(a — x)/a(b — x), the symbols having their 
customary significance. In cases where the value of the appropriate rate coefficient decreased 
as the reaction progressed, as for example, in the solvolytic reactions in ethanol where the 
liberated acid was partly removed by reaction with the solvent, the initial value was found by 
graphical extrapolation. 

For those reactions involving ethoxide ions in ethanol or hydroxide ions in aqueous solvents 
in which mixed-order kinetics were observed, owing, formally, to the incursion of a substantial 
solvolytic contribution, second-order rate coefficients were calculated by the method of Hughes, 
Ingold, and Shapiro (J., 1936, 225). In these instances the coefficient calculated by the 
straightforward application of the above formula is written as k,’ and the corrected coefficient as 
k,. The analysis was not attempted where #,’ and k, would differ by more than 20%. 

Details of a typical run with allyl chloride (0-1079m) and sodium ethoxide (0-1396m) in 
ethanol at 44-6° are given below, ’, being in the units 1. mole min.“ (here and later) : 


Portions of 5-51 c.c. titrated after addition of 15-34 c.c. of 0:0722N-HCl; 0-0338N-NaOH was used 
for titration. 
t t t 
(min.) Titre 102, (min.) Titre 10k, (min.) Titre 10%, i 102k, 
0 10-0 — 141 13:02 1-06 260 14:98 1-07 
50 11-19 1-06 185 13-78 1-06 300 15-50 1-07 
89 12-01 1-06 231 14°53 1-07 330 15:87 1-07 
102k, (mean) = 1-07. 


Details of a run with 3: 3-dimethylallyl chloride (0-0519m) and sodium ethoxide (0-0977M) 
in ethanol at 35-0°, in which the correction for concomitant solvolysis has been applied, are : 

Portions of 5-00 c.c. titrated. After addition of 10-34 c.c. of ethanolic hydrochloric acid (0-0875N) 
and 50 c.c. of cooled ethanol, sodium ethoxide (0:0254N) in ethanol was used for the titrations and 
lacmoid was employed as indicator. 

t 
Titre ‘ (min.) Titre 1072,’ 10k, Titre 107k,’ 10k, 
16-40 93-0 21-02 7°84 6-36 20: 23-58 8-16 6-65 
17-74 , 143 22-33 7-78 6-30 24-39 8-54 6-95 
18-83 5: 165 22-90 8-02 6-51 26-64 —_ —_ 
19-78 
102k, (mean) = 6-45. 

Arrhenius parameters were found from measurements of rate coefficients at different 
temperatures. Where accurate measurements over an extended temperature range were 
possible, determinations at five different temperatures were made, and the results treated by 
the method of linear regression. For example, with 3-methylallyl chloride (0-10m) and sodum 
ethoxide (0-15m) in ethanol, the following data were obtained : 

FORD. Uk. 2 a ili liotie Weis dgetss = EOS 35-1° 44-6° 60-2° 74-95° 
LORg (i. mae mi os eich de cwtcenienddes 0-344 1-08 2-95 13-2 49-5 
These results give E = 20-47 kcal./mole (standard deviation 0-11 kcal./mole), logy, B = 12-60. 


(c) Determination of the Amount of Olefin produced from Saturated Chlorides.—An extraction 
method, similar to that described by Hughes, Ingold, Masterman, and MacNulty (J., 1940, 911), 
was used, the difference being that the extraction was carried out in a closed apparatus 
designed by Dr. B. M. Wepster, to whom the author is indebted, in which the pressure was 

* These physical constants are in good agreement with those reported by Hatch and Chiola (/. 
Amer. Chem. Soc., 1951, 78, 360). The correct boiling point is 9° lower than that originally given by 
Henry (Ber., 1875, 8, 398). 
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initially reduced below atmospheric, thus allowing the introduction of several portions of 
carbon tetrachloride for extraction purposes. The apparatus had an upper and a lower section, 
and by suitable adjustment of the initial pressure in the two sections, the extract from the upper 
could be run into the lower without opening the apparatus to the atmosphere. By the use of 
this closed apparatus losses of olefin due to volatility were eliminated. The olefin produced in 
tubes taken at the time-zero (¢ = 0, after the period of warming in the thermostat) and in 
tubes taken at complete reaction (¢ = 00) was estimated by extraction, as described above, of 
the acidified solution with three portions of carbon tetrachloride, followed by reaction in the 
dark with a slight excess of standard bromine in carbon tetrachloride. After addition of 
potassium iodide solution, the residual halogen was titrated with standard sodium thiosulphate 
solution. Details of a typical experiment with isobutyl chloride (0-0907N) and sodium ethoxide 
(0-1800m) im ethanol at 76-9° are given below : 


Portions of 10-0 c.c. of bromine solution (0-0504n) were added to the extract in each case. Titres 
refer to c.c. of 0-0344Nn-sodium thiosulphate. 
t = 0 titres “23 15-20 14-91 15-05 — Mean, 15-09 
t o titres § 2-71 2-72 2-69 2-69 » 2°76 
Mean °% of olefin formed = 42-5. The total second-order rate coefficient for the reaction (k,) was 
found to be 11-4 x 10-4 1. mole! min.-!. Hence 10*k, (E,) and 104k, (Sy2) are respectively 4-84 and 
6-56 1. mole min.“. 


(d) Search for the Products of Elimination from Allylic Chlorides.—The bromination method 
described above (c) could not be used satisfactorily where the substitution product was itself 
unsaturated. For allyl and 1- and 3-methylallyl chlorides, the possible products of elimination 
of hydrogen chloride were therefore sought by direct isolation. Reaction mixtures containing 
10—20 g. of organic chloride were sealed in tubes and heated at 44-6° until no further reaction 
occurred. The resulting solution was then fractionated in a column especially designed to 
detect small quantities of low-boiling substances. The column, which had a sealed-on, silvered, 
evacuated jacket, consisted of a tube, 45 cm. in length and of 7 mm. internal diameter, down 
the centre of which was a coaxial glass rod of 5 mm. diameter. Use of a partial condensation 
still-head enabled a small proportion of the vapour traversing the length of the column to be 
passed through a capillary tube and condensed in a cooled receiver. The temperature of the 
vapour was measured by a copper—constantan couple. 

1-Methylallyl chloride (10-98 g.) and 150 c.c. of ethanol containing sodium ethoxide (1-6N) 
were allowed to react completely in a sealed tube at 44-6°. By using the fractionating column 
described above, there was obtained from the products, 0-65 g. of butadiene, b. p. 
—5°, representing 10% of elimination. By reaction with bromine in carbon tetrachloride 
(Kistiakowsky, Ruhoff, Smith, and Vaughan, J. Amer. Chem. Soc., 1936, 58, 146) there were 
isolated, after recrystallisation from ethanol, colourless needles of racemic 1: ?: 3: 4-tetra- 
bromobutane, m. p. 115-5°, unchanged on admixture with an authentic specimen. A duplicate 
experiment gave 11-4% of elimination. In 50% aqueous ethanol,* both in the absence and on 
the presence of sodium hydroxide (1-7N), 1-methylallyl chloride gave no butadiene. 

From the products of reaction of 3-methylallyl chloride and sodium ethoxide (1-6N) in 
ethanol no fraction boiling below the b. p. of ethanol was obtained. Presumably no elimination 
product was formed. Similarly, allyl chloride and sodium ethoxide (1-6N) in ethanol gave no 
allene. 

The absorption at 2200 A of the products of reaction of 3: 3-dimethylallyl chloride and 
sodium ethoxide (0-50n) in ethanol was determined in a Unicam ultra-violet spectrophotometer, 
Model S.P. 500. The optical density recorded corresponded to a yield of isoprene of not more 
than 2-:5%. 

(e) Exchange Reactions with Radioactive Chloride Ions.—An acetone solution of lithium 
chloride, containing the radio-active isotope Cl, was prepared as described by Brown and 
Ingold (J., 1953, 2680). The following technique (de la Mare, Ph.D. Thesis, London, 1948) was 
used for the kinetic experiments. Aliquot portions of a solution of the organic chloride in 
acetone and of the lithium chloride solution were sealed in tubes, which were heated in a 
thermostat, removed at appropriate time intervals, and cooled in alcohol—carbon dioxide slush. 
The volatile components of the solution (acetone and organic chloride) were then pumped off at 
low temperature, several additions of dry acetone being made to ensure complete removal of 
the organic chloride. The remaining lithium chloride was then dissolved in water and the 
radioactivity and chloride-ion concentration of the solution were determined by conventional 


* An x% aqueous solvent means that x vols, of water and (100 — +) vols. of the solvent were mixed. 
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means. A “ blank ’”’ tube taken at the end of the warming period in the thermostat and an 
aliquot portion of the original lithium chloride solution were similarly treated. Comparison of 
these two gave the extent of exchange occurring in the warming period. The counts per 
minute found for all the samples were corrected to refer to a solution of some fixed chloride-ion 
concentration. Second-order rate coefficients were calculated from the formula 


_ 2-303 1 — x,(1 + b/a)/c 
2 a+b) 8") —x,(1 + b/a)/c 


where ¢ measures the time from the time-zero (the blank tube), a and b are the concentrations of 
organic chloride and lithium chloride respectively, +,/c and %,/c are the ratios of the con- 
centration of radioactive organic chloride to the total concentration of radioactive chloride at 
the time zero and at any time /, respectively. Details of a typical run with n-propyl chloride 
(0-1040m) and lithium chloride (0-0268m) in acetone at 44-6° are given below. The original 
lithium chloride solution gave 2942 counts per min. 

SS rere re 0 4325 5518 8563 10,080 11,520 


Counts/min. ......c.scccc0ssceeeee * 2047 2647 2515 2386 2282 2202 
10¢k, (1. mole min—) .......... — 2-41 2-81 2-34 2-52 2-52 


kh, = 2-52 x 10-1. mole™ min... 


Results.—Data for the reactions of some allylic chlorides in ethanol and aqueous ethanol are 
given in Table 1. First-order rate coefficients (k,) (see Table 1) have been calculated in most 
cases, initial values being given where the reactions were of second order. The effect of addition 
of alkali on reaction rate can hence conveniently be found by comparison of the appropriate 
values of Rk. 

The reaction between propargyl chloride and sodium ethoxide in ethanol gave, as previously 
noted by Hatch and Chiola * (/oc. cit.), values of k, which decreased as the reaction progressed. 
A similar effect was found to occur in aqueous ethanol; the solvolytic reaction in this solvent 
was, however, normal and gave constant coefficients. Because of this disturbance, which 
appeared to be due to changes occurring later in the reaction, the initial values of the rate 
coefficients were taken as representing the rates of the substitution processes. 

The products of reaction of 1-methylallyl chloride with sodium ethoxide in ethanol have 
been investigated by several groups of workers (Roberts, Young, and Winstein, J. Amer. Chem. 
Soc., 1942, 64, 2157; Catchpole and Hughes, J., 1948, 4; de la Mare and Vernon, /J., 1953, 
3555), and it has been shown that the substitution product arises almost completely from normal 
(Sy2) substitution. It has now been found that an elimination process, comprising about 10% 
of the total reaction, is also present. The extent of this has been determined, at an alkali 
concentration ca. 1-6N, by direct isolation of the volatile elimination product (butadiene), and 
the value recorded (10:7%) may well be too low. This error is likely to be partially 
compensated, however, by assuming the same value to be correct at the lower concentration of 
base (ca. 0-2N) used in the kinetic study. On this basis an approximate value of k, for the 
S,2 process is recorded. 

The reactions with sodium ethoxide in ethanol of cinnamy] chloride and 3 : 3-dimethylallyl 
chloride have been reported (Hatch and Alexander, J. Amer. Chem. Soc., 1950, 
72, 5645; Hatch and Gerhardt, ibid., 1949, 71, 1677) as being too rapid for measurement. 
This conclusion is erroneous and arises from the use of an analytical method which is inapplicable 
for compounds readily hydrolysed by water. In fact, both reactions can be studied 
conveniently in the temperature range 20—50°; appropriate rate coefficients are given in 
Table 1. 

The results of a study of the elimination and substitution reactions of four alkyl chlorides, 
chosen for purposes of comparison with allyl chloride and the three monomethyl-substituted 
allyl chlorides, are given in Table 2. No extensive data for these compounds have previously 
been reported; the corresponding bromides have, however, been thoroughly investigated 
(Dhar, Hughes, Ingold, and Masterman, J., 1948, 2055; Dhar, Hughes, and Ingold, id7d., 
p. 2058). The mixture of olefins formed from sec.-butyl chloride has not been analysed; it 
has been assumed that the proportions in which the two possible isomers are formed are the 
same as from the corresponding bromide (Dhar, Hughes, and Ingold, Joc. cit.). 

Rates of the exchange reactions, measured by the use of the radioactive isotope **Cl, of some 
allylic chlorides and chloride ions in acetone are given in Table 3. Corresponding data for 


* These workers were, however, in error in supposing that the reaction did not go to 100% completion. 
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TABLE 1. 


Compound 
CH,:CH:CH,°Cl 


CH,:C(CH,)-CH,Cl 


CH:C-CH,Cl 

CH,°CH:CH:-CH,Cl 
But-CH:CH:-CH,Cl 
CH,:CH-CHCI-CH, 


Ph-CH:CH:CH,Cl 


(CH,),C:CH-CH,CI 


CH,CH-CCI(CHy), 


Vernon: 


NaOEt 
(m) 
0-0000 
0-0450 
0-1396 
0-4918 
0-0000 
0-0677 
0-1544 
0-1925 
0-2383 
0-0000 
0-1617 
0-1500 


0-0000 
0-1864 


0-0000 
0-0974 
0-1849 
0-0000 
0-5270 
0-0000 
0-0250 
0-1488 
0-5564 
0-0000 
0-0529 
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(unless otherwise noted). 


Ethanol 


10°, 
0: 0038) § 


10%, 


0: 0048) § 
0-690) 


( 
(0- 
(1- 
(4 
( 
( 
(1- 


(0-06) § 
(4-53) 


(0-01.26) § 


i 


— 
Se or 
a 

~— 


eee. a ee 
~ SPEER WS WAS 
CN BOSWHS 


oe 


log B 


20-6 + 0-2 


20-5 +- 0-15 12-14 


20-5 + 0-1 


12-60 


ca. 22:9 ca. 


Kinetic data for allylic chlorides in ethanol and 50°, aqueous ethanol at 44-6° 


50% Aqueous ethanol 
NaOH 
(mM) 
0-0000 
0-1307 
0-5156 


10°, 
0-101 


0-0000 
0-1552 


v0e 


0-0000 
0-1480 


0-0000 
0-1500 


0-0000 
0-0845 
0-2388 
0-0000 
0-0000 
0-0150 
0-0000 
0-0000 
0-1000 


0-0000 


Values of k, and k, are expressed in min.~, and 1. mole~! min., respectively. 


Ey, is in kcal. 


/mole. 


RCl concentration ca. 0-10M. 
Parentheses enclose initial values of decreasing coefficients. 
* At 35-0°. ft At 25-8° 
§ Extrapolated from values at other temperatures. 
Accompanied by an elimination reaction with 10°2, = ca. 0-006. 


t At 0°. 


TABLE 2. Kinetic data for alkyl chlorides in ethanol. 


Compound 
CH,°CH,°CH,Cl 


CH,*CH,"CH,°CH,Cl 


CH,-CH(CH,)-CH,Cl 


CH,°CH,°CH(CH,)Cl 


T 


74:95° 


101-6 
120-0 

76-9 
101-6 
120-0 

76-9 
101-6 
120-0 
100-8 


NaOEt 
(M) 
0-1617 
0-1559 
0-1517 
0-1690 
0°1553 
0-1490 
0-1915 
0-1879 
0-1638 
00-5596 


Olefin, 
ny 


a 
~~) 


10%, 
0-647 
5:93 
21-8 
0-624 
4:77 
17-8 
0-0656 
0-580 
2-28 
0-51 


A 
Ex 


Substitution 


Elimination 
Au 
Ey 
24-0 


os = 
log B 
11-7 


= 
102k, 
0-0391 
0-473 
2-14 
0-0311 
0-313 
1-51 
0-0484 
0-520 
2-26 


1-28 


log B 


24-0 11-93 


33 PP 
oe o-l 
to WIG Dead ¢ 


6-26 
RCI concentrations ca. 


120-0 0-5505 2-41 
k, and E are expressed in 1. molet min.-!, and kcal./mole, respectively. 
0-10M. 


n-propyl and propargyl chlorides are included for comparison. Since a fixed lithium chloride 
concentration was used throughout, the orders of the reactions (and hence the molecularities) 
cannot be deduced from the experimental data. It has been assumed, however, that the 
reactions are bimolecular, since all the compounds listed readily react with sodium ethoxide 
in ethanol by the bimolecular (S,2) mechanism, and the weakly ionising solvent acetone is 
unlikely to promote a change of mechanistic type. The absence of production of free acid 
showed the reactions to be unaccompanied by elimination processes, and constant rate 
coefficients (within the range of the experimental error) were obtained in each case. 
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TABLE 3. Kinetic data for the reaction with lithium chloride (ca. 0-03M) at 44-6°. 


Compound Solvent 10°k, Compound Solvent 108k, 
CH,°CH,'CH,Cl COMe, 0-252 os Pe 3-94 
20% MeNO,-COMe, 0-104 CH,°CH:CH:CH,Cl 8-88 * 
CH,:CH’CH,Cl COMe, 3-52 CH,:CH:CH(CH;)Cl ... 0-109 * 
20% MeNO,-COMe, 2-52 (CH;),C:CH-CH,Cl 75-0 
k, is expressed in 1. mole min.'. RCl concentration ca. 0-10M. 
* These values are due to England and Hughes (unpublished work), to whom the author is indebted 
for permission to quote. 


TABLE 4. Effect of change of solvent on reactivities of allyl chloride and n-propyl chloride. 


Compound T Solvent Base Concn., M 108k, 102k,(Sy2) 102R,(E,) 
CH,:CH-CH,Cl 44-6° Ethanol —- 0-0000 0-0038 * 
NaOEt 0-4918 — 
KOEt 0-1580 — 

— 0-0000 0-0242 
NaOH 0-5540 
KOH 0-1447 

50% Aq. ethanol -— 0-0000 
NaOH 0-5156 
KOH 0-1698 
64:9 40% Aq. dioxan KOH 0-1704 
60% Aq. dioxan KOH 0-1626 
CH,°CH,°CH,Cl 101-6 Ethanol — 0-0000 0-024 
NaOEt 0-5116 -- 5: 
_- 0-0000 0-183 — 
NaOH 0-5803 — 3-60 

— 0-0000 0-580 — — 
NaOH 0-5266 _ ca. 3:54 ca.0-15 fF 
k, and k, are expressed in min.-!, and 1. mole min.-!, respectively. RCl concentration ca. 0-10M. 
* Extrapolated from values at other temperatures. 

t Inaccurate because of attack by alkali on glass. 


_-S 
no 
_— 


25% Aq. ethanol 


a 
~ oO 
moO 


IO = 
WDorw 
Co, OO 


25% Aq. ethanol 
50% Aq. ethanol 


In Table 4 are presented data on the effect of solvent changes on the bimolecular reactivities 
of allyl and n-propyl] chloride. 


DISCUSSION 


(a) Mechanisms.—The reactions of allyl and »-propyl chlorides with sodium ethoxide 
in ethanol are unquestionably bimolecular, being kinetically of second order and much 
faster, by a factor of ca. 1000 for 0-5N-sodium ethoxide, than the corresponding solvolytic 
reactions. Similarly in 25% and 50% aqueous ethanol, in the presence of added hydroxide 
ions, second-order kinetics were observed and the reactions were faster than the corre- 
sponding solvolyses; the increases in rate produced by the same concentration of base 
were, however, much smaller, ca. 65 and ca. 30 for allyl and n-propyl chlorides, respectively, 
in 50°% aqueous ethanol. 

It will be noticed that the formal order of reactions referred to above as second order, 
are actually less than 2, the second-order rate coefficients increasing slightly as the 
stoicheiometric concentration of base decreases. This effect, common among reactions 
between a negative ion and a neutral molecule, is usually known as the “ dilution effect ”’ 
and its origin has been ascribed to incomplete dissociation of the electrolyte from which 
the negative ion arises (Robertson and Acree, ]. Amer. Chem. Soc., 1915, 37, 1902; Marshal 
and Acree, J. Phys. Chem., 1915, 19, 589). This hypothesis, which may well be correct in 
some circumstances (see, ¢.g., Evans and Sugden, J., 1949, 270), is clearly unattractive 
where strong electrolytes are involved (cf. Lauer and Shingu, Ber., 1936, 69, 273). In the 
present case the most pronounced effect was found to occur in 50% aqueous ethanol and 
it is unlikely that in this solvent sodium hydroxide is appreciably undissociated. The 
dilution effect in these systems is most likely a salt effect but, whatever its origin, it 
introduces no mechanistic ambiguity and its occurrence does not imply a deviation from 
bimolecular character. 

The mechanisms of the solvolytic reactions of allyl and -propyl chlorides, since a 
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kinetic criterion is necessarily absent, can be deduced only by indirect arguments. The 
following are reasons for supposing that the reactions are bimolecular: (a) The increase 
in solvolytic rate in passing from ethanol to 50% aqueous ethanol (ca. 25 times for each 
compound) is much smaller than that observed for unimolecular reactions (cf. the data for 
1 : 1-dimethylallyl chloride) but is consistent with the expected magnitude of a solvent 
effect if the reactions were bimolecular. (b) The unimolecular reactivites of both 
compounds are small (Vernon, Part V, Joc. cit.), rates of hydrolysis in slightly aqueous 
formic acid being much less than in 50°% aqueous alcohol, whereas a rough equality of rates 
in these two solvents is normally found for unimolecular reactions. (c) The increases in 
rate produced by a given amount of alkali in ethanol and in 50° aqueous ethanol were 
similar to those found for trans-1 : 3-dichloroprop-l-ene, the solvolytic reactions of which 
are known to be bimolecular from the non-appearance of anionotropically rearranged 
products (de la Mare and Vernon, Part VII, doc. cit.). 

The reactions of 1 : 1-dimethylallyl chloride in ethanol and aqueous ethanol represent 
the other extreme of mechanistic behaviour, and are clearly unimolecular. Ethoxide ions 
were found to be without effect on the rate of ethanolysis; consistently, the solvolytic rate 
was enormously increased (by a factor of ca. 5000) by change to 50%, aqueous ethanol. 

Of the other compounds listed in Table 1, 2-methylallyl chloride and propargyl chloride 
behaved similarly to allyl chloride, and the reactions of both these compounds are there- 
fore predominantly bimolecular. On the other hand, 3 : 3-dimethylallyl chloride behaved 
like its anionotropic isomer, and its reactions are hence largely unimolecular in character ; 
a facile bimolecular reaction appeared, however, in ethanol when sufficient ethoxide ions 


were present. 

The behaviour of 3-methylallyl chloride was intermediate in type. In ethanol a 
bimolecular reaction was observed, in the presence of ethoxide ions, but the solvolytic 
reaction is known to be partly unimolecular since it gives a proportion of rearranged 
products (Catchpole and Hughes, J., 1948, 4). Change to 50% aqueous ethanol increased 


the rate by a factor intermediate in value between that found for the two extremes of 
mechanistic behaviour, while the effect of addition of alkali in the more aqueous solvent, 
though still significant, was small. Cinnamyl chloride and 1-methylallyl chloride behaved 
similarly, but the tendency to unimolecularity is more pronounced in these two compounds, 
and in 50°/, aqueous ethanol no evidence of a bimolecular component was found. 

Hatch and Alexander (loc. cit.) have suggested that the bimolecular reactions of allylic 
chlorides with sodium ethoxide in ethanol proceed by electrophilic attack by a sodium 
ethoxide molecule. This suggestion, which is completely implausible on general chemical 
grounds, can be formally disposed of by noting that it is inconsistent with the observed 
direction of the dilution effect, since if molecular sodium ethoxide were the active 
substituting agent, the second-order rate coefficients would increase with the stoicheiometric 
concentration of the base and the dilution effect would be in the opposite direction to that 
observed. 

(b) Structural Comparisons.—The following table gives the relative rates, at 44-6°, of 
bimolecular substitution reactions of the compounds listed, with sodium ethoxide, 
ca. 0-15M, in ethanol. 

CH,-CH-CH(CH,)C1 ...........ccssecevee 60: 49 
CH,°CH,°CH(CHy)Cl ..........s0cceseeeee 0-19 *} 
: AREBMOEEGN. sdecavestcpacetaxvauctssentgcs Sammy 
>H,°CH(CH,)C ssh ewwiewvawwadoes EPEC vevscvcicseviccsnsess 196 
eR ee Os) & rere rr rereery re iy ye ge. ee eee 683 
CHyCHyCHyCH,Cl o.....cesceceeeee 2°68 re ec i ee crs 
* Extrapolated from values at higher temperatures. t At NaOEt = ca. 0-5. 


The Sy2 mechanism of nucleophilic substitution by ethoxide ions in ethanol is seen to 
occur in the allylic chlorides more readily than in the corresponding saturated compounds ; 
for allyl and »-propyl chlorides the rate factor at 44-6° is about 37 and is similar in 
magnitude to that found for the unimolecular reactivities (Vernon, Part V, Joc. cit.). 
Because of the differences in the effect of methyl substitution in the two series of com- 
pounds, the rate factors are not the same for each pair of substances, but the allylic chloride 
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is always the more reactive. It is noteworthy that the increases in rate produced by the 
allyl double bond appear to depend on variation of the non-exponential Arrhenius 
parameters (7.e., on differences in the entropies of activation) as well as on differences in 
the energies of activation. 

Of the allylic compounds studied, only in the case of 1-methylallyl chloride was a 
bimolecular elimination mechanism detected. The rate of this reaction was found to be 
greater than the total rate of bimolecular elimination from sec.-butyl chloride, and 
if the proportions in which the isomeric olefins are produced from the latter compound 
are assumed to be the same as from the corresponding bromide (i.¢., 19% 
CH,°CH,*CH:CH,), approximate second-order rate coefficients (k, x 10°) for the two 


siesta —> CH;,.CH-CH + HCI 

H CH, 

iiiiee = —> CH,CHyCH + HCl 
Hy H, 


reactions can be calculated as 6 and 0-79 1. mole™! min.~1, respectively. The greater ease of 
the process in the allylic system arises from the greater energy of conjugation of the vinyl 
group, as compared with an alkyl group, with the incipient double bond in the transition 
state of the reaction (cf. Ingold, “ Structure and Mechanism in Organic Chemistry,”’ 
G. Bell and Sons Ltd., 1953, p. 436). No elimination reactions occur in allyl chloride or 
in the 3-substituted allylic chlorides, first, because in these compounds the Sy2 process is 
more facile than in 1-methylallyl chloride, and secondly, because | : 2-elimination reactions 
would produce allene or its derivatives, and on this account would be energetically 
unfavoured. 

The results obtained for the four alkyl chlorides are very similar to those obtained by 
Hughes, Ingold, and their co-workers (oc. cit.) for the corresponding bromides, with the 
usual difference that the bimolecular elimination reactions in the chlorides were relatively 
less important. 

Propargyl chloride undergoes bimolecular substitution by ethoxide ions about as easily 
as allyl chloride. Similarly, the rate of chloride exchange in acetone, which, unlike 
substitution by ethoxide ions is uncomplicated by side reactions, is about the same as for 
allyl chloride and faster than for n-propyl chloride. These results show that a triple bond 
or a double bond will equally facilitate a substitution of the Sy2 type occurring at a reaction 
centre one atom removed from the point of unsaturation. 

Considering structural effects within the allylic series of compounds, an «-methyl group 
produces the same effect as in the saturated series, 7.e., it retards bimolecular substitution. 
A y-methyl group, in contrast, has a facilitating influence, 3-methylallyl chloride being 
more reactive than allyl chloride, by a factor of ca. 2-5, both in the reactions with ethoxide 
ions and with chloride ions. A (-methyl group has no significant effect. Essentially 
similar results have been obtained by other workers (Hughes, Trans. Faraday Soc., 1941, 
37, 602; Tamele, Ott, Marple, and Hearne, Ind. Eng. Chem., 1941, 33, 119; Young and 
Andrews, ]. Amer. Chem. Soc., 1944, 66, 421; Hatch and Nesbitt, ibid., 1951, 73, 358; 
Hatch, Gordon, and Russ, Joc. cit.; Hatch and Alexander, Joc. cit.; Kirmann, Schmitz, 
and Saito, Bull. Soc. chim., 1952, 515). The polar requirements of an Sy2 reaction are not 
clear-cut, and unambiguous prediction of the direction of a polar effect is not possible in 
general terms. Electron-releasing groups attached to the reaction centre in saturated 
compounds are generally thought, however, to exert, apart from their steric effect, a small 
retarding influence on bimolecular substitution (Dostrovsky, Hughes, and Ingold, /., 1946, 
173). In contrast, such groups when conjugated with the reaction centre through an 
unsaturated system produce small accelerations in rate. For example, substitution of a 
methyl or a ¢ert.-butyl group in the fara-position of benzyl chloride increases slightly 
(CH, > Bu') the rates of bimolecular substitutions with ethoxide ions and with iodide ions 
(Bevan, Hughes, and Ingold, Nature, 1953, 171, 301), and from the present results, a methyl 
group in the y-position of allyl chloride is seen to behave in like fashion. A tert.-butyl 
group or two methyl groups similarly increase reaction rate in the allylic system, the 
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magnitudes of the effects produced being in the order (CH;), > CH, > But> H*. A 
phenyl group has an effect greater than one methyl group, but smaller than two, although 
in this case the direction of the polar effect is not known. It should be noted that the 
accelerating powers of the groups are in the same order as in the unimolecular reactions 
(Vernon, Jocc. cit.) but the magnitudes of the individual effects are very much smaller. 

(c) Solvent Effects—Bimolecular reactions between alkyl halides and negative ions are 
slightly retarded in rate by an increase in the polarity of the solvent. This generalisation, 
for which there is much experimental support (Ingold, of. cit., pp. 347, 348), follows from 
the theory in which the direction and magnitude of solvent effects are related to differences 
of charge or distribution of charge as between the initial and transition states of the 
reaction. Allylic chlorides, however, frequently behave differently ; for example, the rate 
of reaction of allyl chloride and hydroxide ions in 60% aqueous dioxan was about twice as 
fast as that in 40% aqueous dioxan. Similarly, change of solvent from ethanol to 50% 
aqueous ethanol slightly increased the bimolecular reactivities of allyl and 2-methylallyl 
chlorides, whereas the reactivity of n-propyl chloride decreased under these conditions 
(Table 4). The latter reactions are, however, more complicated than those in aqueous 
dioxan, since change of solvent also involves a change of nucleophilic reagent. 

Exceptions to this behaviour of allylic chlorides are known. For example, whereas 
the Sy2 reactivity of cis-1 : 3-dichloroprop-l-ene is greater in 50°% aqueous ethanol than 
in anhydrous ethanol, the reverse is true for the ¢rans-isomer (Andrews and Kepner, 
J. Amer. Chem. Soc., 1948, 70, 3456). Similarly, the addition of nitromethane to the 
acetone solvent retards the rate of chloride exchange of allyl chloride although the 
retardation is less pronounced than with n-propyl chloride (Table 3). 

The most interesting points which emerge from the present investigation are: (a) the 
reactivities of allylic chlorides by the Sy2 mechanism of substitution are greater than those 
of the corresponding saturated chlorides; (6) electron-releasing groups in the y-position 
increase the rate; and (c) increase in the polar character of the solvent in many, but not in 
all cases, also increases the rate. These observations may be accommodated in the general 
theory of bimolecular nucleophilic substitution by noting that, in valence-bond terms, 
contributions to the transition state from “ structure ”’ (III), which in the allylic system, is 
additional to the normal “ structures ”’ (I) and (II), will lower the activation energy and 
facilitate the reaction : 

B| Cl- Cl- 
roncnech RCHCHES,, R-CH-CH:C\ 
» tag 2 — 

(I) (1) (IIT) 


Further, structure (III) is highly polar, and when its contribution is considerable, the 
reaction, while remaining kinetically of strictly bimolecular form, will take on, although to 
a much reduced extent, the characteristics of a Syl reaction, 7.¢., it will be accelerated by 
suitably placed electron-releasing substituents and by change to a more polar medium. 


The author is indebted to Professors E. D. Hughes, F.R.S., and C. K. Ingold, F.R.S., who 
initiated this work, for their unfailing help and encouragement. Thanks are also due to 
Dr. P. B, D. de la Mare for help with the radioactive measurements and for much useful 
discussion, and to Dr. A. G. Catchpole who carried out valuable preliminary experiments. 
Helpful discussion with Professor D. P. Craig is also gratefully acknowledged. 
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* This “ hyperconjugation order ’’ is not without ambiguity, since it has been shown that differences 
in geometrical configuration may affect reaction rate (Hatch and his co-workers, locc. cit.). The samples 
of 3-methylallyl chloride and cinnamy] chloride used had the trans-configuration; the 3-tert.-butylallyl 
chloride had unknown configuration. 
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A trimethyl-steroid acid, pinicolic acid A, has been isolated from Polyporus 
pinicola Fr. It possesses the lanostane carbon skeleton and has been shown 
to have the structure (XI). 


In 1939, Cross, Eliot, Heilbron, and Jones (J., 1940, 632; cf. also Cross and Jones, /., 
1940, 1491) commenced a systematic investigation of the constituents of the higher fungi 
by examining the birch tree fungus, Polyporus betulinus, Fr. (cf. Parts XIII, XIV, XV, 
XVIII, XIX, XXIV, XXV, and XXVI; /., 1953, 457, 464, 468, 2548, 3019; 1954, 2385, 
3070, 3234). Attention has now been turned to the pine-rotting fungus, Polyporus pinicola 
Fr. In 1928 and 1929 Froschl, Hartmann, and Zellner (Monatsh., 1928, 50, 193; 1929, 
53—54, 186) investigated the alcohol-soluble constituents of this fungus and isolated two 
acids, termed «- and $-pinicolic acid, m. p. 198—208-5°, [«]p +-35-7°, and m. p. 265—271°, 
[a]p +23-4° respectively. From the analyses of these compounds Zellner and his co- 
workers suggested the common formula, C,,H3,0,, but Cross e¢ al. (loc. cit.) indicated that 
the analytical data were consistent with a formula C3)H;903, which suggests the possibility 
of the acids being trimethyl-steroids. 

For the current investigation of Polyporus pinicola Fr. we have been very generously 
helped by Professor N. A. Sorensen of the Institutt for Organisk Kjemi, Norges Tekniske 
Hogskole, Trondheim, who has obtained supplies of this fungus for us from Norway. 

Extraction of the fungus with cold ethanol, followed by separation and methylation of 
the acidic fraction of the extract, gave a mixture of methyl esters corresponding to about 
5% of the total weight of air-dried fungus. Chromatographic separation of the mixed 
esters yielded a fraction (20°) which gave the crystalline methyl ester of a new acid, 
pinicolic acid A. The present communication is concerned with the structure of this acid, 
the companion substances will be discussed later. 

Methyl pinicolate A, m. p. 120—123°, was found by analysis to be either C,,H,,0, or 
Cy9H; 903. Typical samples had low-intensity absorption at 2360, 2430, and 2520 A (e.g., 
e 635, 610, and 410), suggesting the presence of a small amount of an impurity containing a 
conjugated diene system. Absorption at these wave-lengths arises from the heteroarmular 
diene system found in polyporenic acid C (I) (Bowers, Halsall, Jones, and Lemin, /., 1953, 
2548; Bowers, Halsall, and Sayer, J., 1954, 3070), dehydroeburicoic acid (II) (Gascoigne, 
Robertson, and Simes, /., 1953, 1830), and dehydrolanosterol (III) (cf. Dawson, Halsall, 
and Swayne, J., 1953, 590). In view of the co-existence of eburicoic and dehydroeburicoic 
acids in a number of fungi (Gascoigne, Holker, Ralph, and Robertson, J., 1951, 2346) 
and of (IV) and its dehydro-derivative in Polyporus betulinus Fr. (Guider, Halsall, Hodges, 
and Jones, J., 1954, 3234), it may reasonably be concluded that the contaminant is methyl 
dehydropinicolate A, and it could be inferred that pinicolic acid A has a ring system similar 
to that found in eburicoic acid and lanosterol (V). In addition to the maxima due to diene 
absorption a broad maximum was also observed at 2740 A (¢ 77), indicative of a carbonyl 
group, the presence of which in methyl pinicolate A was confirmed by the formation of a 
2: 4-dinitrophenylhydrazone. The infra-red spectrum of the methyl ester (in CS,) had 
bands at 1709 cm.! (keto-group in a six-membered ring) and at 1736 cm.-! (methoxy- 
carbonyl group). Hydrogenation of methyl pinicolate A gave a dihydro-derivative. 
Pinicolic acid A is therefore a monoketo-acid with at least one double bond. The formula 
C3,H4,O, or C32,H;90, for methyl pinicolate A corresponds to a tetracyclic structure with 
two double bonds or a pentacyclic structure with one double bond. 

Ozonolysis of methyl pinicolate A gave acetone, isolated as its 2 : 4-dinitrophenyl- 
hydrazone in good yield, and the non-volatile fragment was acidic. This conforms with 


* Part XXVI, /., 1954, 3234. 
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a side chain terminating in the grouping —CH:CMe,, which might be of the C, lano- 
sterol type (cf. V) rather than the C, eburicoic acid type terminating in the grouping 
—C(°CH,)*CHMe,. 

Methyl pinicolate A was not easily hydrolysed and the free acid melted without decarb- 
oxylation. These properties are similar to those shown by methyl polyporenate C and 
the corresponding acid, and suggest corresponding locations of the carboxyl group. 


| 
ee Ply we 


HO (IV) HO A (V) 


Reduction of methyl pinicolate A with sodium borohydride gave the hydroxy-ester, 
the acid (VI; see below for proof of structure) corresponding to which has recently been 
isolated in these laboratories from the fungus Trametes odorata (Wulf.) Fr. (Halsall, 
Hodges, Jones, and Sayer, unpublished work). It is not possible to decide from the pub- 
lished constants whether this acid is identical with the so-called trametenolic acid isolated 


CH,N,; H,-Pt; 
Wolff-Kishner ; 
CH,N, 


MeO,C 


(VY 
H¢ Gh, 


(VU) H (VIIT) H 


from Trametes odorata by Gruber and Proske (Monatsh., 1950, 81, 877, 1024; 1952, 82, 
255); the properties of their acid are consistent with the Cy) formulation (VI). 

The hydroxy-ester was hydrogenated to the dihydro-derivative and this was smoothly 
dehydrated with phosphorus pentachloride in light petroleum to a product which on 
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ozonolysis yielded acetone, isolated in good yield as its 2 : 4-dinitrophenylhydrazone. 
This dehydration is characteristic of the grouping (VII) (cf. Christen, Diinnenberger, 
Heusser, and Jeger, Helv. Chim. Acta, 1952, 35, 1757) and indicates that pinicolic acid A 
possesses a typical triterpene ring A, but containing a keto-group as in (VIII). 

On the basis of the evidence so far presented (IX) appeared to be a possible structure 
for pinicolic acid A. This being so, hydrogenation of the methyl ester, followed by Wolff- 
Kishner reduction of the dihydro-ester, and methylation of the product should give a 
known compound, methyl 28-noreburic-8-en-2l-oate (X) (Holker, Powell, Robertson, 
Simes, Wright, and Gascoigne, J., 1953, 2422). Methyl dihydropinicolate A was reduced 
(Wolff-Kishner), and methylation then gave an ester identical with an authentic sample 
of (X) very kindly provided by Professor A. Robertson, F.R.S., and Dr. J. S. E. Holker. 
No isomerisation occurs at Cg) during the alkaline hydrolysis of the methyl esters of 
pinicolic acid A derivatives, which indicates that the carboxyl group is in the more stable 
(lanostane) configuration (cf. Bowers, Halsall, and Sayer, doc. cit.). Since the positions of 
the carbonyl group and of the reducible double bond are known, respectively, from the 
phosphorus pentachloride dehydration reaction and the ozonolysis of methyl pinicolate A 
described above, pinicolic acid A must be formulated as (IX) (3-oxolanosta-8 : 24-dien-21- 
oic acid). This is the first example of an acid of the trimethylsteroid series possessing the 
lanostane skeleton. 

Fieser and Fieser (‘‘ Natural Products related to Phenanthrene,” 3rd Edn., 1949, 
Reinhold Publ. Corp., p. 207) present a table which shows that the compounds of the two 
24-methylcholestane series, 1.e., of the ergostane and campestane series, have molecular 
rotations which are, respectively, more negative and more positive than those of the 
corresponding cholestane compounds. Comparison of the molecular rotations (cf. Table) 
of derivatives of lanost-8-ene with those of eburic-8-ene indicate that the latter have the 
same configuration at Cjg,) as ergostane, dihydroeburicoic acid, for instance, being 4 : 4 : 14- 
trimethylergost-8-en-21-oic acid. 


cited {M]p aida Ra 

Cholestanol! ....... pecagenivatiateges! Sx. Ee, ROAM. cscdveahessatacs darsaapnes 

Cholestanol? ... + 93  Campestanol' ... 

Methyl 3£- hydroxylanost- 8-en-21-oate 2 +228 Methyl 3£- hydroxyeburic- '$-en-21- 
oate 3 


Cholestanyl acetate!  ..................... + 60 Ergostanyl acetate! pee 

Cholestanyl acetate! .. + 60 Campestanyl acetate! .... 

Methyl 38-acetoxylanost- -8-en-21-oate ? +528 Methyl 3f-acetoxyeburic- ‘$-en-21- 
OBER. Biecscdcbits . 

Lanoat-S-erte*).. cass sso sotacctindocdtuens« +378 Eburic-8-ene ® 


1 Fieser and Fieser, ‘‘ Natural Products related to Phenanthrene,’”’ 3rd edn. 1949, Reinhold Publ. 
Corp., p. 206. * This paper. * Lahey and Strasser, J., 1951, 873. 4 Ruzicka, Rey, and Muhr, 
Helv. Chim. Acta, 1944, 27, 472; Ruzicka, Denss, and Jeger, ibid., 1945, 28, 759; Dorée, McGhie, 
and Kurzer, J., 1947, 1467. 5 Gascoigne, Holker, Ralph, and Robertson, J., 1951, 2346. 


Hydrogenation of polyporenic acid A derivatives gives two series of dihydro-com- 
pounds (Jones and Woods, J., 1953, 464). Since ergostane derivatives have lower rotations 
than those of campestane it is probable that methyl dihydro-(I)-polyporenate A and its 
derivatives, with lower rotations than those of methyl dihydro-(II)-polyporenate A (cf. 
the Table given by Jones and Woods, /., 1953, 466), have the same configuration at Ci»4) 
as ergostane. 


EXPERIMENTAL 


Rotations were determined in CHC], at room temperature. M. p.s were determined on a 
Kofler block and are corrected. The alumina used for chromatography had an activity of II. 
Light petroleum refers to the fraction with b. p. 60—80°. 

Extraction of Pinicolic Acid A (IX) from Polyporus pinicola Fr. and Isolation of the Methyl 
Ester.—The air-dried fungus (800 g.) was extracted with cold ethanol (7 1.) for 16 hr. The 
extract was evaporated to a volume of 200 c.c., diluted with ether (2 1.), and extracted with 
sodium hydroxide solution (10%). The acidic fraction obtained was methylated with an excess 
of ethereal diazomethane, and the resulting mixed esters (38 g.) were adsorbed from light 
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petroleum—benzene (4:1; 500 c.c.) on alumina (2-5 kg.) deactivated with 10% of 10% aqueous 
acetic acid. Elution with light petroleum—benzene (4:1; 1500 c.c.) gave a gum (700 mg.) 
which was discarded. Further elution with light petroleum—benzene (1:1; 3000 c.c.) afforded 
a yellow gum (7-6 g.) which was readsorbed from benzene on alumina (500 g.)._ Elution of this 
alumina with benzene-ether (9:1; 750 c.c.) gave methyl pinicolate A (methyl 3-oxolanosta- 
8 : 24-dien-21-oate) (3-5 g.) which crystallised from methanol as needles, m. p. 117—119°, 
raised by further crystallisations to 121—123°, [«],, +69° (c, 1:38) (Found: C, 79-5; H, 10-25. 
C,,H,4,0, requires C, 79-45; H, 10-3%). The ultra-violet absorption spectrum of the methyl 
pinicolate A indicated that it contained a small amount of methyl dehydropinicolate A. Light 
absorption in ethanol: Max. 2430 and 2740 (broad) A; ¢ 610 and 77. Inflexions, 2360 and 
2520 A; ¢ 635 and 410. 

Isolation of Pinicolic Acid A.—The acidic extract from the fungus (2 g.) was adsorbed from 
benzene (20 c.c.) on alumina (100 g.) deactivated with 10% of 10% aqueous acetic acid. Elution 
with benzene-ether (1:1; 300 c.c.) gave a gum (300 mg.) which was discarded. Further 
elution with ether gave a solid fraction (400 mg.) which was crystallised from methanol to give 
pinicolic acid A (3-oxolanosta-8 : 24-dien-21-oate) as needles, m. p. 182—190°, raised by several 
crystallisations from acetone to 197—202°, [a], +68° (c, 0-83) (Found: C, 79-0; H, 10-6. 
CyoH yO, requires C, 79-25; H, 10-2%). Light absorption in ethanol: Max. 2430 A; « 930. 
Inflexions, 2350 and 2520 A; ¢ 950 and 625. 

Methylation of this acid with ethereal diazomethane, followed by chromatographic purific- 
ation, gave methy] pinicolate A identical with an authentic sample. 

Attempted Hydrolysis of Methyl Pinicolate A.—Methy]l pinicolate A (200 mg.) in methanol 
(10 c.c.) was treated with methanolic potassium hydroxide (30 c.c.; 10%) for 16 hr. at 20°. 
Dilution with water followed by ether-extraction yielded unchanged methyl pinicolate A 
(180 mg.), m. p. 117—120°. 

Methyl Pinicolate A 2 : 4-Dinitrophenylhydrazone.—Methy] pinicolate A (150 mg.) in methanol 
(25 c.c.) was heated under reflux for $ hr. with 2: 4-dinitrophenylhydrazine (200 mg.) in the 
presence of a few drops of concentrated sulphuric acid. The mixture was diluted with water 
and extracted with benzene. The product was adsorbed from benzene (50 c.c.) on alumina 
(15 g.) and eluted with benzene (400 c.c.), to give methyl pinicolate A 2 : 4-dinitrophenylhydrazone 
(165 mg.) which crystallised as plates, m. p. 197—198°, from ethyl acetate-methanol (Found : 
C, 68-7; H, 7-95; N, 8-45. C,,H;,0,N, requires C, 68-5; H, 8-1; N, 8-65%). 

Ozonolysis of Methyl Pinicolate A.—Methyl pinicolate A (420 mg.) in acetic acid (30 c.c.) 
was treated with ozonised oxygen (6%) for 30 min. at 20°. Water was added and the mixture 
steam-distilled, the distillate being passed into saturated aqueous dimedone. No precipitate 
resulted. The dimedone solution was steam-distilled, the distillate being passed into a solution 
of 2: 4-dinitrophenylhydrazine (400 mg.) in methanol containing a few drops of concentrated 
sulphuric acid. Dilution with water followed by extraction with benzene gave a product which, 
after purification by chromatography was crystallised from methanol, to give acetone 2: 4- 
dinitrophenylhydrazone (150 mg.) as plates, m. p. 126—127°, undepressed on admixture with 
an authentic specimen. 

Hydrogenation of Methyl Pinicolate A.—Methy] pinicolate A (200 mg.) in acetic acid (7 c.c.) 
was hydrogenated at 20° in the presence of Adams’s catalyst (10 mg.) (uptake of Hg, 1-06 mol.). 
After filtration and evaporation the product was adsorbed from benzene (20 c.c.) on alumina 
(10 g.). Elution with benzene-ether (9:1; 200 c.c.) gave methyl dihydropinicolate A (methyl 
3-oxolanost-8-en-21-oate) as needles (150 mg.), m. p. 114—116° (from methanol) raised by further 
crystallisations from methanol to 119—121°, [«], +59° (c, 1-025) (Found: C, 79-5; H, 10-8. 
C3,H;,0, requires C, 79-1; H, 10-7%). 

Wolff-Kishner Reduction of Methyl Dihydropinicolate A.—Methyl dihydropinicolate A 
(300 mg.) in diethylene glycol (50) c.c.) was heated at 100° for 1 hr. with hydrazine hydrate 
(1c.c.; 60%); the excess of water and hydrazine were then removed by distillation. Potassium 
hydroxide (0-5 g.) was added and the solution heated under reflux for 5 hr. After acidification 
with acetic acid the cooled mixture was diluted with water, and the product was isolated with 
ether and remethylated with an excess of ethereal diazomethane. The crude methyl ester 
(300 mg.) was adsorbed from light petroleum (20 c.c.) on alumina (20 g.). Elution with light 
petroleum—benzene (3:1; 100 c.c.) afforded methyl 28-noreburic-8-en-21-oate (methyl lanost- 
8-en-21l-oate) (200 mg.) which crystallised from methanol as needles, m. p. 100—103°, raised 
by further crystallisations from methanol to 102—105°, undepressed on admixture with an 
authentic sample of m. p. 105—107°; the reduction product had [«], +47° (c, 1-16) (Found : 
C, 81-45; H, 11-5. Calc. for C,,H,,0,: C, 81-5; H, 115%). Light absorption in ethanol : 
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Max. 2430 A; e 620. Inflexion 2360 and 2520 A; e¢ 610 and 430. The infra-red spectrum 
determined in ‘‘ Nujol ’’ was identical with that of an authentic sample of methyl 28-noreburic- 
8-en-2]-oate. 

Reduction of Methyl Pinicolate A with Sodium Borohydride.—To a solution of methyl pini- 
colate A (400 mg.) in dioxan (10 c.c.) sodium borohydride (100 mg.) in aqueous dioxan (10 c.c.) 
was added, and the solution was kept for 1 hr. at 20°. Dilution with water and isolation with 
ether gave a product which did not crystallise readily. It was treated with acetic anhydride 
(5 c.c.) and pyridine (5 c.c.) for 16 hr. at 20°. The acetic anhydride and pyridine were then 
removed under reduced pressure and the residue was crystallised from methanol, to give methyl 
36-acetoxylanosta-8 : 24-dien-21-oate as needles (300 mg.), m. p. 137—140°, raised by further 
crystallisations from methanol to 145—147°, [«], + 67° (c, 0-965) (Found: C, 77-15; H, 9-95. 
C33H 5,0, requires C, 77-3; H, 10-2%). 

Hydrolysis of Methyl 38-Acetoxylanosta-8 : 24-dien-21-oate-—The acetate (130 mg.) in 
methanol (15 c.c.) was treated with methanolic potassium hydroxide (15 c.c.; 10%) for 16 hr. 
at 20°. Dilution with water and extraction with ether yielded methyl 38-hydroxylanosta-8 : 24- 
dien-21-oate which was crystallised several times from aqueous isopropanol to give needles 
(90 mg.), m. p. 131—134°, [a],, +50° (c, 0-92) (Found: C, 78-75; H, 10-6. C,,H;9O, requires 
C, 79-1; H, 10-7%). Light absorption in ethanol: Max. 2430 and 2520 A; ¢ 280 and 195. 
Inflexion 2360 A: « 305. 

Hydrogenation of Methyl 38-Hydroxylanosta-8 : 24-dien-21-oate.—Methy1 38-hydroxylanosta- 
9 : 24-dien-21-oate (1-5 g.) in acetic acid (60 c.c.) was hydrogenated at 20° in the presence of 
Adams’s catalyst (100 mg.) until absorption of hydrogen ceased. The product obtained after 
filtration and evaporation was crystallised from isopropanol, to give methyl 38-hydroxylanost-8- 
en-21-oate as fine needles (1-3 g.), m. p. 149—151° raised by further crystallisations from methanol 
to 151—153°, [a], + 48-5 (c, 0-955) (Found: C, 79-0; H, 11-45. C,,;H;,0, requires C, 78-75; 
H, 11-1%). Light absorption in ethanol: Max. 2430 A; ¢ 400. Inflexions 2360 and 2510 A; 
e 420 and 270. The hydroxy-ester (700 mg.) was acetylated in pyridine (10 c.c.) with acetic 
anhydride (10 c.c.) at 20° for 16 hr., to give methyl 38-acetoxylanost-8-en-21-oate which crystallised 
from methanol as needles (500 mg.), m. p. 144—146°, [a], +64° (c, 0-95) (Found: C, 77-0; 
H, 10-6. C,,H,;,O, requires C, 77-0; H, 10-6%). 

Dehydration of Methyl 38-Hydroxylanost-8-en-21-oate.—Methyl 3$-hydroxylanost-8-en-21- 
oate (300 mg.) in light petroleum (30 c.c.) was shaken with phosphorus pentachloride (160 mg.) 
for 20 min. at 20°. After washing with sodium hydrogen carbonate solution and water, evapor- 
ation of the petroleum solution gave the dehydration product which crystallised from methanol- 
acetone as needles (250 mg.), m. p. 139—144°, raised by further crystallisations from acetone 
to 143—146°, [a], +46° (c, 0-915) (Found: C, 82-1; H, 11:05. C,,H,;,O, requires C, 81-9; 
H, 11:1%). Light absorption in ethanol: Inflexions 2360, 2430, and 2520 A; ¢ 230, 130, and 
120. 

Ozonolysis of Dehydration Product.—A stream of ozonised oxygen (6%) was passed into a 
solution of the dehydration product (320 mg.) in acetic acid (120 c.c.) for 30 min. at 20°. Water 
was added and the mixture steam-distilled, the distillate being passed into a saturated aqueous 
solution of dimedone. No precipitate was formed. The dimedone solution was in turn steam- 
distilled and the distillate passed into methanolic 2: 4-dinitrophenylhydrazine (300 mg.) 
containing a few drops of concentrated sulphuric acid. Extraction of this solution with benzene 
gave a product which, after purification by chromatography, was crystallised from methanol 
to give acetone 2 : 4-dinitrophenylhydrazone (160 mg.) as plates, m. p. and mixed m. p. 125— 
127°. 
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Triethylenediamine (1 : 4-Diazabicyclo[2 : 2: 2]octane) and Hexaethylene- 
tetramine. Part II.* The Properties of 1:2:2:4:5: 5-Hexa- 
methyl piperazine. 

By FREDERICK G. MANN and ALWYN SENIOR. 
[Reprint Order No. 5581.] 


The above hexamethylpiperazine shows many of the normal properties 
of a 1:4-dialkylpiperazine, and will readily combine with 1 and 
2 equivalents of many simple alkyl quaternising agents. But whereas | : 4- 
dimethylpiperazine readily combines with ethylene dibromide to give tri- 
ethylenediamine dimethobromide, the hexamethylpiperazine reacts with 
this and other alkylene dibromides to give the dihydrobromide of the 
piperazine. The reasons for this striking difference in properties are briefly 
discussed. 


WE have investigated in considerable detail the combination of 1 : 4-dialkylpiperazines 
with ethylene, trimethylene, and o-xylylene dibromides to form polycyclic quaternary 
salts, and the various products to which these salts give rise on thermal decomposition. 
In the course of the dibromide work, we attempted unsuccessfully to combine 


(III; R = Me), which should have been susceptible to optical resolution : in view of the 
work on (II) recently described by McElvain and Bannister (J. Amer. Chem. Soc., 1954, 
76, 1126), our more extensive results obtained with this base are now briefly recorded. 

We have prepared 2 : 2: 5 : 5-tetramethylpiperazine (I) by Conant and Aston’s method 
(thid., 1928, 50, 2783), whereby tsobutyraldehyde is converted by ferricyanide oxidation 


H Me Me 
N N Nt 


Pap Be 4 y 
Hy Me, H, Me, Ha 
R, 


N. 
L cr H < | ome 
M CH M H ‘a be tere » Gy,” 
MEd! anit" 2 int taage 2 Ny vile ga ¥. 2 
H Me Me 2Br- 
(I) (II) (IIT) (IV) 
into 2: 5-dihydro-2 : 2:5: 5-tetramethylpyrazine which on hydrogenation gives the 
piperazine (I); the latter, when methylated with formaldehyde in formic acid, gave 
1:2:2:4:5:5-hexamethylpiperazine (II). 

This compound (II) has many of the normal properties of a 1 : 4-dialkylpiperazine : the 
tertiary amine groups combine with acids to form normal salts (of which several have been 
prepared for crystallographic examination) and, more particularly, undergo ready 
quaternisation with alkyl halides, and thus the mono-methobromide and -methiodide and 
the dimetho-bromide, -iodide, -(methyl sulphate) and -toluene-p-sulphonate have been 
isolated. In striking contrast, however, the compound (II) when heated with ethylene, 
trimethylene, and o-xylylene dibromides affords in all cases the dihydrobromide of (II), 
and cyclisation to compounds of type (III) could not be detected, although 1 : 4-dimethyl- 
piperazine and ethylene dibromide readily combine to form triethylenediamine dimetho- 
bromide (III; R =H) (Mann and Mukherjee, J., 1949, 2298). The only indication of 
quaternisation of (II) with an alkylene dibromide was obtained by exposing a mixture of 
(II) and ethylene dibromide to sunlight at room temperature for a week, when ethylenebis- 
(1 6 
This reaction with ethylene dibromide is strictly analogous to that shown by hexahydro- 
1 ; 4-diphenyl-1 : 4-azarsine and -1 : 4-azaphosphine (Beeby and Mann, /., 1951, 886 : Mann 
and Miller, 7., 1952, 3039). 

McElvain and Bannister (loc. cit.) also obtained the dihydrobromide of (II) by the 


* Part I, J., 1949, 2298. 
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action of hot ethylene dibromide : they claim however to have obtained the dipicrate of 
the tertiary amine (IV) in 0-15% yield by the pyrolysis of 1-2’-bromoethyl-2 : 2 : 5: 5- 
tetramethylpiperazine dihydrobromide. 


\ 
H 
(VIA) (VIB) 


The reason for this striking difference in behaviour of 1:4-dimethyl- and 
1:2:2:4:5:5-hexamethyl-piperazine (II) towards alkylene dibromides remains un- 
certain. A plausible explanation is that 1 : 4-dimethylpiperazine exists as an equilibrium 
mixture of the Z and the C form, and that the latter form could readily give the above 
cyclisation, whereas in the hexamethylpiperazine (II) the two gem-dimethyl groups “‘ lock ”’ 
the molecule in the Z form, which clearly could not give this cyclisation. It is noteworthy 
that an X-ray crystal examination of hexamethylpiperazine dinitrate, carried out by 
Dr. W. Cochran in the Cavendish Laboratory of the University of Cambridge, shows that 
the molecule has a centre of symmetry, and therefore the cation must have the Z conform- 
ation with trans-N-Me groups, t.e., (VIA) or (VIB): clearly however this conformation 
may not be retained by the cation in solution, or be that of the liquid base. [Incidentally, 
the orientation of the methyl groups in (II), although placed beyond reasonable doubt by 
various syntheses of (I), is thus independently confirmed.}] Dr. J. Chatt, of the Butterwick 
Research Laboratories (Imperial Chemical Industries Limited), has kindly determined the 
dipole moments of the liquid bases, and finds that the dimethyl- and hexamethyl-piperazine 
in benzene solution have moments () of 0-53 and 0-63 D respectively. The full significance 
of these results is also difficult to assess. Even if the hexamethylpiperazine were “ locked ”’ 
in the Z form, the oscillation of the N-methyl groups about the nitrogen atom [?.¢., between 
positions almost identical with those occupied by the N-Me and the N-H groups in the 
cations (VIA) and (VIB)] would produce a small but finite moment, as in p-dimethoxy- 
benzene. In the dimethylpiperazine, this factor, in addition to the uncertain degree of 
equilibrium of two forms, prevents assessment of an expected value. 

A model of the hexamethylpiperazine (II), constructed with the C conformation, shows 
no indication of steric hindrance of the nitrogen atoms, and this is confirmed by the model of 
the cation (III; R = Me), which is free from strain and obstruction. Although decisive 
evidence is lacking, it appears therefore that the abnormal behaviour of (II) is due to a 
locked Z conformation. 

McElvain and Bannister (loc. cit.) suggest that the formation of a bridged diquaternary 
salt with ethylene dibromide is effectively prevented by the presence in the 1 : 4-di- 
substituted piperazine molecule of (a) a gem-dimethyl group adjacent to the nitrogen atoms, 
or (b) substituent groups larger than methyl groups in the 1: 4-positions. This is not 
strictly true, however, for we find that 1 : 4-diethylpiperazine readily gives this reaction 
with ethylene dibromide. 

EXPERIMENTAL 

All compounds, unless otherwise stated, were colourless. The m. p.s of several salts varied 
greatly according to (a) the immersion temperature, noted as (I.T.), and (b) the use of an open 
or an evacuated sealed capillary tube, noted as (O.T.) and (E.T.) respectively; in these cases 
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the conditions are stated in full. M. p.s recorded without qualification were determined in an 
open tube heated from room temperature. 

1 : 4-Dimethylpiperazine.—Pollard and Forsee (J. Amer. Chem. Soc., 1935, 57, 1788) claim 
to have prepared this base in 88% yield by the action of formaldehyde, zinc, and hydrochloric 
acid on piperazine, followed by ether-extraction. We find, however, that the marked volatility 
of the base in boiling ether causes low yields. The following method has therefore been 
employed. A mixture of piperazine (80 g.), formic acid (520 c.c.), and 40% formaldehyde 
(320 c.c.) was boiled under reflux for 10 hr., diluted with water (100 c.c.) and concentrated 
hydrochloric acid (100 c.c.), and considerably concentrated by distillation: the thoroughly 
chilled residue was basified with aqueous sodium hydroxide and distilled in steam. The 
distillate (ca. 70 c.c.) was made strongly alkaline by the addition of solid potassium hydroxide, 
and the dimethylpiperazine which separated was collected, dried again with the solid hydroxide, 
and distilled, having b. p. 130—132° (57 g., 54%). 

It gave a dihydrochloride (from ethanol), m. p. 265—266° (effervescence) (Found: C, 38-4; 
H, 8:85; N, 14-75. Calc. for C,H,,N,,2HCl: C, 38-5; H, 8-6; N, 14:9%), a dihydrobromide 
(from ethanol), m. p. 248° (O.T.), 282—234° (E.T.) (Found: C, 25-9; H, 5-6; N, 10-2. 
C,H,,N,,2HBr requires C, 26-1; H, 5-8; N, 10-15%), a dipicrate, yellow crystals which when 
washed with water, but not recrystallised, had m. p. 297° (vigorous decomp.) (Found: C, 38-1; 
H, 3:3; N, 19-9. Calc. for C,H,,N,,2C,H,;O,N,: C, 37:°9; H, 3-2; N, 19-65%), a dimetho- 
bromide (from the base with methyl bromide in a sealed tube at 100° for 4 hr.; crystallised from 
water), m. p. above 370° (O.T.), 345—347° (decomp.) (E.T.) from room temperature, 364° 
(decomp.) (E.T., I.T. 337°) (Found: C, 31-8; H, 6-4; N, 9-0. C,H, )N,Br, requires C, 31-6; H, 
6-6; N, 9:2%), a dimethopicrate (washed with water but not recrystallised), m. p. 301—306° 
(O.T.), 295—300° (E.T.) from room temperature, and 311° (O.T.), 310° (E.T., I.T. 290°), all 
with vigorous decomp. (Found: C, 40-0; H, 4:2; N, 18-6. C,,H,,0,,N, requires C, 40-0; H, 
4:0; N, 18:7%), and a dimethiodide (from water), m. p. 310° (decomp.) (I.T. 290°) (Found : 
C, 24-2; H, 5-1; N, 6-7. Calc. for C,H,)N,I,: C, 24-1; H, 5-1; N, 7-0%). 

2: 2:5: 5-Tetramethylpiperazine (1).—This base gave a dihydrochloride (from concentrated 
hydrochloric acid), m. p. >370° (O.T.) or (E.T.) (Found: C, 44:7; H, 91. Calc. for 
C,H,,N2,2HCl: C, 44-65; H, 9-3%), a dibenzoyl derivative, m. p. 274° (Found: C, 71-4; H, 
7-9. Calc. for C.,H,,0,N,,H,O: C, 71-7; H, 7:7%), and a dinitroso-derivative, m. p. 208— 
210° (from dilute acetic acid). For the first two of these derivatives McElvain and Pryde 
(J. Amer. Chem. Soc., 1949, 71, 326) give m. p. >310° and 273—276° respectively, and for the 
third Conant and Aston (loc. cit.) give m. p. 208—210°. We find, contrary to Drew and Head 
(J., 1934, 49) and in accordance with McElvain and Pryde, that the dihydrochloride is almost 
completely insoluble in ethanol. 


isolated initially in 95% yield as the dihydrochloride, which crystallised from ethanolic hydro- 
chloric acid (Found: C, 49-5; H, 9-7; N, 11-4. Calc. for C,,H,,.N,,2HC1: C, 49-4; H, 9-9; 
N, 11:5%). The salt darkens at ca. 333° and sublimes at 375—385° (O.T.) from room 
temperature but sublimes at 352—360° (O.T., I.T. 327°) and 352—370° (E.T., I.T. 327°). 
McElvain and Bannister (loc. cit.) give m. p. >250°. 

The free base, obtained from this salt by basification, ether-extraction, and distillation, had 
b. p. 70—71°/11 mm., m. p. 26—27° (Found : C, 70:75; H, 13-0; N, 16-65. Calc. for CygHs.N, : 
C, 70-6; H, 12-95; N, 165%). It gave the following salts. 

The dipicrate, when recrystallised from dimethylformamide, washed with methanol, and 
dried at 50°/0-1 mm. for 6 hr., afforded yellow crystals, m. p. 275° (Found: C, 42-55; H, 4:1; 
N, 18-0. Calc. for C,jHg,N,,2C,H,O,;N,: C, 42:05; H, 4:5; N, 17:7%). McElvain and 
Bannister gave m. p. 264—265° (decomp.). The diperchlorate formed crystals from water 
(Found: N, 7-8. CyyHggN,,2HClO, requires N, 7-6%), decomposing violently at 262°. The 
dichloroaurate, recrystallised from water, gave yellow crystals, m. p. >370° (Found : C, 14-2; H, 
3-0. CigH,.N,,2HAuCl, requires C, 14-1; H, 29%). The dinitrate was prepared by the 
addition of 50% nitric acid to the free base, and when recrystallised from methanol—dilute nitric 
acid gave crystals, m. p. 156° from room temperature, and 174° (O.T., I.T. 161°), 182° (E.T., I.T. 
161°) (Found : C, 40-8; H, 8-1; N, 18-6. C,H ,N,,2HNO, requires C, 40-6; H, 8-2; N, 18-9%). 

For the dinitrate Dr. Cochran reports ‘‘ Oscillation of the photographs of the crystals taken 
with copper radiation (A = 1-54 A) show that they are monoclinic with a = 14-8, b = 6-4, 
c= 80A (42%). Weissenberg photographs taken with the crystal rotated about each of the 
b and ¢ axes in turn confirm these unit-cell dimensions, and give 8 = 96° + 1°. They also show 
the systematic absences: (0k0) when k is odd; (01) when h +] is odd. The space group is 
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therefore P2,/n, which is a centrosymmetric space group. If there are two molecules per unit 
cell, the molecule must also be centrosymmetric. 

““We have d = 1-66Mz/v where d = density, M = molecular weight (296-3), and v = 
14-8 x 6-4 x 8-0 x sin 96° = 750 A’. 

“Tf we take z = 2, then d = 1:3 g./c.c., but if z = 4, d = 2-6 g./c.c. The latter value is 
impossible, the former very reasonable. The molecule is therefore centrosymmetric.” 

The monomethobromide was readily formed in a solution of the base in methyl bromide at 
18°, and, recrystallised from methanol, had m. p. 309° (decomp. and partial sublimation) 
(Found: C, 49-6; H, 9-35; N, 10-4. C,,H,;N,Br requires C, 49-8; H, 9-5; N, 10-6%). The 
dimethobromide was formed when the above solution was heated in a sealed tube at 100° for 
4 hr., and after crystallisation from methanol formed a hemihydrate, m. p. 300° (with sublimation) 
(Found: C, 39-4; H, 7:8; N, 7:6. C,,H,,N,Br,,0°5H,O requires C, 39-0; H, 7-9; N, 7-6%). 
The monomethiodide was obtained by boiling a solution of the base in methanolic methy] iodide, 
and after crystallisation from methanol had m. p. 318° (decomp.) (O.T.) from room temperature 
and 317° (with sublimation) (E.T., I.T. 306°) (Found: C, 42-6; H, 8-1; N, 9-15. Calc. for 
C,,H,;N,I: C, 42:3; H, 8-1; N, 90%). The dimethiodide, prepared as the dimethobromide, 
and dried at 60°/0-1 mm. for 6 hr., formed a monohydrate, crystals, m. p. 260—262° (much 
preliminary decomp.) from room temperature, and 258—262° (with slight preliminary decomp.) 
(I.T. 240°) (Found: C, 30-3; H, 6-3; N, 5-95. C,,.H,,N,I,,H,O requires C, 30-5; H, 6-4; N, 
5-9%); on exposure to air it formed a stable tetrahydrate, m. p. 261° (decomp.) (Found :. C, 
27-5; H, 6-6; N, 5-8. C,,H,,N,I,,4H,O requires C, 27-4; H, 6-9; N, 5-3%). McElvain and 
Bannister give m. p. 311—312° (decomp.) for both iodides. 

The dimethonitrate was prepared by treating the iodide with aqueous silver nitrate, and 
afforded crystals of the hemihydrate from aqueous ethanol (Found: C, 43-2; H, 8-6; N, 17-0. 
Cy2H,g0,N4,0°5H,O requires C, 43-2; H, 8-8; N, 168%): it softened at 165° and melted 
ca. 310° (decomp.) (O.T.), at 148° (E.T.) from room temperature, and 152° (E.T., I.T. 140°). 
The dimetho(methyl sulphate) was obtained by boiling a methanolic solution of the base with 
dimethyl sulphate, and precipitating the salt with ethanol; recrystallisation from aqueous 
ethanol and then drying at 60°/0-1 mm. for 5 hr. gave the hygroscopic monohydrate, m. p. 264° 
(decomp.) from room temperature, 258° (decomp.) (I.T. 244°) (Found: C, 38-5; H, 8-3. 
C,,H,,0,N.S,,H,O requires C, 38:1; H, 83%). The dimethotoluene-p-sulphonate, similarly 
prepared, formed crystals, m. p. 311° (decomp.), from methanol (Found : C, 57-7; H, 8-0; N, 
5-1. CygH,.O,gN,S, requires C, 57-5; H, 7-8; N, 5-2%). 

Reaction of the Piperazine (11) with Alkylene Dibromides.—(1) Ethylene dibromide. A mixture 
of (II) (0-4 g.) and the dibromide (0-2 c.c., 1 mol.) was slowly heated in a sealed tube to 160— 
170°, and there maintained for 6 hr. A filtered aqueous extract of the product was evaporated 
to dryness, and the residue (m. p. 343°), when recrystallised from 48% hydrobromic acid, 
afforded the piperazine dihydrobromide (Found: C, 36-2; H, 7:5; N, 8-5. Calc. for 
CioHy.N2,2HBr: C, 36-2; H, 7:3; N, 84%), m. p. 358°, unchanged by a sample prepared 
directly from (II). It gave the dipicrate, m. p. 272° (decomp.) alone and mixed (Found: C, 
42-6, 42-8; H, 4-9, 4:8; N, 17-5, 17:5%). The same result was obtained when the above 
mixture was heated at 100°, but no reaction apparently occurred when the mixture was heated 
at 60° for 5 days. 

The mixture in a tube, when set aside however for 1 week with daily exposure to sunlight, 
gave a crystalline deposit, which when recrystallised from 48% hydrobromic acid afforded the 
monohydrated ethylenebis-(1: 2: 2:4: 5: 5-hexamethyl-1-piperazinium bromide) dihydrobromide 
(V; X= Br), m. p. >370° (O.T.), 354° (E.T.) (Found: C, 37-0; H, 7-15; N, 7-6. 
C,.H,,N,Br,,2HBr,H,O requires C, 37-3; H, 7-4; N, 7-9%). The same compound was obtained 
when the deposit was recrystallised from methanol-ether and then methanol. This dihydro- 
bromide gave the yellow monohydrated dipicrate of the bis(piperazinium picrate) (V; X = 
C,H,O,N;), m. p. 270° (decomp., preliminary softening) (from acetone) (Found: C, 42-2; H, 
4-6; N, 17:3. CgqH52014Ni9,2C,H,0,N;3,H,O requires C, 42:5; H, 4-65; N, 17-2%). 

(2) Trimethylene dibromide. A mixture of the piperazine (II) (0-8 g.) and the dibromide 
(0-48 c.c., 1 mol.) was heated in a sealed tube at 150° for 4, hr. The cold product was extracted 
with methanol, and the residue, when recrystallised from aqueous ethanol, afforded the 
dihydrobromide of (II) (Found: C, 36-6; H, 7-5%), m. p. 358°, alone and mixed. The extract 
contained a solid, precipitated with ether, but insufficient for investigation. 

(3) o-Xylylene dibromide. A mixture of the piperazine (II) (1-6 g.) and the dibromide 
(2-5 g., 1 mol.), when similarly heated at 140° for 6 hr., was unchanged. An identical mixture, 
heated at 150—160° for 8 hr., gave a product which, recrystallised as in (2), gave the dihydro- 
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bromide of (II) (Found: C, 35-9; H, 7-5; N, 8-4%), which furnished the dipicrate, m. p. 274° 
(decomp.) (Found: C, 42-3; H, 5-0; N, 17-6%). 

1 : 4-Diethylpiperazine.—This was prepared by Pollard and Forsee’s method (loc. cit.), whose 
account lacks important detail. A solution of piperazine (20 g.) in water (100 c.c.) containing 
concentrated hydrochloric acid (40 c.c.) was cooled to 10°, and freshly distilled acetaldehyde 
(24 g.) then added, the temperature being kept below 20°. An excess of powdered zinc was 
then rapidly added and, after the initial brisk reaction, the mixture was heated under reflux 
at 70° for 8 hr., and then cooled, strongly basified with potassium hydroxide, filtered, and 
extracted with ether. The dried extract on distillation gave diethylpiperazine, b. p. 71°/18 mm., 
172—176°/760 mm. (Found: N, 19-4. Calc. for CgH,,N,: N, 19-7%). The low yield (30%) 
is due to the formation of a considerable proportion of higher-boiling material. 

Reduction of 1 : 4-diacetylpiperazine with lithium aluminium hydride gave 1 : 4-diethyl- 
piperazine, b. p. 75—77°/25 mm., in 24% yield and was more laborious. 

The diethylpiperazine for characterisation was heated with an excess of methyl bromide at 
100° for 6 hr., and furnished the dimethobromide, m. p. 304—305° (decomp.), from methanol 
(Found: C, 36-5; H, 7:7; N, 8-1. C,jH,,Br,N, requires C, 36-2; H, 7-3; N, 84%); it gavea 
yellow dimethopicrate, m. p. 290° (decomp.) (from acetone) (Found: C, 41-8; H, 4-5; N, 18-1. 
Cy9H,g014N, requires C, 42-05; H, 4-5; N, 17-8%). 

A mixture of 1 : 4-diethylpiperazine (1 g.) and ethylene dibromide (1-32 g., 1 mol.) was 
heated at 100° for 4 hr., and the product when recrystallised from ethanol afforded the highly 
deliquescent triethylenediamine diethobromide, m. p. 238—241°; it was therefore converted 
into the yellow diethopicrate, which, crystallised from acetone, had m. p. 295° (decomp.) from 
room temperature, 298° (decomp.) (I.T. 2-85°) (Found: C, 42:3; H, 3-95; H, 17-65. 
CyeH,,0,4N, requires C, 42-2; H, 4-2; N, 17-9%). A mixture of this picrate with the above 
dimethopicrate had m. p. 282—285° (decomp.) (I.T. 260°). 

The properties of this diethobromide and of analogous salts obtained from other alkylene 
dibromides, and particularly their behaviour on thermal decomposition, will be described in 
a later communication. 

Dipole Moments of 1: 4-Dimethyl- and 1: 2:2:4:5: 5-Hexamethyl-piperazines.—Carefully 
dried and purified samples were used. Dr. Chatt reports: ‘‘ Solutions of the piperazines in 
benzene were investigated using yellow light (A 5880 A) at 25°. The results are set out using 
the notation and method of evaluation of Everard, Hill, and Sutton (Trans. Faraday Soc., 1950, 
46, 417). 

1 : 4-Dimethylpiperazine. 
w o B y rP EP be 


0-0336 
0-0213 } 0-0000 0-1796 —0-0504 45-062 39-373 0-53 
0-0116 


1:2:2:4:5:5-Hexamethylpiperazine (II). 


0-0374 
0-0246 } 0-0144 0-2322 —0-0443 70-328 62-347 
0-0087 


‘“‘ Although there was a little spread of the values used to obtain «, 8, and y, the measure- 
ments (see Table) allowed an accuracy of +0-01p. Uncertainty in the value of the 
atom polarisation, however, means that the absolute accuracy may not be so high. Special 
precautions were taken to exclude moisture and carbon dioxide, and little error might 
be expected from such impurities.”’ 
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o-Mercapto-azo-compounds. Part VI.* Preparation and Structure 
of Azobenzene-2-sulphenyl Derivatives. 


By A. Burawoy, F. LIvERSEDGE, and C, E. VELLINs. 
(With an Appendix by G. W. R. BARTINDALE and G. Farrow.) 
[Reprint Order No. 5597.] 


Azobenzene-2-sulphenyl bromide (Part V) is converted into the cyanide, 
chloride, iodide, thiocyanate, and perchlorate. The equivalent conductivities 
in water of the chloride, bromide, and perchlorate, the molecular weights in 
water and bromoform of the chloride and bromide, and the electronic spectra 
of all derivatives in various solvents have been determined. They show that 
with exception of the non-ionic cyanide all azobenzene-2-sulpheny] derivatives 
exist in water and ethyl alcohol as true salts involving a 2-phenylbenzo-1-thia- 
2 : 3-diazolium ion (IV) and in benzene and chloroform as equilibria between 
the ionic isomers (IV) and the non-ionic isomers (as I). The ionic structure 
of the crystalline azobenzene-2-sulphenyl chloride is established by X-ray 
analysis. 


AZOBENZENE-2-SULPHENYL BROMIDE (I) is a very stable substance, which undergoes the 
characteristic reactions of sulphenyl halides such as the disproportionation by sodium 
hydroxide to disulphide and sulphinate and condensation with bases (Part V *). It is 
also converted into the disulphide on treatment with zinc in boiling benzene, a similar 
reaction being known with benzenesulphenyl chloride (Lecher and Holschneider, Ber., 
1924, 57, 755). However, in contrast to other sulphenyl halides which are practically 
insoluble in water and generally react quantitatively with water or ethyl alcohol to yield 
a variety of products (cf: Kharasch, Potempa, and Wehrmeister, Chem. Reviews, 1946, 
39, 269), azobenzene-2-sulphenyl bromide is soluble in water and crystallises from water 
and ethyl alcohol in spite of some solvolysis (cf. below). 

We have now found that azobenzene-2-sulphenyl chloride, thiocyanate, and iodide, 
which are formed from the bromide by double decomposition reactions, are also obtained 
analytically pure by crystallisation from water or alcohol. Previous attempts to isolate 
crystalline sulphenyl iodides have been unsuccessful (cf. Fries and Schiirmann, Ber., 1914, 
47,1195). Kharasch and Buess (J. Amer. Chem. Soc., 1949, 71, 2724) and Kharasch and 
Orr (ibid., 1953, 75, 6031) used the liberation of iodine on addition of potassium iodide to a 
solution of a sulphenyl halide to follow the kinetics of various reactions. Rheinboldt and 
Motzkus (Ber., 1939, 72, 657) observed that 1 : 1-dimethylethanesulpheny] iodide is stable 
in ether for a few hours at --20° but slowly yields the disulphide and iodine. Messer 
(U.S.P. 2,257,974/1942) reported the preparation of benzothiazole-2-sulphenyl iodide by 
treating di(benzothiazol-2-yl) disulphide with iodine in anhydrous solvents, but as sole 
evidence gave a rather indefinite m. p. 105—125° (decomp.). 

The red-orange crystalline azobenzene-2-sulpheny] iodide dissolves in water with a pale 
greenish-yellow, but in benzene and chloroform with a blue and violet-red colour 
respectively. This is similar to the behaviour of other organic iodides such as the meth- 
iodides of pyridine and quinoline which are almost colourless in water, but yellow in solvents 
such as chloroform, the colour being due to the appearance of new characteristic absorption 
bands in the visible spectrum. It has been attributed to the presence of these iodides in 
non-ionic forms, in which the iodine participates in a covalent linkage (cf. Hantzsch, Ber., 
1911, 44, 1783; 1919, 52, 1544; Hantzsch and Burawoy, ibid., 1932, 65, 1059). This 
observation and the exceptional stability and solubility of the azobenzene-2-sulphenyl 
halides in water suggested that, in contrast to other sulphenyl halides, they might exist in 
the crystalline state and at least in aqueous and ethanolic solutions as true (ionic) salts. 
This is confirmed by the existence of a very stable, water-soluble perchlorate, prepared by 
addition of potassium perchlorate to an aqueous solution of azobenzene-2-sulphenyl 
bromide, for which a covalent structure is most unlikely; this is the first sulphenyl 


* Parts IV and V, J., 1954, 82, 90. 
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perchlorate to be recorded. On the other hand, azobenzene-2-sulpheny] cyanide, prepared 
by the addition of potassium cyanide to the aqueous bromide solution, should be non-ionic 
and is, indeed, insoluble in water. 

Determinations of the electrical conductivities in aqueous solution of the chloride, 
bromide, and perchlorate establish their presence as strong electrolytes. The equivalent 
conductivities for M/100-, M/1000-, and m/10,000-solutions are shown in Table 1, together 
with those of the corresponding potassium salts. The pH of these solutions have also been 
determined, in order to ensure that the electrical conductivity is not due to acid formed 
by hydrolysis. When the (least favourable) simplifying assumption is made that all 
hydrogen ions are due to the mineral acid formed by hydrolysis, 7.e., when any contribution 
from the carbon dioxide present is ignored, these determinations show that the degree of 
hydrolysis in M/100- and M/1000-solutions is definitely less than 1% and in m/10,000- 
solutions less than 4% (Table 1). 

TABLE 1. Equivalent conductivities of azobenzene-2-sulphenyl derivatives (ArSX) 
in water at 18°. 


m/1000 m/10,000 
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* Intern. Crit. Tables, 1929, Vol. VI, p. 229. 


The solubilities and stabilities allowed molecular weight determinations of the chloride 
and bromide in water and bromoform (Table 2). Although an appreciable experimental 
error is to be expected, these determinations confirm that in water both halides are 
dissociated. The molecular weights in bromoform are normal; but this fact cannot be 
unambiguously interpreted, since in solvents such as bromoform and chloroform 
electrolytes such as ammonium salts are strongly associated, to a degree which depends on 
both the halide anion and the size of the cation (cf. Turner, J., 1912, 1923; Hantzsch and 
Hofmann, Ber., 1911, 44, 117; Wedekind and Paschke, Ber., 1911, 44, 3072; 1912, 45, 
1449). Since it is difficult to predict the behaviour of the (ionic) azobenzene-2-sulpheny] 
halides, the presence, at least in part, of these halides as true salts cannot be excluded. 


TABLE 2. Molecular weights of azobenzene-2-sulphenyl halides. 


Wt. (g.) Solvent Wt. (g.) Method * A Mol. wt.t 
0-1984 H,O 39-9 0-069° 135 
0-2968 H,O 39-9 0-102 136 


Substance 4. "" igetor 


1-300 
1-287 
0-197 
1-205 
1-256 
0-100 
0-200 


H,O 30°7 
H,O 30-7 
CHBr, 115-6 
H,O 29-8 
H,O 26-0 
CHBr, 45-0 


0-141 

0-147 

0-091 

0-097 

0-120 

; 0-114 
¢ 0-240 


156 
148 
271 
224 
209 
281 
300 


CHBr, 45-0 ° 
* C =cryoscopic, E = ebullioscopic. t Calc. for RCI, 248-5. Calc. for RBr, 293. 

The intermediate formation of sulphenyl ions R*S* was postulated in reactions of 
sulpheny] halides and thiocyanates (cf. Kharasch and Assony, J. Amer. Chem. Soc., 1953, 
75, 1081), but Orr and Kharasch (7bid., p. 6030) showed that the addition of 2 : 4-dinitro- 
benzenesulpheny] chloride to styrene is not initiated by the ionisation of the S—Cl linkage. 
Lecher and Simon (Ber., 1921, 54, 632) found that o-nitrobenzenesulphenyl thiocyanate is 
a non-conductor in liquid sulphur dioxide, and Kharasch and Buess (J. Amer. Chem. Soc., 
1949, 71, 2724) observed that 2: 4-dinitrobenzenesulphenyl chloride in benzene has a 
normal molecular weight. On the other hand, Kharasch, Buess, and King (ibid., 1953, 


75, 6035) attributed the red colour of 2: 4-dinitrobenzenesulphenyl chloride in con- 


[1954] o-Mercapto-azo-compounds. Part VI. 4483 


centrated sulphuric acid to the presence of a dinitrobenzenesulphenyl cation, in which the 
sulphur atom and the oxygen atom of the o-nitro-group interact, producing the 
ring structure (II). 
CO 
fs \ X NO, 
°° Fey, oe a ‘ae 

(I) — oO (II) 

The azobenzene-2-sulphenyl derivatives investigated by us are the first isolated stable 
salts of this series, but it is unlikely that the cation involved has structure (III), 7.e., a true 
azobenzene-2-sulphenyl cation, since this would not easily account for its exceptional 
stability. Structure (IV), representing a 2-phenylbenzo-1-thia-2 : 3-diazolium ion formed 
by ring-closure, is more likely and is supported by the electronic spectra of the azobenzene- 
2-sulphenyl derivatives. 


+ 


x 


SN 


% 4 Xn 7 
\ = 


' ‘n-< 2. 
(ITT) ’) (V) 

The spectrum of azobenzene shows two absorption bands above 2000 A: a low- 
intensity R-band at longer wave-lengths due to an electronic transition essentially localised 
in the azo-group; and a high-intensity K-band at shorter wave-lengths resulting from an 
electronic transition along the conjugated system. R-Bands, in contrast to K-bands, are 
displaced to shorter wave-lengths and generally become more intense as the dielectric 
constant of the solvent is increased, though the effect is small for the non-polar azobenzene. 
R-Bands also disappear on salt formation, e.g., the addition of a proton to the azo-group in 
the salts of azobenzene (see V) (Burawoy, Ber., 1930, 63, 3155; 1931, 64, 464; 1932, 65, 
941; J., 1937, 1865; 1939, 1177; Discuss. Faraday Soc., 1950, 9, 70; cf. Gillam and 
Stern, ‘‘ Electronic Absorption Spectroscopy in Organic Chemistry,’’ Arnold, London, 1954, 
p. 111). Thus, the R-band should be absent in the spectrum of a cation (IV), but should 
be shown by a cation (III). 

Table 3 summarises the maxima and molecular extinction coefficients of the R- and the 
K-bands, for our sulpheny] derivatives, and gives also molecular extinction coefficients at 
4500 and 5000 A to serve as a measure of the intensity of the inflexions. The spectrum of 
azobenzene-2-sulphenyl cyanide (2-thiocyanatoazobenzene) (Fig. 2) is very similar to that 
of azobenzene. The positions of the two absorption bands show only slight variations in 
carbon tetrachloride, alcohol, chloroform, and benzene. Since water would be expected 
to be responsible for a greater shift of the R-band towards the violet, its effect has also 
been investigated. The insolubility of the cyanide precluded its examination, but 
the spectra of azobenzene itself in alcohol—-water (1:9) and of sodium azobenzene-2- 
sulphinate (Fig. 1) in water show that the R-band is still present in the aqueous solutions, 
though somewhat displaced to shorter wave-lengths and more intense. This is similar to 
the known effect of water on the R-band of the carbonyl group of acetone, mesityl oxide, 
and phorone (Scheibe, Réssler, and Backenkohler, Ber., 1925, 58, 586). 

The almost identical spectra of azobenzene-2-sulphenyl perchlorate (Fig. 2) in water, 
alcohol, chloroform, and benzene show only a high-intensity K-band at 3500—3600 A. 
Moreover, the spectra of the three halides and of the thiocyanate in water (Fig. 3—6) and 
those of the chloride and bromide in alcohol are almost identical with those of the 
perchlorate. In all cases, the R-band characteristic for the azo-group is absent. Thus the 
same absorbing entity is present in each case and this should be the cation (IV). The 
absence of the R-band definitely excludes structure (III). 

In contrast to the spectra of the perchlorate in chloroform and benzene (Fig. 2), those 
of the halides and thiocyanate in these solvents show at longer wave-lengths a band or an 
inflexion of varying intensity indicating the presence of the R-band (Figs. 3—6). This 
long-wave-length absorption is more pronounced in benzene and, as shown by the spectrum 
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of the chloride, still more so in benzene—hexane (the other derivatives were not sufficiently 
soluble to allow examination in the latter solvent mixture or in hexane). These observ- 
ations indicate the existence of equilibria between the ionic and non-ionic isomers (IV) and 
(I), the concentration of the latter increasing in the order chloroform < benzene < hexane. 

The perchlorate and the cyanide represent extremes, since they exist in all investigated 
solvents almost exclusively as the ionic and the non-ionic isomer respectively. The long- 
wave-length inflexions become more pronounced in the order R*S°Cl < R*S:Br < R:S*SCN 
and finally appear as bands in R°S:I. This may indicate that the tendency of the 5—Hal 


TABLE 3. Absorption spectra of substances 2-X-CgH,N:NPh.* 


* 0-001M. 


Solvent 
EtOH 


EtOH-H,0O (1: 9) 


EtOH 


CHCl, 
H,O 
EtOH 
CHCl, 
C,H, 
H,O 
EtOH 
CHCl, 
C,H, 


C,H,-C,H,, (1: 4) 


H,O 
EtOH 
CHCl, 


H,O 
CHCl, 


Cz. 


t 0-000,02M. 


R-Band 


max. (A) 
4425 
4230 
4675 
4400 
4450 * 
4400 * 
4400 * 
4425 * 


{ Inflexion. 


E4500 
482 
615 
240 
675 


1295 


E50co 
170 
122 
183 
350 
234 * 
200 * 
220 * 


1052 


K-Band 


Aninx. (A ) 
3175 
3200 
3225 
3250 
3300 
3290 
3310 
3300 
3500 
3550 
3590 
3500 t 
3500 


3550 
3050 
3550 
3165 
3450 tf 
3530 
3550 


3550 


€ 
17,500 
21,600 
20,800 
19,200 
19,800 
19,000 
17,800 
17,200 
19,100 
17,000 
17,200 
12,500 
17,800 
18,100 
18,100 
16,800 
12,800 
17,500 
17,200 
17,000 


15,200 


17,900 
17,000 
17,800 
19,200 
17,800 


17,500 
16,000 


14,500 


* 0-0001m unless otherwise stated. 


linkages to ionise increases in the order I < Br < Cl, #.e., the reverse of the order known 
for C-Hal bonds. However, the intensity and position of the inflexions may not necessarily 
be a quantitative measure of amount of the non-ionic isomer present. The increasing 
absorption at longer wave-lengths will be partly due to a displacement of the R-bands of 
the individual sulphenyl derivatives to longer wave-lengths with the increasing 
polarisability of the halogen atom and possibly, particularly with the iodide, to an 
independent contribution of the group SX. This and other aspects are being further 
investigated. 

The facts discussed do not throw light on the structure of the crystalline azobenzene-2- 
sulphenyl! derivatives, but the perchlorate and cyanide can be safely assumed to be ionic 
and non-ionic respectively, and X-ray analysis of the chloride, as yet incomplete, carried 
out by Bartindale and Farrow has already established its ionic structure (cf. Appendix). 
On the other hand, the colour of the crystalline substances changes from greenish-yellow 
for the perchlorate to light-yellow for the chloride and bromide, orange-yellow for the 
cyanide, orange for the thiocyanate, and red-orange for the iodide. The possibility of 
a non-ionic structure of the thiocyanate and iodide cannot, therefore, be excluded. 
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Alternatively, the colour changes may indicate the presence of at least some non-ionic 
molecules in the crystalline state. 


45 
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APPENDIX 


Crystals of azobenzene-2-sulphenyl chloride have been examined by optical and X-ray 
methods. The crystals are orthorhombic prisms {011} terminated by {100}, and under tie 
polarising microscope are seen to be slightly pleochroic. By Farquhar and Lipson’s 
method (Proc. Phys. Soc., 1946, 58, 200) it was found that the unit-cell dimensions are 
a = 7-591 + 0-004 A, b = 20-32 + 0-01 A, c = 7-582 + 0-004 A. There are four molecules 
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per unit cell (d, 1-43; calc., 1-41). Absent spectra are Ok/ for k + / odd, hOl for h odd, 
showing that the space group is either D}$ — Puma or C3, — Pna2,. The first of these is 
ruled out since it would require the molecule to lie in a plane of symmetry and intensity 
relations show that this is not the case. 

The space group Pna2, has no centre of symmetry but the projection on (001) has a 
centre of symmetry due to the two-fold screw axis. A Patterson—Fourier projection on 
(001) showed clearly the positions of the chlorine and the sulphur atoms and these were 
confirmed by a Fourier F-synthesis. It was found that the smallest projected S—Cl distance 
is 2-7 A. This is so large that it at once excludes the possibility of a covalent link between 
sulphur and chlorine, the length of which would be 2-0 A (cf. Palmer, J. Amer. Chem. Soc., 
1938, 60, 2360; Stevenson and Beach, sbid., p. 2872). 

A complete structure determination is in progress, by the methods of Hanson, Lipson, 
and Taylor (Proc. Roy. Soc., 1953, A, 218, 371). 


EXPERIMENTAL 


Action of Zinc on Azobenzene-2-sulphenyl Bromide.—A solution of azobenzene-2-sulpheny] 
bromide (0-4 g.) in benzene (30 c.c.) was refluxed for 30 min. with zinc dust (3 g.), then filtered 
hot, and concentrated. Almost pure di-(o-phenylazophenyl) disulphide (0-2 g., 68%) 
separated. It crystallised from light petroleum (b. p. 60—80°) as orange needles, m. p. 141 
142°, identical with the product obtained by Burawoy and Vellins (Part V, Joc. cit.). 

Azobenzene-2-sulphenyl Chloride.—Concentrated hydrochloric acid (40 c.c.) was added to a 
solution of azobenzene-2-sulphenyl bromide (0-45 g.) in water (50 c.c.) at 45°. Extraction with 
chloroform yielded almost pure azobenzene-2-sulphenyl chloride (0-35 g., 92%), yellow prisms, 
m. p. 227—-228°, from water or benzene (Found: C, 57:7; H, 3-5; N, 11:3. C,,H,N,SCl 
requires C, 57-9; H, 3-6; N, 11-3%). 

A zobenzene-2-sulphenyl Iodide.—A solution of potassium iodide (1 g.) in water (10 c.c.) was 
added to azobenzene-2-sulphenyl bromide (0-3 g.) in water (40 c.c.) at 45°. The precipitate of 
almost pure azobenzene-2-sulphenyl iodide (0-35 g., 94%) crystallised from ethyl alcohol as red- 
orange prisms, m. p. 192—193° (Found: C, 42-0; H, 2-5; N, 8-0. C,,H,N,SI requires C, 42-4; 
H, 2:6; N, 8-2%). 

A zobenzene-2-sulphenyl Thiocyanate.—A solution of sodium thiocyanate (0-5 g.) in water 
(10 c.c.) was added to azobenzene-2-sulphenyl bromide (0-3 g.) in water (46 c.c.) at 45°. The 
precipitate of almost pure azobenzene-2-sulphenyl thiocyanate (0-25 g., 90%) crystallised from 
benzene as orange prisms, m. p. 147—148° (Found: C, 57-7; H, 3:7; N, 15-4. C,,;H,N,S, 
requires C, 57-6; H, 3:3; N, 15-5%). 

A zobenzene-2-sulphenyl Perchlorate.—A solution of sodium perchlorate (1 g.) in water (20 c.c.) 
was added to azobenzene-2-sulpheny] bromide (0-5 g.) in water (40 c.c.) at 45°. The precipitate 
of almost pure azobenzene-2-sulphenyl perchlorate (0-5 g., 93%) recrystallised from ethyl alcohol 
as greenish-yellow needles, m. p. 214—216° (decomp.) (Found: C, 46:0; H, 2-9; N, 8-7. 
C,2.H,O,N,SCI requires C, 46-1; H, 2-9; N, 9-0%). 

Azobenzene-2-sulphenyl Cyanide (2-Thiocyanatoazobenzene).—A solution of potassium 
cyanide (0-5 g.) in water (10 c.c.) was added to azobenzene-2-sulphenyl bromide (0-45 g.) in 
water (60 c.c.). The precipitated product (0-4 g.) crystallised from light petroleum (b. p. 40 
60°) as orange-yellow needles, m. p. 99—100° (Found: C, 64-8; H, 3-6; N, 16-8. C,,H,N;S 
requires C, 65-3; H, 3-8; N, 17-6%). 

Spectra were determined with a Hilger Uvispek Photoelectric Spectrophotometer. The 
chloroform used was purified according to Hantzsch (Ber., 1919, 52, 1546) and dried over 
potassium carbonate. The spectra of all solutions were unchanged after 4 days in the dark. 
The spectra of the azobenzene-2-sulphenyl chloride, bromide, and perchlorate in ethyl alcohol 
were determined in presence of 10 mols. of the corresponding acid in order to inhibit the other- 
wise appreciable solvolysis, but no similar allowance was made for the spectra in water, in which 
hydrolysis is negligible. Beer’s law was tested in a few cases in the long-wave-length region ; 
small deviations showing a slight increase of the intensity of the inflexions at higher 
concentrations were observed (cf. Table 3). 
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The Infra-red Spectra of Chelate Compounds. Part I. Systems of 
Keto—Enol Type. 


By L. J. BELLAMy and L. BEECHER. 
[Reprint Order No. 5639.] 


The carbonyl frequencies of aldehydes and ketones involved in conjugate 
chelation are shown to be linearly related to the double-bond character of 
the enol or ring double bond. The carbonyl frequencies of chelated esters 
and acids show a similar relationship. 


INFRA-RED studies on keto-enol systems indicate that the grouping R-CO-CH:CR-OH is 
capable of forming a resonance-stabilised intramolecular hydrogen bond of considerable 
strength. This results in a very large shift of the carbonyl absorptions, whereas normal 
hydrogen bonding rarely produces shifts of more than 10 cm.*! (Grove and Willis, ]., 1951, 
877). Observations on the extent of this carbonyl shift offer the best means of studying 
the strength of the hydrogen bond in such compounds, as the hydroxyl-group absorptions, 
which are also affected, are usually too broad and shallow for precise measurement. 

This ‘‘ conjugate chelation ’’ was first observed by Rasmussen, Tunnicliffe, and 
Brattain (J. Amer. Chem. Soc., 1949, 71, 1068, 1073), in acetylacetone and in acetoacetic 
ester; it also occurs in enolisable cyclic $-keto-esters (Leonard, Gutowsky, Middleton, and 
Petersen, ibid., 1952, 74, 4070). Park, Brown, and Lacher (ibid., 1953, 75, 4753) found 
chelation effects in partially fluorinated $-diketones and showed that the carbonyl 
frequencies revert to normal values when enolisation is precluded by substitution of the 
central active methylene group. 

A similar effect is found in ortho-hydroxy-aromatic aldehydes and ketones in which the 
unsaturation of the ring plays the part of the enol double bond. Hunsberger (ibid., 1950, 
72, 5626) attributed the low carbonyl frequencies found in such compounds as 2-acetyl-1- 
hydroxynaphthalene and related aldehydes and esters to conjugate chelation, whilst Flett 
(J., 1948, 1441) reported earlier that the carbonyl frequencies of 1-hydroxyanthraquinones 
were abnormally low. More recently, Hunsberger, Ketcham, and Gutowsky (J. Amer. 
Chem. Soc., 1952, 74, 4839) obtained evidence of a linear relation within the aromatic series 
between the frequency shifts shown by any one type of carbonyl group and the double-bond 
character of the ring bond which plays a part in the chelation. 

4. a preliminary to work which we are proposing to carry out on the infra-red spectra 
of metallic chelate compounds we have recently examined a number of keto—enol and 
related materials, and the results obtained form the subject of this communication. 


EXPERIMENTAL 


The spectra were obtained with a Perkin-Elmer 21B recording spectrometer, a rock-salt 
prism being used. Samples were examined in chloroform solution at very high dilutions, 
a 0-4 mm. cell being used with a similar cell containing the solvent placed in the reference 
beam to eliminate solvent interference. The results relevant to the discussion are given in 
Tables 1 and 2, and in all cases the carbonyl absorptions have been assigned on the basis of their 
being the strongest bands in this spectral region. 


DISCUSSION 


(a) Aldehydes and Ketones.—Hunsberger et al. (loc. cit.) calculated the carbonyl shifts 
in the spectra of their chelate compounds by comparison with the frequencies of the original 
aldehydes and ketones, so that salicylaldehyde, for example, is compared with benzaldehyde 
and 2-acetyl-1-hydroxynaphthalene with 2-acetylnaphthalene. A similar method, applied 
to the results given in Table 1, suggests that their linear relation between double-bond 
strength and carbonyl shift does not hold good for aliphatic compounds with full double- 
bond character. Thus dibenzoylmethane (1600 cm.1) can fairly be compared with 
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benzylideneacetophenone (1667 cm.“!) giving a spectral shift of 67 cm.-!, but acetylacetone 
(1608 cm.) shows a shift of 90—98 cm.-! when compared with acetylacetonyl acetate 
(1698 cm.!) or the unchelated enol-form of 5: 5-dimethylceyclohexane-1 : 3-dione 
(1706 cm.-!). Similar wide discrepancies are found with the other compounds listed, and 
Hunsberger et al. (loc. cit.) also noted that the value for methyl acetoacetate corresponded 
to only 80° double-bond character. However, it is by no means certain that this is a 
proper basis of assessment. Although conjugation of a carbonyl group by an a$-double 
bond lowers its frequency by 20—30 cm."!, further conjugation in the y8-position has only 
a very small effect, and the frequency thereafter remains essentially constant with further 
extension of the conjugated chain (Blout, Fields, and Karplus, 7. Amer. Chem. Soc., 1948, 
70, 194). It therefore seems likely that any variations in the original carbonyl frequency 
due to the influence of groups outside the resonant structure will be largely submerged in 
the major effects of chelation, and the small initial difference between aldehydic and ketonic 
groups would also be minimised. 

On this basis linearity would be more likely to arise between double-bond character and 
the actual carbonyl frequencies observed, and the fact that all the values for aliphatic 
keto-enols listed in Table 1 lie very close to 1600 cm."! strongly supports this. The four 
fluoroacetylacetones studied by Park e¢ al. (loc. cit.) also absorb at this point, probably 
because the trifluoromethyl group induces enolisation of the adjacent keto-group and is 
therefore well removed from the carbonyl undergoing chelation. In the four cyclic 
compounds they examined this is not possible and the chelated carbonyl group is next to 
the trifluoromethyl group. With such a highly electronegative group some effect upon 
the carbonyl frequency is not surprising, but even so, the observed range (1637— 
1621 cm.~) indicates only a relatively small displacement from 1600 cm.-! when compared 
with the shifts of 60—70 cm.! found by Haszeldine (Nature, 1951, 168, 1028) in 
a-fluorinated ketones. We have accordingly plotted the mean of our values and the mean 
of all the values from salicylaldehyde derivatives directly against double-bond character. 
The result is shown in Fig. 1 in which the mean values for aldehydes and ketones of inter- 
mediate character studied by Hunsberger e¢ al. (loc. cit.) have been inserted. It will be 
seen that not only do these points lie reasonably close to the straight line but also that on 
extrapolation this line cuts the frequency axis at 1708 cm.-!. This can be reasonably 
related to the frequency of the unchelated compound and it compares very favourably with 
the value of 1706 cm. which we have obtained for benzaldehyde and also for the unbonded 
enol-form of 5 : 5-dimethylcyclohexane-1 : 3-dione. 


TABLE 1. Assigned carbonyl frequencies. 
Assign- Re- Assign- Re- 
Compound cm.! ment marks Compound com. ment marks 
Acetylacetone 1724 Keto 2-Cyano-2-methyl- 1721 Keto d 
1608 Enol chelate cyclohexanone 
Benzoylacetone 1724 Keto Salicylaldehyde 1668 Chelate 
1600 Enol chelate 2-Hydroxy-3-meth- 1653 - 
Dibenzoylmethane 1600 6 oxybenzaldehyde 
2-Formylcyclohex- 1706 Keto-aldehyde 2: 4-Dihydroxybenz- 1653 
anone 1596 Enol chelate aldehyde 
a-Thenoyltrifluoro- 1595 - 5-Chloro-2-hydroxy- 1656 
acetone benzaldehyde 
5 : 5-Dimethylceyclo- 1733 Keto 1 : 5-Dihydroxyan- 1631 ) 
hexane-1 : 3-dione 1706 Free enol thraquinone 1626 J 
1603 Chelate 1:2:5:8-Tetrahydr- 1600 
2-Cyanocyclohex- 1721 Keto oxyanthraquinone 
anone 
a, Independent of concentration. 6, Concentrationdependent. c,C:N absorption 2240, 2190 cm."'. 
d, C:N absorption 2240 cm.1. 


Apparently, the carbonyl frequencies of chelate compounds of this type are determined 
almost wholly by the character of the double bond involved and this is not unexpected as 
the length of the double bond will effectively determine the O+-+Odistance. The fact that 
these frequencies are essentially the same in all the aliphatic keto—enol systems studied 
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also indicates that in the resonance between (I) and (II), the contribution of (II) will be the 
same in all these cases. 


A=0 p&-O- 


“\e-07 7 an =0% sd 


From the equation derived by Hunsberger ef al. (loc. cit.) this corresponds to about 
20—25% in aliphatic keto-enols. As the equilibrium constants of the enols vary widely 
it also follows that the proportion of this resonant form is not a determining factor in their 
ionisation and that no relationship is to be expected between their carbonyl] frequencies and 
equilibrium constants. This is in line with the work of Calvin and Wilson (J. Amer. Chem. 
Soc., 1945, 67, 2003), which indicated that the equilibrium constants of keto-enols were 


(I) (II) 
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independent of double-bond character, and it can also be deduced indirectly from the fact 
that acetylacetone and salicylaldehyde have widely different carbonyl frequencies but very 
similar Kp values. In the assignment of double-bond character, Pauling’s fractional 
values have been used throughout (Pauling, ‘‘ The Nature of the Chemical Bond,’’ Oxford 
University Press). These ignore ionic and Dewar forms, and it is interesting to find that 
if allowance is made for them and frequencies are plotted against bond orders the agreement 
is less satisfactory, as resonance of the chelate ring effectively ensures that only the two 
Kekulé structures are present. 

These findings do not of course apply directly to the hydroxyanthraquinones examined 
by Flett (loc. cit.) as the introduction of the carbonyl groups directly into the ring results 
in a substantial degree of bond fixation. Thus the value given in Table 1 for 1 : 5-di- 
hydroxyanthraquinone corresponds to a double-bond strength of about 80% whilst in 
1 : 2:5: 8-tetrahydroxyanthraquinone the absorption occurs at 1600 cm."1, suggesting 
that under the influence of chelation from both sides the ring double bond has become fully 
stabilised. 

It is interesting to find that 5 : 5-dimethylcyclohexane-l : 5-dione absorbs at 1603 cm.”? 
along with the other keto-enols, as in this instance only intermolecular bonding is sterically 
possible. This band vanishes on dilution; and the 1706 cm.-! band, which we attribute 
to the unchelated enol, is not linear with concentration but disappears at very high 
dilutions. At extreme dilutions in non-polar solvents this compound therefore exists only 
in the diketo-form, which contrasts with its behaviour in the solid state when only chelated 
enolic carbonyl absorptions are shown. 2-Cyanocyclohexanone and 2-cyano-2-methyl- 
cyclohexanone have been included in Table 1; their spectra confirm the expectation that 
the hydrogen atom involved in the enolisation of cyclohexanone derivatives must be that 
which is activated by an attached unsaturated group and cannot, for example, be derived 
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from the 6-position. 2-Cyanocyclohexanone shows evidence of hydroxy] absorption in the 
3300 cm.~! region and has two nitrile absorptions at 2242 cm.-! and 2190 cm." corresponding 
to C=N groups attached to saturated carbon atoms and «$-unsaturated systems, respectively. 
2-Cyano-2-methylcyclohexanone, on the other hand, is wholly ketonic, shows no hydroxyl 
absorptions and has only a single C=N absorption at 2240 cm."}. 

(b) Acids and Esters.—Acids and esters have not been included in the above discussion 
as the introduction of a second oxygen atom directly on to the carbonyl group taking part 
in the resonance can be expected to have a considerably greater influence on its frequency 
and on the contribution of the resonant form (II) than would result from conjugation or 
from the alteration of substituents on an aromatic ring. The data available on these 
compounds are very much limited but it will be seen from Table 2 that the aliphatic esters 
again show a constant frequency of 1645 cm.!. Leonard e¢ al. (loc. cit.) reported values 
between 1653 cm.-! and 1660 cm. for six chelated esters of cyclohexanone but as one 
of these is ethyl 2-oxocyclohexane-l-carboxylate, for which our value is 1645 cm.*}, it is 
possible that this difference is instrumental and not real. On plotting of the value given in 
Table 2 against double-bond character (Fig. 2), a straight line is obtained which cuts the 
frequency axis at 1717 cm.-!._ This compares well with the value for such unchelated esters 
as methyl methacrylate (1718 cm.~1) and propyl methacrylate (1721 cm.1)._ Hunsberger’s 
values for the methyl 3-hydroxy-2-naphthoate and for methyl 1-hydroxy-2-naphthoate 
fall within 2 cm. of this line but those for methyl 2-hydroxy-l-naphthoate and methyl 
10-hydroxyphenanthrene-9-carboxylate depart from it by about 10 cm.!. A similar plot 
of the frequencies of the limited number of acids available gives an almost parallel straight 
line cutting the axis at 1700 cm.!. This also compares well with the range 1692— 
1700 cm.-! found by Freeman (J. Amer. Chem. Soc., 1953, 75, 1859), for a series of six 
alk-2-enecarboxylic acids. 


TABLE 2. Assigned carbonyl frequencies. 
Assign- Re- Assign- Re- 
Compound cm.} ment marks Compound om." ment marks 
Ethyl l-oxotetralin-2- 1733 Ester CO Acetoacetic ester 1733 Ester CO 
carboxylate 1698 Unsaturated 1709 Keto CO 
keto CO 1645 Chelate 
1645 Chelated enol Methyl salicylate 1668 
ester Salicylic acid 1661 
Ethyl 2-oxocyclohex- 1642 Chelate 2:5-Dihydroxyben- 1669 
ane-1l-carboxylate zoic acid 
Ethyl 1-methyl-2-oxo- 1724 Ester CO 2:4-Dihydroxyben- 1653 
cyclohexane-1l-carb- 1712 Keto CO zoic acid 
oxylate 3-Hydroxy-2- 1678 
Ethyl 2-oxocyclohex- 1724 Keto CO naphthoic acid 
ane-l-carboxylate 1704 Acid CO 
1634 Chelate 


Despite the limited data available, therefore, it seems very probable that in acids and 
esters also, the carbonyl frequency is a linear function of the double-bond character but 
that, owing to the influence of the OH or OR groups, the slope of the line is altered to a 
lower value than that given by aldehydes and ketones. 

As in the case of 2-cyanocyclohexanones, the absence of hydroxyl absorptions and the 
normal ester carbonyl frequency of ethyl 1-methyl-2-oxocyclohexane-l-carboxylate when 
compared with the typical chelate spectrum of the unmethylated derivative confirm that 
chelation cannot occur when enolisation is precluded by substitution of the active 
hydrogen atom. 


We thank Mr. E. F. Norman, of this establishment, who prepared some of the compounds 
examined and also Dr. V. A. Petrow, of B.D.H. Ltd., who supplied most of the cyclohexanone 
derivatives. Thanks are also due to the Chief Scientist, Ministry of Supply, for permission to 
publish this paper. 
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The Infra-red Spectra of Chelate Compounds. Part II.* 
Metal Chelate Compounds of 8-Diketones and of Salicylaldehyde. 
By L. J. BELLAMy and R. F. BRANCH. 

[Reprint Order No. 5640.] 


The carbonyl absorptions of metal chelate compounds of 8-diketones are 
not wholly dependent upon the double-bond strength of the enol, and 
no direct relation could be traced between these frequencies and the stabilities 
of copper complexes with various ligands. A linear relation exists, however, 
in the case of chelate compounds of salicylaldehyde with different bivalent 
metals. In more symmetrical structures the frequency differences are much 
reduced so that, although the carbonyl frequencies of chelate compounds of 
a-thenoyltrifluoroacetone can be shown to follow the expected order of 
stability, the values for acetylacetone chelate compounds are essentially the 
same for all metals. The reasons for this are discussed. 


Very little work is recorded on the infra-red spectra of metal chelate compounds although 
the visible absorption spectra have been used by several workers in the study of bond 
types. Thus, Plumb, Bersworth, and Martell (J. Phys. Coll. Chem., 1950, 54, 1208) have 
shown that ionic metal complexes of ethylenediaminetetra-acetic acid show a shift of the 
visible absorptions to higher frequencies which is proportional to the stability of the chelate 
compound formed. Barnes and Dorough (J. Amer. Chem. Soc., 1950, 72, 4045) found a 
similar shift in alkali-metal porphine derivatives, which contrasts with a shift in the 
opposite direction shown by other porphine chelate compounds, such as those of copper 
and zinc in which the bonds are largely covalent. On the other hand, McKenzie, Mellor, 
Mills, and Short (J. Proc. Roy. Soc. N.S. Wales, 1944, 78, 70) found very little difference 
between the visible spectra of acetylacetone and its nickel chelate derivative, and Geyer 
and Smith (J. Amer. Chem. Soc., 1941, 63, 3071) found that chelate compounds of 
1-hydroxyanthraquinone show similar absorption frequencies but considerable differences 
in intensity. 

In the infra-red field interest has been centred almost wholly on the acetylacetone 
complexes which have been studied by Morgan (U.S. Atomic Energy Commission, 1949, 
No. 12,569, p. 16), by Lecomte (Discuss. Faraday Soc., 1950, 9, 125), and by Duval e¢ al. 
(Compt. rend., 1950, 231, 272; Bull. Soc. chim., 1952, 106). Bellamy, Spicer, and Strickland 
(J., 1952, 4653) also examined a few acetylacetone complexes and some derivatives of 
curcumin. In all these cases, however, interest has been centred on the structure of the 
ligand and no work has been done on the possible use of infra-red measurements in relation 
to the character or stability of the chelate bonds. 

It has been shown (Part I *) that in hydrogen-bonded chelate compounds of 8-diketones 
the carbonyl frequency is determined almost wholly by the character of the adjacent 
double bond. In the case of metal chelate compounds, however, in which the metal 
cannot be co-linear with the oxygen atoms other factors will operate. Thus the O----O 
distances might change with alterations in the covalent or ionic radii of the metal atoms, 
and they should also depend to some extent on the configuration of the metal atom. For 
example, chelate rings with different angles might be expected from square and from 
tetrahedral structures. These changes would be expected to be reflected in the infra-red 
spectra and in particular in the carbonyl frequencies and we have made a preliminary 
examination of a number of metal chelate compounds from this point of view. In the first 
instance we have sought to find whether any relation exists between the stability of 
chelate compounds and these absorption frequencies and have examined a series of copper 
chelate compounds with a number of different $-diketone ligands. Changes following 
alteration of the metal atom have also been studied in three different ligands, and the 
results obtained form the subject of this communication. 


* Part I, preceding paper. 
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EXPERIMENTAL 

Spectra were obtained by means of a Perkin-Elmer 21B recording spectrometer with a rock- 
salt prism. Samples were examined in chloroform solution in 0-4 mm. cells, a similar cell 
containing solvent being used in the reference beam. Samples which were not soluble in 
chloroform were examined as pastes in paraffin oil. The results obtained are given in the 
tables and are discussed below. In all cases in which more than a single band has appeared in 
the expected region the carbonyl absorption has been identified with that having the greatest 
intensity. This follows the observation by Rasmussen, Tunnicliff, and Brattain (J. Amer. 
Chem. Soc., 1949, 71, 1068) that the intensities of carbonyl absorptions in resonance chelated 
8-diketones were greater than those of normal carbonyl absorptions by a factor of at least 100. 


DISCUSSION 
(a) Copper Chelate Compounds with Various B-Diketone Ligands.—The copper complexes 
of §-diketones differ from the parent hydrogen-bonded materials in a number of important 
respects. In particular, as has been shown by earlier workers on acetylacetone complexes, 
the complete resonance between forms (I) and (II) leads to a modification of the character 
of both the C=O and C-O links. As a result both take on an intermediate double-bond 


| ¢ 
C 
-4 \c- aN 
< % " igh (I) 


"9 Cu Cu 

character. Two bands of approximately equal intensity are shown in the spectra and, by 
analogy with the ionised carboxyl group, these have been assigned by Lecomte (loc. cit.) 
to the asymmetric and symmetric vibrations of these two groups. The splitting of the 
carbonyl absorption in this way prevents the direct application of the equation derived by 
Hunsberger, Ketcham, and Gutowsky (J. Amer. Chem. Soc., 1950, 72, 5626) relating the 
shift of the carbonyl absorption and the proportions of the canonical forms. It is, however, 
interesting to find that if the mean value of the two observed frequencies is substituted in 
this equation the values for the proportions of (I) and (II) in the $-diketones listed in 
Table 1 lie close to the 50: 50 equilibrium which would be expected. Salicylaldehyde is an 
exception as only cne strong band is shown, presumably indicating that owing to the 
weaker double bond involved the resonance is less complete. 


TABLE 1. Copper chelate compounds : carbonyl frequencies (cm.-1) measured in dilute 
chloroform solutions. 
Ligand Ligand 


ACRERIIDOTOMD .osniccscesinsia too dex AO 1389 Ethyl 2-oxocyclohexanecarboxylate... 1590 1290 
SALICVIRIGEH YES a... svesscesecsssse 5 — Ethyl 1l-oxotetralin-2-carboxylate ... 1592 1287 


a-Thenoyltrifluoroacetone f 1309 2-Formylcyclohexanone .................. 1592 1353 
Benzoylacetone é 1389 Acetoaceticester  ......:..sccccccseoss. L670 ° 1282 
Dibenzoylmethane 5 1391 


The frequencies found in this region which can be assigned to the vibrations of the 
modified C=O and C—O groups are listed in Table 1. It will be seen that the double-bond 
character of the enol bond no longer plays the dominant role in determining the frequency 
which it appears to do with hydrogen chelate compounds (Part I). Conjugation effects, 
for example, clearly influence the frequency considerably as shown by the series of copper 
complexes of acetylacetone, benzoylacetone, and dibenzoylmethane. However, there is 
no obvious relation between these frequencies and the stabilities of the corresponding 
chelate compounds, which in these compounds are very similar (Van Uitert, Thesis, 
Pennsylvania State Coll., 1951). 

(b) Metal Chelate Compounds of Salicylaldehyde.—Chelate compounds of salicylaldehyde 
differ from those of #-diketones in not showing any second C—C absorption comparable in 
intensity with the first, and in some cases the carbonyl absorption is not far removed from 
that of salicylaldehyde itself. It therefore appears reasonable to conclude that in these 
cases the carbonyl group retains at Jeast a proportion of its original character and that 
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interference from coupling effects is relatively small. The values for this carbonyl 
frequency for a variety of metals are given in Table 2. The metals chosen were those for 
which reliable stability constants are available from the work of Mellor and Maley (Nature, 
1947, 159, 370; 1948, 161, 436) but cadmium, iron, and manganese were omitted as there 
appears to be some doubt as to whether they are disalicylaldehyde complexes. 

It will be seen that the carbonyl shifts follow the order Pd > Cu > Ni>Co> 
Zn > Mg, which is the usual order of stabilities for bivalent-metal complexes, and when 
the carbonyl frequencies are plotted directly against the stabilities (log K,K,) given by 
Mellor and Maley (loc. cit.) a straight line relation is found (Fig. 1). It should therefore be 
possible to utilise infra-red measurements to determine directly the stabilities of other 
chelate compounds of bivalent metals with salicylaldehyde. In addition a plot of atomic 
number against carbonyl frequency results in a curve (Fig. 2) which is similar in shape to 
that derived by Irving and Williams (Nature, 1948, 162, 746). They have shown that the 
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stability constants of a number of bivalent-metal chelate compounds follow the same 
trend in relation to atomic number, and show a gradual increase through a transition 
series to copper; followed by a fall at zinc which is the first member of the series which is 
unable to form octahedral d?sp or square dsp? orbitals. 


TABLE 2. Carbonyl frequency (cm. ) of metal chelate compounds. 


Salicylaldehyde * Thenoyltrifluoroacetone f Acetylacetone f 
Copper f 1309 1580 1390 
COME sctingderwnkins : 1305 1586 1373 
INUGIE ois bonses donnns 5 59% 1266 1605 1389 
Magnesium _— — 1590 1397 
Zine sedis eles wow é 5S 1297 1577 1375 
EROS, cexersdbicedacvss. 57f 1305 1575 1370 
CRT 0s vdecnsiene 1287 
POUR, 045020000 509 - 

* Determined on paraffin pastes of the solids. t Chloroform solutions. 


(c) Metal Chelate Compounds of «-Thenoyltrifluoroacetone.—The coupling effects 
observed in the copper chelate compounds with differing ligands come into play also with 
the metal chelate compounds of «-thenoyltrifluoroacetone. Two bands of about equal 
intensities are shown which correspond to modified C—O and C—O vibrations, and the 
separation of them is notably greater than in the acetylacetone complexes (see Table 2). 
This may perhaps indicate that the dissymmetry introduced by the thenoyl group and 
especially by the trifluoromethyl group results in their retention at least to a small extent 
of some measure of their original characters. The differences between the frequencies of 
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the first of these two bands with different metals are very much less than those given by 
salicylaldehyde chelate compounds but it will be seen from Fig. 2 that they still follow the 
Irving and Williams’s (Joc. cit.) general stability pattern. Very few data are available on 
the absolute stability constants of these compounds but it is in any case doubtful whether 
the frequency differences are sufficiently great to permit of their use as a measure of 
stability. 

(d) Metal Chelate Compounds of Acetylacetone.—As will be seen from Table 2 the 
frequencies of the first carbonyl absorption in metal acetylacetone complexes are essentially 
the same and only nickel and magnesium show any departure from the common value. 
Resonance effects are clearly operating sufficiently strongly to dwarf any variations in 
frequency which might have been expected to follow alterations on the metal. This 
finding is supported by the spectra obtained by Lecomte (loc. cit.) and the other workers 
cited, all of whom found that the first carbonyl absorption in acetylacetone derivatives of 
bivalent metals lie at about the same frequency. The second carbonyl absorption, near 
1400 cm."!, shows rather more variation but shows no obvious relation with the stability. 

Conclusions.—It appears, therefore, that no direct correlation between infra-red 
absorption frequencies and chelate stability exists in the $-diketones, despite the fact that 
there is a linear relation between these factors for salicylaldehyde derivatives. This is 
almost certainly due to the increased resonance and coupling effects occurring in {-di- 
ketones rather than to any difference in the type of linkage involved. The insolubility of 
the salicylaldehyde compounds in organic solvents might well be taken to indicate the 
presence of a more ionic type of linkage in these cases but the weight of evidence from 
magnetic and other measurements indicates that the vast majority of the §-diketone 
chelates are also ionic. In some ways the present findings are similar to those of workers 
on the acetylacetone compounds and other chelate compounds in the visible spectrum, and 
it may be that as with the visible spectra of 1-hydroxyanthraquinone derivatives the 
differences produced by variations in the metal will be more clearly shown in a careful 
comparison of the relative intensities of the carbonyl absorptions rather than by their 
absolute frequencies. 

Thanks are due to Mr. E. F. Norman of this establishment who prepared some of the 
compounds examined and to the Chief Scientist, Ministry of Supply, for permission to publish 
this paper. 
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Proximity Effects in the Interpretation of the Basic Strengths of 
Primary Aromatic Amines. 


By R. N. BEALE. 
[Reprint Order No. 5431.] 


The basic strengths of some aniline derivatives with methyl substituents 
in the ring have been determined by a combination of ultra-violet spectro- 
photometry and pH measurements, and the values compared with those 
obtained by other methods. The substituent effect is additive except when 
two substituents, or a substituent and the basic group, are vicinal. Explan- 
ations of the departures from additivity are attempted in terms of electromeric, 
inductive, and spatial effects. Steric hindrance involving the amino-group is 
known to be absent. Steric strain in, and steric hindrance to solvation of, 
the anilinium ions appear to play, at most, only a minor réle in influencing 
basic strength. 


AN investigation of the dissociation constants of a series of tumour-inhibitory and carcino- 
genic trans-aminostilbene derivatives necessitated a study of the variations in base strength 
of some ring-substituted methyl derivatives of aniline. Although values for a number of 
these bases have been reported (see Table 1), the dissociation constants of aniline, the 
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toluidines, mesidine, and five of the six isomeric xylidines have been determined under 
identical conditions, in order to enable reliable comparisons to be made. 

The present work has a bearing on the complex “ ortho-effect ’’ (Hofmann, Ber., 1872, 
5, 704; Kehrmann, Ber., 1888, 21, 3315; Meyer, Ber., 1894, 27, 510; Lapworth and 
Manske, /J., 1928, 539; Bennett and Mosses, J., 1930, 2364; Dippy, Chem. Reviews, 1939, 
25, 151) for primary aromatic amines, and qualitative assessment of the effects of more 
than one alkyl substituent in the aniline ring is attempted. 


EXPERIMENTAL 

Purification of Bases.—A commercial sample of the base was poured into 18% hydrochloric 
acid, and the resulting precipitate was dissolved by heat. The solution was allowed to cool 
without refrigeration during 1—2 hr. and the crystals were collected and washed with small 
quantities of 18% hydrochloric acid. The wet hydrochloride was dissolved in water, and the 
solution rendered alkaline with 40% aqueous sodium hydroxide, cooled, and extracted with 
ether. The combined extracts were washed with water, dried, and filtered. After removal of 
the ether, the residual oil was roughly fractionated at atmospheric pressure; a small middle 
fraction was collected for determination of the pK, value. In each case a colourless oil or solid 
resulted. 

Spectrophotometric Determination of the Degree of Ionisation (a«).—About 0-2 ml. of oil or 
0-18 g. of solid base was dissolved immediately after distillation in 20 ml. of M-hydrochloric 
acid and the whole diluted to 100 ml.; 25 ml. of this solution were further diluted with water 
to 100 ml., this solution being suitable for spectrophotometric measurement in l-cm. cells. A 
knowledge of the exact concentration of base was not required. A solution of the free base in 
0-05m-sodium hydroxide was prepared similarly by diluting 2-5 ml. of the concentrated solution 
to 100 ml. (the base absorbs more strongly than the ion). Two solutions of the same total base 
concentration as for the alkaline solution were prepared in sodium acetate—hydrochloric acid 
buffers of ionic strength 0-05, chosen to give pH values such that the degree of ionisation, «, 
lay in the range 40—60%. The solutions of the ion, base, and their mixtures were examined in 
a Beckman spectrophotometer at a series of wave-lengths in the region 260—300 my where the 
extinction coefficients of ion and base differ most. Optical densities were corrected for any 
imbalance in light absorption of the blank and solution cells when both were filled with the 
appropriate solvent. Similar techniques have been used for the visible region by Brode (J. 
Amer. Chem. Soc., 1924, 46, 581) and for the ultra-violet region by, inter al., Flexser, Hammett, 
and Dingwall (ibid., 1935, 57, 2103; cf. Clark, ‘‘ The Determination of Hydrogen Ions,’’ Mac- 
Millan and Co., Oxford, 1928, 3rd Edn., p. 154; Beale and Liberman, J., 1950, 2287). 

If, in one of the buffer solutions, « is the degree of ionisation, and D the observed optical 
density at a given wave-length, then 

D = e,lca + ¢,/c(1 — «) a Gig a0 pein cae ae ee) 


where e, and e are respectively the molar extinction coefficients of the ion and of the base, c is 
the molar concentration, and / the cell-length incm. If cand / are kept constant, equation (1) 


may be written 
D = Dy«z + Dp(1 — «) re ee ae 


where D, and D, are the observed optical densities of ion and base at concentration c. In the 
present work D, was obtained by dividing the observed optical density of the ion solution by 
ten to allow for the concentration differences mentioned above. It follows from equation (2) 


that : 
eet (Et, SP Oe ae ee ee 


The mean value of « was calculated from determinations at a series of wave-lengths. The 
spread of the values served as a useful index of the purity of the base and of the success of the 
experiment. Thus in a typical good experiment the value of « was 0-597 with a standard devia- 
tion for 12 wave-lengths of 0-002. A further mean value of « was calculated similarly from the 
results for the second ion—base solution. The values of « thus obtained were substituted in 
equation (5) below, giving two values for pK,. These usually agreed to within 0-04 pK unit. 
The pH values of the buffer solutions were determined with a ‘‘ Doran ’’ pH meter and a 
calomel half-cell and glass electrode, with automatic temperature compensation. The standard 
buffer solution was 0-05m-potassium hydrogen phthalate [pH 4-01 + 0-01 at 25°; ‘“‘ pH Scale.” 
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British Standard (1950) 1647, Brit. Stand. Instn., London; ‘‘ Standardisation of pH Measure- 
ments made with the Glass Electrode,’’ Letter Circular LC993, Nat. Bur. Standards, Washington, 
D.C., 1950). 

No attempt was made rigidly to control the temperature of the solutions, but measurements 
were made in a room kept at 25° + 1°. The lamp housing of the spectrophotometer was 
water-cooled, the water flowing at such a rate that no heating or cooling of the cell-compartment 
occurred. Solutions were adjusted to 25° before measurement. 

Calculation of the pK, Value.—For the base B and its conjugate acid BH* it follows from the 
equilibrium BH*+ == B + H* that, in terms of activities, 


Ky oe ag e Qyt /@pyt = Cz ° Qy+ /Cayt oo . . . . . . (4) 


on the assumption that, at ionic strength I = 0-05, fg, the activity coefficient of the base, is 
unity. Putting the measured pH = — log ay+, we have from (4) : 


pK, = pH + logy, a/(1 — «) + 1ogio fen+ Riri ae 


The pK,’ values recorded in Table 1 were obtained by omitting the last term in equation (5). 
To evaluate the rational activity coefficient f,,+, the approximation was made that the effective 
diameter (a,’) of the hydrated ion was 6 A, as has been computed for the benzoate and similar 
ions (Kielland, J. Amer. Chem. Soc., 1937, 59, 1675). To a sufficient degree of accuracy, f, is 
then given by : 


logio faut = (—0-5V/1)/(1 + 2V7) 


which gives the value log 19 fgy+ = —9-08 when J = 0-05. 
Results.—These are given in Table 1. The limits quoted are not standard deviations, but 
represent the spread of results which were considered reliable, as calculated from the spread in 


TABLE 1. pK, values of aromatic bases in aqueous media at 25°. 
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* Unless otherwise indicated, pK,’ values were determined at ionic strength J = 0-05. t J = 0-01. 
i, Hall and Sprinkle, Joc. cit.; 2, Flexser, Hammett, and Dingwall, loc. cit.; 3, Landolt—Bérnstein, 
‘“ Tabellen’’; 4, Golumbic and Goldbach, loc. cit.; 5, Kieffer and Rumpf, Compt. rend., 1950, 280, 2302. 


a mentioned above. Concordance of results was satisfactory except for mesidine which appeared 
to be somewhat unstable. There is satisfactory agreement with Hall and Sprinkle’s measure- 
ments (ibid., 1932, 54, 3469) of the e.m.f. of concentration cells containing the half-neutralised 
base. Golumbic and Goldbach (ibid., 1951, 73, 3966) employed a partition method, no correction 
being made for activities, and our results for pK,’ are in fair agreement with theirs. 


DISCUSSION 

In the aniline molecule, the nitrogen atom possesses a lone-pair orbital which projects 
in a direction approximately perpendicular to the plane of the ring but slightly away from 
it since the bonds from the nitrogen atom are tetrahedrally disposed. However, the 
lone-pair electron cloud will be statistically symmetrical about a plane through the N-C 
bond perpendicular to the plane of the ring. The effect of substituents in the ring may be 
regarded as producing change in the electron density in the lone-pair orbital or in its 
immediate vicinity and in some cases distorting the symmetry of the orbital. The distor- 


[1954] Basic Strengths of Primary Aromatic Amines. 4497 


tion should be greatest in ortho-substituted anilines. The present concept envisages that 
any effect which shifts negative charge towards the nitrogen atom will enhance its proton- 
attracting power, and hence the strength of the base, by increasing the electron density in 
the lone-pair orbital : further, any effect which distorts the orbital will reduce the strength 
of the base, distortion being concomitant with partial neutralisation of the electronic 
charge around the nitrogen atom by the substituent. 

The following qualitative effects of substitution have to be considered as influencing 
the pK, values of primary aniline bases : (i) the mesomeric (M) and inductive (Ix) effects 
of the substituent relayed through the bonds of the ring and of the substituent; (ii) the 
bulk effect (Bs) of substituents causing hindrance to approach or recession of the protons; 
(ili) the combination effect (C) of more than one substituent; (iv) a direct spatial effect (E) 
due to interaction between the electron clouds of the amino-group and of the substituent ; 
and (v) steric hindrance to solvation (S) of the anilinium ion. 

Since only methyl groups are considered here, effects (i) are positive, and negative charge 
will flow towards the nitrogen atom. Thus these effects alone will be base-strengthening. 
The effect Bs is difficult to assess, for in the equilibrium between base and ion it is not clear 
whether hindrances to approach and recession of the protons differ in magnitude. The 
assumption is made that the two hindrances are approximately equal and that Bs is small. 
Effect C is considered later. The spatial effect E is of greatest importance when the alkyl 
group is ortho to the amino-group; it is then part of the well-known “ ortho-effect.”’ E is 
considered to be interrelated with the +-M and +p effects. Asa result of the latter, the 
hydrogen atoms of the methyl group in, for example, o-toluidine, are slightly positively 
charged, and it is suggested that electrostatic interaction may then occur between the 
partially unscreened nuclei of the methyl-hydrogen atoms and the lone-pair orbital, causing 
distortion and reduced electron density around the nitrogen atom. 

From Table 1, it is seen that the expected +-M and +I effects of methyl lead to an 
enhancement of basic strength for m- and f-toluidine. The greater basic strength of the 
latter emphasises the marked + M effect when the methyl group is in conjugation with the 
amino-group. For o-toluidine, which shows the “ ortho-effect,’’ the reduction in basic 
strength relative to aniline may be ascribed to effect E or S, or to both, when pK, values in 
aqueous media are considered. Values obtained in non-aqueous media (Bell and Bayles, 
J., 1952, 1518) indicate that o-toluidine is a somewhat stronger base than aniline, these 
authors ascribing the lowered basic strength in water to the results of hydrogen bonding 
between amine cation and solvent molecules. However, the same argument should be 
applicable to N-methyl-o-toluidine which, in both aqueous and non-aqueous media (Hall 
and Sprinkle, loc. cit.; Bell and Bayles, Joc. cit.), is a weaker base than N-methylaniline. 
This suggests strongly that there is no steric hindrance to maximum conjugation of the 
methylamino-group with the ring and that the N-methyl and the o-methyl group are 
oriented away from each other. There is a regular and consistent reduction in basic 
strengths in aqueous solution on introduction of an o-methyl group into aniline and its 
N-methyl and N-ethyl derivatives (Hall and Sprinkle, Joc. cit.), whereas the behaviour in 
non-aqueous solutions is irregular. These results indicate, therefore, that although an 
o-methyl group may be causing some hindrance to ion solvation the effect on the pK, 
values of ortho-substituted bases is not likely to be of major importance. This effect is 
considered further in the discussion on disubstituted bases which follows. 

In order to assess the changes (ApK,) in pK, caused by introduction into the ring of 
more than one methyl substituent, Table 2 was constructed as follows. From Table 1, 
the ApK, on introduction of o-methyl into aniline was shown to be : 

ApK, = pK, — pK, = 4-42 — 4-58 = —0-16 
Similarly, for a m-methyl group ApK, = ++0-15 and for a #-methyl group ApK, = +0-60. 
On the assumption for the moment that the effects are additive, pK, values are calculated 
and compared with the experimental values. For example the pK,(calc.) for 3 : 4-xylidine 
is given by : 
pK, (p-toluidine) + increment due to the 3-Me group = 5-08 + 0-15 = 5-23 
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The results thus obtained are summarized in Table 2, with the limits of error. 


TABLE 2. Comparison of calculated and experimental pK, values for xylidines and mesidine. 


Base Calc. pK, Obs. pK, dbp, (obs. — calc.) 
MEM sv ccrsssbeinkeiives 4-70 + 0-02 +0-13 + 0-04 
aj Ay ART 4-89 + 0-02 —0-03 + 0-04 
4-53 + 0-02 —0-04 + 0-04 
—0-31 + 0-045 
—0-06 + 0-04 
—0-07 + 0-065 
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The largest diversion from additivity occurs with 2 : 6-xylidine, where the pK, value is 
lowered by much more than twice the decrement caused by one o-methyl group. A model 
indicates lack of hindrance in this xylidine in keeping with the marked pK, reduction. It 
must be that, as a result of the symmetry of the electron cloud about the N-C axis each 
methyl group is able to interact more strongly with the lone-pair orbital because of the 
presence of the other. This indicates some kind of electrostatic interaction, the magnitude 
of which is in inverse proportion to some power function of the distance between the centres 
of gravity of the interacting charges. A similar effect is noted in mesidine, where the 
observed and the calculated values are not significantly different. The normal “ ortho ”’ 
decrement in pK, is found for both 2 : 4- and 2: 5-xylidine, the close agreement between 
calculated and experimental values indicating no appreciable interaction between methyl 
groups when these are meta or para to each other. When the methyl groups are ortho to 
each other as in 3: 4-xylidine, a slight departure from additivity is indicated. Since the 
base is somewhat weaker than expected, there must be some mutual restriction of electron 
flow from the methyl groups into the ring; small though this effect is in 3 : 4-xylidine its 
importance in 2 : 3-xylidine is clear, since this base is markedly stronger than expected. 

The marked difference in behaviour between 2: 5- and 2: 3-methyl derivatives of 
benzene compounds of the type PhR has been noted recently by van Helden, Verkade, and 
Wepster (Rec. Trav. chim., 1954, 73, 39) when R = NO, and by Dippy, Hughes, and Laxton 
(J., 1954, 1470) when R = CO,H. In both these cases a methyl or an alkyl group ortho to 
R causes hindrance to mesomerism with the ring, and introduction of a 3-methyl group 
has the apparent effect of increasing the size of the 2-substituent—a result interpretable in 
terms of a reduction in mesomeric interaction between R and the ring. As pointed out by 
van Helden e¢ al. (loc. cit.), in addition to repulsion between vicinal methyl groups, some 
hindrance to rotational freedom of the methyl groups may be a further complication. 

In the present case, where R = NHg, no steric interaction occurs with the 2-methy]l 
group, as is shown clearly by van Helden e¢ al. (loc. cit.), so that the situation is simplified 
to that extent. In 2: 3-xylidine, interaction between the methyl groups could have the 
following results : closer approach of the methyl to the amino-group would enhance the E 
effect and, concomitantly, the S effect, both factors causing reduction in basic strength. 
Since, however, the reverse occurs, the dominant factor must be the restraint of positive- 
charge flow from the methyl groups into the ring. Whether this is due to distortion of the 
Cye-Car bonds or to restrictive orientation of the methyl groups, or to both, it is not yet 
possible to decide. 

Finally, the explanation of the phenomenon given by Brown and Cahn (J. Amer. Chem. 
Soc., 1950, 72, 2939) must be considered. These authors propose that the reduction in 
pX, caused by an o-methy]l group is the result of steric strain, the larger steric requirements 
of the ion favouring dissociation to the free base. There is also the further concept of 
Evans, Watson, and Williams (/J., 1939, 1348) in which the ortho-effect is regarded as a 
transition-state phenomenon. In view of these hypotheses it is important to consider 
whether the ortho-effect is present in the molecule in its normal ground state, 7.e., when not 
undergoing reaction with an electrophilic reagent. Evidence from dipole moments should 
indicate the presence or absence of the effects under such conditions. Ingham and Hampson 
(J., 1939, 981) found that the moments of aminodurene and mesidine are about 0-13 p 
lower than that of aniline (1-53 D). Since, contrary to Ingham and Hampson’s explanation, 
steric hindrance is considered to be absent in these compounds, the result is ascribed, as 
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already suggested in somewhat similar terms by Watson (Ann. Reports, 1939, 36, 219), to 
electrostatic interaction which restricts charge flow from the nitrogen atom into the benzene 
ring. In order to test the possibility of steric strain in the o-toluidinium ion, a model was 
constructed in which the -NH,* group was represented, for want of an appropriate N 
atom, by a methyl group. The latter has a van der Waals radius of 2-0 A, which is larger 
than that of the crystal radius of NH,* (1-48 A: Pauling, ‘‘ Nature of the Chemical Bond,”’ 
Cornell Univ. Press, 1954, pp. 189, 350). It seems unlikely, therefore, that the —NH,* 
group will have a radius larger than that of methyl. By using this group in the model, it 
is possible to orient the methyl groups so as to avoid steric strain, although independent 
rotational freedom of the groups is restricted. This may, of course, be tantamount to the 
existence of a repulsion between groups, for which, as already seen, there is some evidence ; 
but, particularly with the smaller -NH,* group, it is unlikely that the overall strain in 
the ion will be large. If such strain be appreciable, it is difficult to account for the enhanced 
basic strength of 2: 3-xylidine, since introduction of a 3-methyl group into o-toluidine 
would not be expected to reduce strain in the ion; rather it would tend to increase it. 

Given that the present interpretations are valid, then, in the absence of steric hindrance 
in these compounds, the spatial E effect of o-methyl appears to play an important part in 
the “ ortho’’-phenomenon. If, on the other hand, hindrance to the ionising group occurs, 
as is now considered to be the case with the ortho-substituted benzoic acids (Dippy, Hughes, 
and Laxton, Joc. cit.), this appears to be the dominant effect. The difference in behaviour 
between the benzoic acids and the anilines is clearly shown in the case of the 2: 5- and 
2 : 4-dimethyl derivatives. Whereas the ApK, values for the 2 : 5-derivatives are additive 
(when calculated as above), the behaviour of the 2 : 4-derivatives is different. While the 
ApK, for 2 : 4-xylidine is as expected, 2 : 4-dimethylbenzoic acid is weaker than calculated 
as above. Dippy et al. (loc. cit.) consider this to be due to an increase in double-bond 
character of the linkage between carboxy] and ring on substitution of a 4-methyl group 
into o-toluic acid (CO,H at 1). This must mean that the angle of rotation of the carboxyl 
group about its linkage with the ring is less than in o0-toluic acid. 
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Oxidations with Phenyl Iodosoacetate. Part IV.* The Oxidation 
of Substituted o-Nitroanilines. 


By K. H. PAusACKER and J. G. SCROGGIE. 
[Reprint Order No. 5467.] 


Some substituted o-nitroanilines have been oxidised with phenyl iodoso- 
acetate in benzene, and the nature of the products has been determined. The 
mechanism of the reaction is discussed. 


o-NITROANILINE, 4-methyl- and 4-chloro-2-nitroaniline, and 2: 4-dinitroaniline are 
converted into the corresponding benzofurazan oxides, in excellent yield, by phenyl iodoso- 
acetate in benzene (cf. Part II, J., 1953, 1989). 

We have now found that 5-methyl-, 5-chloro-, and 5-methoxy-2-nitroaniline are similarly 
oxidised in yields of 90—93%. The products are identical with those obtained by the 
oxidation of either the 4- or 5-substituted 2-nitroanilines with alkaline sodium hypo- 


* Part III, J., 1954, 3122. 
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chlorite by Green and Rowe’s method (J., 1912, 101, 2452). When 1-nitro-2-naphthyl- 
amine was oxidised, both 1 : 1’-dinitro-2 : 2’-azonaphthalene (3%) and naphthofurazan 
oxide (86°) were obtained. Similarly, the oxidation of 2-nitro-l-naphthylamine yielded 
2 : 2’-dinitro-1 : 1’-azonaphthalene (3°) and the same naphthofurazan oxide, but in only 
7% yield. From the oxidation of 4-methoxy-2-nitroaniline, the only isolable product was, 
surprisingly, 4 : 4’-dimethoxy-2 : 2’-dinitroazobenzene in 5% yield. The corresponding 
benzofurazan oxide was, however, obtained in quantitative yield when 4-methoxy-2-nitro- 
aniline was oxidised with alkaline sodium hypochlorite. 

We therefore suggest the following mechanism for the formation of benzofurazan oxides 
from o-nitroanilines : 
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Stage (1) is comparable with that proposed by Green and Rowe (loc. cit.) as the first 
stage in the oxidation by sodium hypochlorite. The position of the equilibrium of this 
ketamine-enamine tautomerism would be affected by substituents. Those substituents 
which either withdraw electrons from the amino-group or increase the electron density on 
the nitro-group would favour the formation of the aci-nitro-compound which, it is 
suggested, is then oxidised to the benzofurazan oxide. If aci-nitro-compound formation 
is not favoured, ‘‘ normal ’’ oxidation to the azo-compound will presumably take place 
according to the mechanism proposed in Part II. 

On this basis, the marked difference in behaviour between 4- and 5-methoxy-2-nitro- 
anilines can now be interpreted. In 5-methoxy-2-nitroaniline, the methoxyl group should 
decrease the electron density on the amino-group and increase the electron density on the 
nitro-group, thus favouring aci-nitro-compound formation. In 4-methoxy-2-nitroaniline, 
the methoxyl group should increase the electron density on the amino-group and decrease 
the electron density on the nitro-group. Furazan oxide could not then be obtained, and 
only a low yield of the corresponding azo-compound is isolated. 

The intermediate act-nitro-compound would be expected to show marked hydrogen 
bonding in the forms (I), (II), or (III). Pauling (‘‘ Nature of the Chemical Bond,” Oxford 
Univ. Press, 1950, p. 307) has noted that, in general, the greater the electronegativity of an 
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atom, the greater its power to form hydrogen bonds. The relative order of stability 
should therefore be (III) > (II) > (I). The hydrogen attached to oxygen is thus less 
strongly bonded than the hydrogen attached to nitrogen. It has been shown in the 
reaction of glycols with lead tetra-acetate (Cordner and Pausacker, J., 1953, 102) and of 
nitrophenols with phenyl iodosoacetate (Part I; J., 1953, 107) that hydrogen atoms 
involved in hydrogen bonding are not readily attacked by these reagents. This is now 
further confirmed as it has been found that o-nitroacetanilide and N-methyl-o-nitroaniline 
do not react with phenyl iodosoacetate. Thus stage (2), which is the esterification step 
already proposed in Part I for the oxidation of glycols by the same reagent, should take 
place at the O-H and not the N—-H bond. 
Stage (3) cannot involve a simple homolytic fission of the type discussed in Part I: 


O + PhI(OAc): 
(IV) 
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for (IV) is merely one contributing form of a resonance hybrid, another of whose forms 
would be (V). As this is the type of intermediate postulated in Part I as a precursor in 
the formation of azo-compounds, the results described above could not be explained 
satisfactorily. Stage (3) probably takes place in an intramolecular fashion : 
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1-Nitro-2-naphthylamine and 2-nitro-l-naphthylamine are the only compounds which 
give a mixture of the azo-compound and the furazan oxide. The yield of azo-compound 
from each is very low (ca. 3%), but the furazan oxide is formed in excellent yield (86%) 
from 1-nitro-2-naphthylamine and in low yield (7%) from 2-nitro-l-naphthylamine. Here 
it may be possible that homolytic fission of the “ ester’ initially formed may take place 
(cf. Part I) to form the radicals (VIa and VIO; VIla and VII) : 
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The furazan oxide could still be formed from the intermediates as described above 
for possibly from (VIa) and (VIIa)], whereas azo-compounds would result from dimeris- 
ation and further oxidation of (VId) and (VIId) (cf. Part II). The greater stability of 
(VId) compared with (VIId), explains the lower yield of naphthofurazan oxide obtained 
from 2-nitro-l-naphthylamine. Admittedly, the yield of azo-compound from this latter 
substance is not very high, but it has been found (Part II) that «-naphthylamine is 
oxidised to 1 : 1’-azonaphthalene in a yield of only 3%. 

When acetic acid was used as solvent, in place of benzene, o-nitroaniline, 4-chloro-2- 
nitroaniline, and 1-nitro-2-naphthylamine were oxidised to the corresponding azo- 
compounds without the formation of furazan oxide (Part III). This is in accord with 
Green and Rowe’s results (J., 1912, 101, 2449, 2455) that oxidation of o-nitroaniline with 
alkaline sodium hypochlorite gives benzofurazan oxide, but the neutral reagent gives only 
2 : 2’-dinitroazobenzene. The aci-nitro-form of the o-nitroamines may be suppressed in 
acetic acid because of interference with the internal hydrogen bonding. 


EXPERIMENTAL 


Melting points are corrected unless stated otherwise. Analyses are by Dr. W. Zimmermann. 

All oxidations with phenyl iodosoacetate in benzene were performed as described in Part IT. 
The results of oxidations yielding only a benzofurazan oxide are shown below; the products 
crystallised from ethanol or light petroleum (b. p. 40—69°) as pale yellow prisms. 


Subst. in 2-nitroaniline 5-Me 5-Cl 5-OMe 
PhI(OAc), uptake, mol. 1-08 1-04 1-04 
M. p. Of Denzofurazan OXIdE  ........cccccreseeccescceseesces 96° 48° 115° * 
| i se : ide ae 92 90 


* Found: C, 50-9; H, 3-7. Calc. for C;,H,O,N,: C, 50-6; H, 3-6%. 


Oxidation of 4-Methoxy-2-nitroaniline.—The oxidation of 4-methoxy-2-nitroaniline (2-79 g.) 
yielded, in addition to a brown, benzene-insoluble substance which could not be crystallised, 
4: 4’-dimethoxy-2 : 2’-dinitroazobenzene (0-126 g.), which crystallised from benzene as orange- 
red rods, m. p. 267° (lit., m. p. 259°) (Found ; C, 50-7; H, 3-7; N, 17-1, Calc. for C,4H,,0,N, : 
C, 50-6; H, 3-6; N, 16-9%), 
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Oxidation of 1-Nitro-2-naphthylamine.—The oxidation of 1-nitro-2-naphthylamine (1-495 g.) 
yielded (a) 1: 1’-dinitro-2 : 2’-azonaphthalene (0-040 g.), which crystallised from benzene as 
orange-red rods, m. p. 305—306° (uncorr.) (Found: C, 64-7; H, 3-3. CyoH,,0,Ny requires 
C, 64-5; H, 325%), and (6) naphthofurazan oxide (1-270 g.), needles (from ethanol), m. p. and 
mixed m. p. 126°. 

Oxidation of 2-Nitro-1-naphthylamine.—The oxidation of 2-nitro-l1-naphthylamine (1-203 g.) 
yielded, in addition to a brown benzene-insoluble substance, (a) 2: 2’-dinitro-1 : 1’-azonaphthalene 
(0-039 g.), which crystallised from benzene as orange-red rods, m. p. 219° (Found: C, 64-9; H, 
3-2. Cs)H,,0,N, requires C, 64:5; H, 3-25%), and (b) naphthofurazan oxide, m. p. 126°, 
identical with the product obtained from 1-nitro-2-naphthylamine. 
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Oxidations with Phenyl Iodosoacetate. Part V.* The Oxidation 
of p-Anisidine and p-Phenetidine. 
By Joan MITCHELL and K. H. PAUSACKER. 
[Reprint Order No. 5499.] 


The oxidations named in the title yield the 4 : 4’-dialkoxyazobenzene (in 
one case), the NWN’-di-(4-alkoxyphenyl)-p-phenylenediamine, the benzo- 
quinone di-p-alkoxyphenylimine, the tetra-p-alkoxyazophenine, and a com- 
pound which is believed to be an azo-substituted diphenylamine. The 
course of the reaction is discussed. 


p-ANISIDINE has been oxidised by a number of reagents with the formation of different 
products: with bromine water, -benzoquinone is obtained (Wieland, Ber., 1910, 
43, 714); and with peroxymonosulphuric acid (Baeyer and Knorr, Ber., 1902, 35, 
3034) a mixture of p-nitrosoanisole and p-nitroanisole. Hydrogen peroxide, in the presence 
of peroxidase, gives 4 : 4’-dimethoxyazobenzene, 2-amino-5-p-anisidinobenzoquinone di-p- 
methoxyphenylimine, and tetra-p-methoxyazophenine (Daniels and Saunders, /., 1951, 
2112). When hydrogen peroxide is used in an acid medium, “ f-anisidine brown ”’ 
(C,,H,g,0;N.) is formed (Pavolini, Gambarin, and Mazini, Chem. Abs., 1952, 46, 4550). 
A possible structure is proposed for this compound. Mehta and Vakilwala (J. Amer. 
Chem. Soc., 1952, 74, 563) found that the use of sodium perborate gives 4 : 4’-azoxyanisole. 
Malaviya and Dutt (Chem. Abs., 1936, 30, 1066) claim that 3 : 7-dimethoxyphenazine is 
formed on storage in strong sunlight in acid solution. 

The oxidation of p-phenetidine has not been examined in such detail, but Kinzel 
(Arch. Pharm., 1891, 229, 330) has found that hydrogen peroxide in acid medium gives 
4: 4’-diethoxyazobenzene, -benzoquinone, a compound, m. p. 178°, and a compound 
Cy4Hg0;N, (cf. Pavolini, Gambarin, and Mazini, Joc. cit.). Neu (Ber., 1939, 72, 1507) 
stated that phenyl iodosoacetate in acetic acid gave 3 : 7-diethoxyphenazine as the sole 
isolatable product: it is shown below that this is not correct. Malaviya and Dutt 


p-RO-C,H,-NH, 


ae ™ 
p-RO-C,HyN Hg SN H-C,H,yOR-p p-RO-CHyN-€_>=N-CHeOR-p 


(I) (11)  NNH-C,HyOR-p 


p-RO-C,HyN=S=N-C,HyOR-p 
ate (a, R = Me; b, R = Et) 
( ) 
(loc. cit.) also claim that 3 : 7-diethoxyphenazine is formed on storage in strong sunlight in 
acid solution. 
* Part IV, preceding paper. 
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When #-anisidine and #-phenetidine were treated with phenyl iodosoacetate in benzene, 
subsequent chromatography yielded the following crystalline products: the 4: 4’-di- 
alkoxybenzenes (5% and 6% respectively); the tetra-p-alkoxyazophenines (IIa and 5) 
(1%); the p-benzoquinone di-p-alkoxyphenylimines (IIIa and 6) (16% and 12% respec- 
tively); substances (A and B), C,,H,,N3(OAc),(OR), (R = Me or Et) (11% and 5% 
respectively); and, from #-phenetidine, NN’-di-p-ethoxyphenylphenylenediamine (Id) 
(5%). 

The structure of the diamine (Id) followed from its analysis and from its identity with 
the product prepared by heating quinol, /-phenetidine, calcium chloride, and zinc chloride 
(cf. Calm, Ber., 1883, 16, 2805). [The dimethoxy-analogue (Ia) was similarly prepared. } 

The structures of the imines (IIIa and }), suspected because these products contained 
two fewer hydrogen atoms than the diamines (Ia and 6), were proved when the former 
pair were obtained from the latter by oxidation with chromic acid in aqueous acetic acid 
(cf. Piccard, Ber., 1913, 46, 1853). The diamines (Ia and 6) were also immediately 
oxidised to the di-imines (IIIa and }) by phenyl iodosoacetate in benzene; so the diamines 
are not precursors of the di-imines, but rather they are produced by reduction of the 
di-imines by some other substance present in the reaction mixture after all the phenyl 
iodosoacetate has been consumed. 

Identity of the compounds, shown to be tetra-p-alkoxyazophenines (IIa and 6), was 
proved by their comparison with the products obtained by heating the #p’-dialkoxy- 
diazoaminobenzenes with the appropriate p-alkoxyaniline (cf. Daniels and Saunders, 
loc. cit.). 

Compounds (A and B) are the first acetoxylated products isolated on oxidation of 
primary aromatic amines with phenyl iodosoacetate, although Barlin and Riggs (/., 
1954, 3125) noted that certain acetylated primary aromatic amines are acetoxylated with 
phenyl iodosoacetate in acetic acid. It appears that compounds (A and B) are produced 
by condensation of three molecules of the amine with the loss of one molecule of alkanol 
and two molecules of hydrogen, and replacement of two hydrogen atoms by acetoxyl 
groups. Inthe presence of Adams’s catalyst, compound (B) absorbed one mol. of hydrogen, 
forming a colourless solution, which regenerated the deep-red compound (IV) in air. 
These two compounds are probably the azo-substituted diphenylamine (IVa and b). These 

ROC _DNNX_-NHX OR (IV; a, R = Me; }, R = Et) 
AcO OAc 
structures (suggested to us by a Referee) are in accord with the hydrogenation and 
subsequent re-oxidation of compound (B); the acetoxyl groups are assumed to be ortho 
to the alkoxyl groups in view of Barlin and Riggs’s work (loc. cit.). 


(X = p-RO-C,HyNH*) 


H, 
2X: —s 3 X-X — > _ ?-RO-C,HyN:N-C,HyeOR-p 


| ~ox 


X-C,HyNH: 


| 


+ 
RO-C,HyN:C,HgNH — > (III) (1) 


| +2XH — 2H, A 


The sparingly soluble, supposed 3 : 7-diethoxyphenazine which Neu (loc. cit.) obtained 
from -phenetidine and phenyl iodosoacetate in acetic acid—he gives neither a 
melting point nor solvent of crystallisation—is probably “‘ p-phenetidine black ” 
(cf. ‘‘ aniline black;’’ Cain and Thorpe, ‘‘ The Synthetic Dyestuffs and Intermediate 
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Products,’’ Griffin, London, 1946, p. 301), which would give the same analytical figures. 
When Neu’s work was repeated the same sparingly soluble product was obtained, but 
extraction of this with benzene and chromatography on alumina afforded the true 
4: 4’-diethoxyazobenzene in 6% yield and, in amount too small for analysis, a product 
that gave the colour tests for compound (IVb); these tests agree with those reported by 
Neu for his “ 3: 7-diethoxyphenazine’’’ but they are not given by the residue which 
remains after the benzene extraction. Earlier (Part III, /., 1954, 3122) it was reported 
that 4 : 4’-dimethoxyazobenzene (4% yield) is the only product isolated from the similar 
oxidation of p-anisidine. 

The dual function of phenyl iodosoacetate as an oxidising and acetoxylating agent, and 
the importance of the solvent, are again noted (cf. Parts III and IV, occ. cit.). 

With the exception of the 4 : 4’-dialkoxyazobenzenes, the above products result from 
the condensation of a number of molecules of p-alkoxyaniline with the elimination of one, 
or more, molecules of alkanol, ammonia, and hydrogen : elimination of methanol has been 
observed by Daniels and Saunders (loc. cit.), and replacement of methoxyl groups by free 
aryl radicals by Pauson and Smith (J. Org. Chem., 1953, 18, 1403). 

On the assumption that #-RO-C,H,NH-: radicals are first produced (jJ., 1953, 1989; 
cf. Daniels and Saunders, loc. cit., and Goldschmidt, Ber., 1920, 58, 35) as intermediates in 
the oxidation of primary aromatic amines, the annexed reaction mechanism is suggested. 
The formation of compounds (I) by reduction of compounds (III) (see above) is 
substantiated by the isolation of compounds (Ib) and (IVb) in practically equivalent 
amounts. Attempts to isolate compound (Ia) have been unsuccessful. 


EXPERIMENTAL 


Oxidation of p-Anisidine.—Freshly distilled p-anisidine (12-7 g.) was added to a solution of 
phenyl iodosoacetate (50 g.) in dry thiophen-free benzene (1200 ml.). After 28 hr., the filtered 
solution was chromatographed on alumina, giving (a) yellow, (b) mustard, (c) bright-red, and 
(d) dull-red bands. Each band was eluted with benzene; the materials recovered were heated 
at 80°/0-2 mm. to remove iodobenzene. 

Band (a) gave 4: 4’-dimethoxyazobenzene (0-60 g.) which, crystallised from methanol, had 
m. p. 164° (Found: N, 11-6. Calc. for C,gH,,O,N,: N, 12-0%). It gave a red colour with 
concentrated sulphuric acid. 

The solution of band (b) deposited tetra-p-methoxyazophenine (0-08 g.), which crystallised 
from toluene as bright-red needles, m. p. 234° (Found: C, 73-1; H, 5-5; N, 10-3. Calc. for 
C3,H3,0,N,: C, 72-9; H, 5-7; N, 100%). It gave a royal-blue colour, changing to purple on 
dilution with water, with concentrated sulphuric acid. Its mixed m. p. with tetra-p-methoxy- 
azophenine was 234°. 

Band (c) gave a solid (1-98 g.) which crystallised from benzene-—light petroleum (b. p. 40— 
60°) as red needles, m. p. 199° (Found: C, 75:5; H, 5-6; N, 8-6; OMe, 19-1. Calc. for 
CopH,,0,.N,: C, 75:5; H, 5-7; N, 8-8; 20Me, 19-5%). It gave a Prussian-blue colour, 
unchanged on dilution with water, with concentrated sulphuric acid. Its mixed m. p. with 
benzoquinone di-p-methoxyphenylimine (see below) was 199°. 

3and (d) gave (?) 3-acetoxy-4’-(3-acetoxy-4-methoxyanilino)-4-methoxyazobenzene (1-37 g.) 
which crystallised from benzene—light petroleum (b. p. 40—60°) as dark-mauve needles, m. p. 
175—176° [Found: C, 64-6; H, 5-4; N, 9-2; OMe, 14-4; Ac, 15-6; M (by isothermal distil- 
lation in benzene), 500. C,,H,,0,N, requires C, 64-1; H, 5-1; N, 9-4; 20Me, 13-8; 2Ac, 
19-2%; M, 449]. It gave a blue colour, changing to red on dilution with water, with con- 
centrated sulphuric acid. No identifiable products were obtained on reductive acetylation or 
oxidation with alkaline potassium permanganate. It could not be acetylated with acetic 
anhydride and did not form a methiodide when refluxed with methyl iodide. 

Benzoquinone Di-p-methoxyphenylimine.—Quinol (5-0 g.), freshly distilled p-anisidine 
24-6 g.), calcium chloride (19-5 g.), and zinc chloride (3-4 g.) were heated at 190—195° for 
13 hr. in a sealed tube. The resultant solid was extracted alternately with boiling benzene and 
water. Chromatography (alumina) of the benzene layer gave, in the first band NN’-di-(4- 
methoxyphenyl)-p-phenylenediamine (1-6 g.) which crystallised from cyclohexane as off-white 
plates, m. p. 199-5° (Found: C, 75-0; H, 6-4; N, 88. CygH, ON, requires C, 75-0; H, 6:3; 
N, 8-8%). Oxidation with chromic acid in aqueous acetic acid or phenyl iodosoacetate in 
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benzene gave benzoquinone di-p-methoxyphenylimine which crystallised from benzene—light 
petroleum (b. p. 40—60°) as red needles, m. p. 196°. 

Oxidation of p-Phenetidine.—p-Phenetidine was oxidised in the same manner as p-anisidine. 
Chromatography of the product gave the following principal bands: (a) yellow, (b) orange, 
(c) bright-red, (d) dull-red. 

Band (a) gave 4: 4’-diethoxyazobenzene (0-84 g.) which, crystallised from cyclohexane, had 
m. p. 160° (Found: C, 71-4; H, 7:0; N, 10-4. Calc. for C,,H,;,0,N,: C, 71-1; H, 6-7; N, 
10-4%). It gave a red colour, unchanged on dilution with water, with concentrated sulphuric 
acid. 

Band (b) deposited a solid (0-14 g.) which crystallised from toluene as bright-red needles, 
m. p. 260° (Found: C, 74-3; H, 6-7; N, 8-9; OEt, 28-6. C,,H,O,N, requires C, 74-0; H, 
6:5; N, 9-1; 4OEt, 29-2%). With concentrated sulphuric acid, it gave a violet colour rapidly 
changing to ultramarine-blue, which remained on dilution with water. Its mixed m. p. with 
tetra-p-ethoxyazophenine (IIb) (prepared by the method described above for tetra-p-methoxy- 
azophenine) was 258°. The filtrate after removal of (IIb) afforded a solid (0-74 g.) which 
crystallised from cyclohexane as light-tan plates, m. p. 160° (Found: C, 75-7; H, 6-8; N, 8-1; 
OEt, 25-5. C,ygH,,O,N, requires C, 75-9; H, 6-9; N, 8-05; 2OEt, 25-8%). It gave a very pale 
blue colour with concentrated sulphuric acid. Its mixed m. p. with NN’-di-(4-ethoxyphenyl)-p- 
phenylenediamine (prepared as described for the methoxy-analogue) was 160°. When the 
latter preparation was done in an open tube, tetra-p-ethoxyazophenine (m. p. and mixed m. p. 
258°) was the only product isolated. 

Band (c) gave a solid (1-65 g.) which crystallised from cyclohexane as deep-red plates, m. p. 
177° (Found: C, 76-5; H, 6-5; N, 8-4; OEt, 26-4. C,,H,.O,N, requires C, 76-3; H, 6-3; N, 
8-4; 20Et, 260%). It gave an intense Prussian-blue colour, unchanged on dilution with 
water, with concentrated sulphuric acid. Its mixed m. p. with benzoquinone di-p-ethoxyphenyl- 
imine (prepared as described above for the di-p-methoxyphenylimine) was 178°. 

Band (d) gave (?)3-acetoxy-4’-(3-acetoxy-4-ethoxyanilino)-4-ethoxyazobenzene (0-76 g.), which 
crystallised from cyclohexane as red-brown needles, m. p. 169° (Found: C, 65-6; H, 5-9; N, 
8-9; OEt, 18-6; Ac, 15-5. C,,H,,0,N, requires C, 65-4; H, 5-7; N, 8-8; 2OEt, 18-9; 2Ac, 
18-0%). It gave an ultramarine-blue colour, changing to red on dilution with water, with 
concentrated sulphuric acid. No identifiable products were obtained from reductive acetyl- 
ation. It could not be acetylated with acetic anhydride and did not form an ethiodide. 
When it (0-084 g.) was hydrogenated in ethanol in the presence of Adams'’s catalyst, hydrogen 
(4-2 ml., 0-93 mol.) was absorbed and a colourless solution resulted, which in air became 
deep-red, and the original compound (m. p. and mixed m. p. 169°) was obtained on evaporation. 

Oxidation of p-Phenetidine in Acetic Acid.—Freshly distilled p-phenetidine (6-5 g.) was added 
to phenyl iodosoacetate (16-1 g.) in acetic acid (450 ml.). After 5 hr., the acid was removed 
under reduced pressure (20 mm.) and the residue extracted with boiling benzene (4 x 200 ml.). 
The residue (2-9 g.) gave a blue-grey colour in concentrated sulphuric acid. Chromatography 
of the benzene extract on alumina gave 4: 4’-diethoxyazobenzene (0-37 g.; m. p. 160°) in the 
first (yellow) band. A later (dull-red) band furnished a material which in concentrated 
sulphuric acid gave an ultramarine-blue colour, changing to red on dilution with water. 
Although it could not be obtained pure, it is probably identical with compound (IV8). 

Microanalyses are by Dr. W. Zimmermann. 


Inrvurec = “Dp > 299) 9 an 
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The Direct Hydroxylation of Pyranthrone and amphi-isoPyranthrone. 


By ALAN J. BACKHOUSE and WILLIAM BRADLEY. 
[Reprint Order No. 5610.] 


Pyranthrone and amphi-isopyranthrone yield the same dihydroxy-deriv- 
ative (3: 11-dihydro-8 : 16-dihydroxy-3 : 1l-dioxopyranthrene) on _ being 
heated with potassium hydroxide. 


amphi-isoPYRANTHRONE (I) (Scholl and Tanzer, Annalen, 1923, 433, 163) was readily 
hydroxylated on being heated with potassium hydroxide, potassium acetate, and 
manganese dioxide at 240°. The product afforded a dimethyl derivative on methylation, 
oxidised by chromium trioxide in acetic acid to 1 : 1’-dianthraquinonyl-2 : 2’-dicarboxylic 
acid. The absence of methoxyl groups from the oxidation product indicates that the 
product of hydroxylation is 3 : 11-dihydro-8 : 16-dihydroxy-3 : 11-dioxopyranthrene (II), 
or the isomer (III), or a resonance hybrid of these. The same dihydroxy-derivative was 
obtained by the direct hydroxylation of pyranthrone (IV) under similar conditions, 
although the yield was smaller than with amphi-isopyranthrone. The identity of the 
products confirms the orientation of the entering hydroxyl groups in the two cases and the 
occurrence of resonance in the anions of the products (II, III). Further, the formation of 
a dihydroxy-derivative from a diketone in each of the two cases is in agreement with the 
substitution rule referred to by Bradley and Sutcliffe (J., 1951, 2118). 


QH 


amphi-isoPyranthrone is more easily hydroxylated than is anthanthrone (Bradley and 
Waller, ]., 1953, 3778), to which it is related as is anthracene to naphthalene. A similar 
relationship in reactivity was observed between 5 : 6-benzomesobenzanthrone (anthracene 
structure, more reactive) and mesobenzanthrone (naphthalene structure, less reactive) 
(Bradley and Sutcliffe, loc. cit.). Like 5 : 6-benzomesobenzanthrone amp/i-isopyranthrone 
can be hydroxylated even with alcoholic potassium hydroxide at 110°, although the yield 
of dihydroxy-derivative is reduced under these conditions, in agreement with earlier 
experience (Bradley, J., 1937, 1091). 


EXPERIMENTAL 


Hydroxylation of amphi-isoPyranthrone.—amphi-isoPyranthrone (Scholl and Tanzer, loc. cit.) 
crystallised from trichlorobenzene in blue-grey needles which did not melt below 400° and 
exhibited the colour in concentrated sulphuric acid and alkaline sodium dithionite recorded by 
these authors. (a) amphi-isoPyranthrone (3 g.) was ground with manganese dioxide (3 g.) and 
then added during 15 min. to potassium hydroxide (30 g.) and potassium acetate (3 g.) at 220°. 
The temperature of the melt was raised to 240° and maintained for 1 hr., during which the melt 
became viscous. Cooling and addition to water (500 c.c.) gave a bright royal-blue filtrate and a 
solid (0-57 g.), from which unchanged material was recovered by extraction with hot trichloro- 
benzene. Acidification of the blue solution gave dark, red-brown flocks. These were collected, 
washed, dried, ground under water, and again collected (2-45 g.). They were redissolved in 
dilute potassium hydroxide and chromatographed on a column of cellulose powder. A pale 
brown constituent was rejected and the main blue band was eluted with water. Acidification 
gave a red-brown solid which did not melt below 400°. It dissolved sparingly in pyridine, and 
the resulting yellow-brown solution became violet on the addition of morpholine, and greenish- 
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blue with methanolic potassium hydroxide. It was sparingly soluble in hot acetic anhydride ; 
there was no change in colour on the addition of boroacetic anhydride. It dissolved in aqueous 
sodium carbonate and in concentrated sulphuric acid forming blue solutions. (6) A similar 
product was obtained by heating amphi-isopyranthrone (2 g.) with potassium hydroxide (20 g.) 
and potassium acetate (2 g.). After 1 hr. at 240° the yield was 0-6 g.; 1-0 g. of unchanged 
amphi-isopyranthrone was recovered. (c) amphi-isoPyranthrone (2 g.) was stirred and heated 
for 1 hr. at 110° with a paste prepared from potassium hydroxide (10 g.) and ethanol (20 c.c.), 
and then added to water (500 c.c.)._ Air was bubbled through the resulting suspension for 12 hr., 
the solids were filtered off, and the pale blue solution was acidified. The precipitated hydroxy- 
compound (0-05 g.) was identical with that described in (a). 

3: 11-Dihydro-8 : 16-dimethoxy-3 : 11-dioxopyranthrene (Dimethoxyamphi-isopyranthrone) (I1; 
OMe for OH).—The hydroxy-compound (0-5 g.) prepared as in (a) was finely ground, suspended 
in trichlorobenzene (50 c.c.), and refluxed 12 hr. with methyl toluene-p-sulphonate (1 g.) and 
anhydrous potassium carbonate (1 g.). The suspension was filtered hot, the residue was washed 
with the hot solvent, and the combined filtrates were concentrated. Fine, red-brown needles 
separated which were insoluble in aqueous sodium hydroxide or carbonate and did not melt 
below 400° [Found: OMe, 12-5. Cj 9H,,0,(OMe), requires OMe, 13-7%]. The dimethoxy- 
derivative gave a blue solution in concentrated sulphuric acid, and a pale yellow solution in 
pyridine which became violet on the addition of aqueous alkaline sodium dithionite; on aeration 
a red-brown precipitate formed. 

Oxidation. Dimethoxyamphi-isopyranthrone (0-2 g.) was refluxed for 0-5 hr. with chromium 
trioxide (0-2 g.) in glacial acetic acid (10 c.c.). Chromium trioxide (0-2 g.) and glacial acetic 
acid (2 c.c.) were added and the refluxing continued for 0-5 hr. The resulting solution was 
filtered, the filtrate was added to water (100 c.c.), and the yellow precipitate was collected. It 
was extracted with dilute sodium hydroxide, and the solution was treated with charcoal, filtered, 
and acidified. A precipitate was formed. This was collected, washed, dried, and recrystallised 
from alcohol. Yellow needles (0-1 g.), m. p. 352—355°, not depressed on admixture with 
authentic 1 : 1’-dianthraquinonyl-2 : 2’-dicarboxylic acid were obtained. The two samples of 
the acid were also identical in their light absorption in EtOH, max. at 271 (10° « 59, 62), 391 
(10% ¢ 13); Amin, at 335 my (10 ¢ 6). 

Hydroxylation of Pyranthrone.—This was carried out with potassium hydroxide, potassium 
acetate, and manganese dioxide as for amphi-isopyranthrone (a) except that the quantities used 
were five times larger. The cooled melt was added to water (1 1.), and the suspension was 
filtered from the dark brown alkaline solution, then added to water and boiled. A deep royal- 
blue solution resulted, and this gave 0-55 g. of a precipitate on acidification. Methylation of 
0-5 g. with methyl toluene-p-sulphonate (1 g.) and potassium carbonate (1 g.) in 1: 2: 4-tri- 
chlorobenzene (100 c.c.) gave after 12 hr. fine, red-brown needles (0-2 g.) identical in reactions 
and in light absorption in concentrated sulphuric acid with the dimethoxyamphi-isopyranthrone; 
max. at 227 (10-3 ¢ 53, 50), 282 (10-3 ¢ 55, 52), 531 (10-% « 24, 23), 630 (10-8 ¢ 38-5, 37); Amin, at 
255 (10-* c 32, 31) and 560 my (10% ¢ 15, 14)]; values for the dimethoxy-derivative from amphi- 
isopyranthrone are given first. 


We thank Imperial Chemical Industries Limited, Dyestuffs Division, for a maintenance 
grant to one of us (A. J. B.), and gifts of intermediates. 
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Triazoles. Part V.* Derivatives of 3-Amino-1 : 2: 4-triazole. 
By M. R. Atkinson, A. A. Komzak, E. A. Parkes, and J. B. Porya. 
[Reprint Order No. 5617.] 


Three 3-amino-5-R-1 : 2: 4-triazoles are prepared from aminoguanidine 
and the appropriate organic acid. 1-Benzylideneamino-1-methylguanidine 
hydriodide is benzoylated but not cyclised by benzoyl chloride; 1-amino-1- 
methylguanidine is both benzoylated and cyclised. 3-Amino-5-methy]l- 
1 : 2: 4-triazole is monoacetylated by diacetimide, but 3-hydrazino-1 : 2: 4- 
triazole gives 3: 5-dimethyl-1-(1 : 2 : 4-triazol-3-yl)-1 : 2: 4-triazole. The 
ultra-violet absorption spectra of some triazoles are recorded. 


REACTION of aminoguanidine with organic acids has been used to yield 3-amino-1 : 2 : 4- 
triazole (Manchot and Noll, Annalen, 1905, 343, 1) and some of its 5-alkyl derivatives 
(Reilly and Madden, /., 1929, 815). 3-Amino-5-phenyl-1 : 2 : 4-triazole is obtained from 
aminoguanidine and benzoic acid only in poor yields unless the reaction is carried out in 
concentrated hydrochloric or hydrobromic acid; salicylic acid fails to react under these 
conditions, but 3-amino-5-pyridyl-1 : 2: 4-triazoles are obtained by using pyridine-2- 
and 3-carboxylic acid. In the last case an equimolar adduct of the reactants is formed 
under the conditions used by Reilly and Madden, but this cyclises in boiling hydrobromic 
acid. 

In attempts to prepare 1-methyl-3-phenyl-1 : 2 : 4-triazole or its simple derivatives by an 
unambiguous method (cf. Part III, J., 1954, 3319) 1-benzylideneamino-1-methylguanidine 
hydriodide (as I) (Finnegan, Henry, and Smith, J. Amer. Chem. Soc., 1952, 74, 2981) was 
hydrolysed and then cyclised with benzoyl chloride to 5-benzamido-1-methyl-3-phenyl- 
1:2:4+triazole (II). Without previous hydrolysis Schotten—Baumann treatment with 
benzoyl chloride gives 1-benzylideneamino-3-benzoyl-1-methylguanidine (IT1). 


BzCl- 
(I) PheCH:N-NMe-C(.NH)*"NH, ——® Ph-CH:N-NMe-C(:NH)-NHBz (III) 
NaOH ‘ 


Hydrol. | N 
; : BzCl- Bz-NH‘C% CPh 
H,N-NMe-C(:NH)*NH, 


NaOH MeN N (IT) 


3-Amino-5-methyl-1 : 2: 4-triazole with diacetimide gives a monoacetyl derivative 
(cf. Birkhofer, Ber., 1943, 73, 769) ; it is not cyclised although Biilow and Haas (Ber., 1909, 
42, 4638) observed pyrazole formation in the somewhat analogous reaction of diacetimide 
with 1 : 3-diketones. 3-Hydrazino-1 : 2 : 4-triazole hydrochloride (as IV) (Manchot and Noll, 
loc. cit.) and diacetimide afford 3 : 5-dimethyl-1-(1 : 2 : 4-triazol-3-yl)-1 : 2 : 4-triazole (V) 
in a low yield. 
AcyNH + H,N-"NH—C====-N N N Cc 
Doe al 
N. CH ——P mec. CMe N 
(IV) NNZ \n7 


The aliphatic derivatives of 3-amino-1 : 2 : 4-triazole in ethanol show no absorption 
bands above 215 my. The triazole (V) has a band similar to that of acetyldimethyltriazole 
(Part IV, loc. cit.). The absorption spectra of 3-amino- and 3-hydroxy-5-phenyl-1 : 2 : 4- 
triazole are similar. The cation of the former has practically the same Amax, as the neutral 
compound but its extinction is increased (Fig. 1). The aminopyridyl-l : 2 : 4-triazoles 
absorb at longer wave-lengths, but with lower extinction, than 3-amino-5-phenyl-1 : 2 : 4- 
triazole. Their cations show two bands. The effect of excess of hydrogen chloride on 


* Part IV, J., 1954, 4256. 
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these bands is illustrated for 3-amino-5-3’-pyridyl-l : 2 : 4-triazole in Fig. 2. The spectra 
of the neutral aminopyridyltriazoles may be compared with those of 2: 2’- and 3: 3’- 
dipyridyl (Spiers and Wibaut, Rec. Trav. chim., 1937, 56, 573). In both series the 2-pyridyl 
derivatives absorb at higher wave-lengths and with greater intensity. 


Fic. 1. Fic. 2. 


a 
300 
Wave -length (mu) 


1, 3-Hydroxy-5-phenyl-1:2:4-triazole. 2, Cation of 1. 3, 3: 5-Dimethyl-1-(1: 2: 4-triazol-3-yl)- 
1:2: 4-triazole. 
1, 3-Amino-5-3'-pyridyl-1 : 2: 4-triazole. 2, Cation of 1, 85 molar excess of HCl. 3, Cation of 
1, 420 molar excess of HCl. 4, Cation of 1, 12,300 molar excess of HCI. 


EXPERIMENTAL 

M. p.s are corrected. Absorption spectra were determined for 4—8 x 10-5m-solutions in 
ethanol. A Unicam spectrophotometer and 10-mm. quartz cells were used. 

3-Amino-1 : 2: 4-triazole (Allen and Bell, Org. Synth., 1946, 26, 11), and its 5-methyl- 
(Morgan and Reilly, J., 1916, 109, 155), 5-ethyl-, 5-propyl-, and 5-isopropy! derivatives (Reilly 
and Madden, Joc. cit.) were prepared by known methods. 

Aminoguanidine sulphate (12-3 g.), heptanoic acid (13-0 g.), water (5 c.c.), and nitric acid 
(3 drops) were heated at 180° for 2 hr. The product was crushed and treated with a hot 
solution of sodium carbonate, and the mixture was evaporated to dryness. Extraction with 
ethyl acetate, evaporation, and recrystallisation from the same solvent gave 3-amino-5-hexyl- 
1: 2: 4-triazole (6-7 g., 40%), m. p. 131-5° (Found : C, 57-3; H, 9-6. C,H,,N, requires C, 57-1; 
H, 9:6%). 

Aminoguanidine sulphate (12-3 g.), benzoic acid (12-2 g.), and nitric acid (3 drops) were 
similarly treated and worked up. No 3-amino-5-phenyl-1 : 2: 4-triazole was obtained. Ina 
similar experiment the temperature was kept at 120° for 4 hr. Extraction with chloroform 
followed by recrystallisation from ethyl acetate afforded 3-amino-5-phenyl-1 : 2: 4-triazole 
(2-4 g., 14%), m. p. 188°; the picrate had m. p. 218° (decomp.). Benzoic acid (24-6 g.), amino- 
guanidine sulphate, and 40% hydrobromic acid (40-5 g.) were boiled under reflux for 24 hr. 
The product was brought to pH 8 with 2N-sodium carbonate and evaporated to dryness. The 
residue was extracted with dry ethanol-ether (1:1; 2 x 100 c.c.). After evaporation of the 
solvent material containing some inorganic matter was obtained (16-2 g.). 5% of this material 
was converted into the picrate which was recrystallised from 80% ethanol and gave pure 
3-amino-5-phenyl-1 : 2: 4-triazole picrate (1:16 g., 30%), m. p. and mixed m. p. 219°. The 
residue of the crude material was treated with concentrated nitric acid. The nitrate was washed 
with benzene and recrystallised from water [yield 9-35 g., 21%; m. p. 207° (decomp.)]. The 
experiment was repeated except for the replacement of hydrobromic acid by constant-toiling 
hydrochloric acid. A 5% aliquot part of the crude product was converted into the picrate (1-24 ¢., 
32%). The bulk was converted into the nitrate (7-97 g., 18%), m. p. 207° (decomp.). Attempts 
to form a triazole from aminoguanidine with ethyl benzoate or salicylic acid failed. 
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Aminoguanidine sulphate (34-4 g.) and pyridine-3-carboxylic acid (24-6 g.) in hydrobromic 
acid (50 g.) were boiled under reflux for 40 hr. The clear solution was neutralised with sodium 
carbonate and evaporated to dryness. Extraction of the residue with ethyl acetate (Soxhlet) 
recovered the basic product. Removal of the solvent and recrystallisation from methanol 
gave 3-amino-5-3'-pyridyl-1 : 2 : 4-triazole (14-3 g., 44%), colourless needles, m. p. 233° (Found : 
C, 52-3; H, 4:3; N, 43-5. C,H,N, requires C, 52-2; H, 4-4; N, 43-4%), which had absorption 
max. at 273 (c¢ 6300) and 218 my (e 11,300). The picrate was precipitated from aqueous 
solution and crystallised from water as yellow monoclinic needles, m. p. 269° (Found: C, 40-7; 
H, 2-9. C,3H,)0,N, requires C, 40-0; H, 2-6%). 

Aminoguanidine sulphate (17-2 g.) and pyridine-3-carboxylic acid (12-3 g.) in water (100 c.c.) 
were boiled under reflux for 24 hr. Neutralisation with sodium carbonate and extraction of 
the dry residue with chloroform gave colourless crystals (9-0 g.), m. p. 155—158°, which 
recrystallised from propan-2-ol as prisms, m. p. 165°. The substance appears to be an equimolar 
adduct of the starting materials (Found: C, 43-0; H, 6-0; N, 35-1. C,H,,0O,N, requires C, 
42-6; H, 5-6; N, 35-5%). The substance (1 g.) was boiled with hydrobromic acid (5 g.) for 
24 hr. Addition of picric acid to the neutralised aqueous solution of the product gave the 
picrate of 3-amino-5-3’-pyridyl-1 : 2 : 4-triazole (1-05 g., 53%), m. p. and mixed m. p. 268°. 

Aminoguanidine sulphate (17-2 g.) and pyridine-2-carboxylic acid hydrochloride (15-8 g.) in 
hydrobromic acid (25 g.) were treated as in the preceding experiment, giving 3-amino-5-2’- 
pyridyl-1 : 2: 4-triazole (6-8 g., 42%), colourless prismatic needles, m. p. 217° (Found: C, 52-4; 
H, 4-4%), which had absorption max. at 283 my (e 8100) in EtOH, or 278 (e 12,300) and 254-5 mu 
(¢ 9900) in a 4000-molar excess of HCl. The picrate crystallised from ethanol as yellow needles, 
m. p. 229° (Found: C, 39-4; H, 2-9%). 

1-Benzylideneamino-1-methylguanidine hydriodide (30-4 g.) was distilled with steam in the 
presence of concentrated sulphuric acid (50 c.c.). Iodine, benzaldehyde, and some benzoic acid 
distilled with about 1500 c.c. of water. The residue was boiled under reflux overnight and 
distilled with steam again. After the collection of 7000 c.c., benzaldehyde could no longer be 
detected in the distillate. Half of the residue was made strongly alkaline with 10% aqueous 
sodium hydroxide, at <30°. Benzoyl chloride (14 g.) was added and the mixture shaken for 
1 hr. The product was extracted with chloroform (3 x 75 c.c.), and the solvent removed, 
leaving 4-6 g., m. p. 125—128°, mixed m. p. with benzamide below 116°. Recrystallisation 
from benzene gave 5-benzamido-1-methyl-3-phenyl-1 : 2 : 4-triazole (4 g., 17%), m. p. 134° (Found : 
C, 69-5; H, 5:3. C,,H,,ON, requires C, 69:0; H, 5-1%). 

1-Benzylideneamino-1-methylguanidine hydriodide (0-35 g.) was shaken with 20% aqueous 
sodium hydroxide (5 c.c.) and benzoyl chloride (1-5 c.c.) in acetone (5 c.c.) for 10 min. The 
product crystallised in colourless needles, which had m. p. 187° after being washed with a little 
water. Recrystallisation from benzene with the addition of light petroleum (b. p. 40—60°) 
gave 3-benzoyl-1-benzylideneamino-1-methylguanidine (0-23 g., 80%), m. p. 187° (Found: C, 
68-8; H, 5-7; N, 20-4. C,.H,,ON, requires C, 68-5; H, 5:8; N, 20-0%). 

3-Amino-5-methyl-1 : 2 : 4-triazole (0-2 g.) and diacetimide (0-2 g.) were heated at 150° for 
5 min. The mixture solidified and was rubbed on a porous tile with benzene and light petroleum 
(b. p. 60—80°), leaving the monoacety]! derivative of the aminotriazole, m. p. 282° (Birkhofer, 
loc. cit., found 284°). 

Diacetimide (6-1 g.) and 3-hydrazino-1 : 2: 4-triazole hydrochloride (2-7 g.) were heated in 
acetic acid (1-0 g.) with anhydrous sodium acetate (1-4 g.) at 110—120° for 14 hr. The product 
was diluted with water (70 c.c.) and extracted continuously with ether for 4 hr. The ether 
extract was dried and evaporated, leaving a residue which was purified by sublimation at 
160°/1 mm. 3: 5-Dimethyl-1-(1 : 2 : 4-triazol-3-yl)-1 : 2: 4-triazole (0-3 g., 9%) was obtained 
as colourless prisms, m. p. 191° (Found: C, 44:2; H, 5-0; N, 51:3. C,H,N, requires C, 43-9; 
H, 4:9; N, 51-2%). The same reactants in aqueous acetic acid gave the same triazole in 
4% yield. 
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The Action of Grignard Reagents on Anhydro-sugars of Ethylene Oxide 
Type. Part III.* The Behaviour of Methyl 2: 3-Anhydro-4 : 6-O- 
benzylidene-«-D-mannoside towards Methyl-, Ethyl-, and Phenyl- 
magnesium Iodide. 

By G. N. RICHARDS. 


[Reprint Order No. 5623.] 


Methyl 2: 3-anhydro-4 : 6-O-benzylidene-x-p-mannoside with methyl- 
or phenyl-magnesium iodide gives as only product the expected methyl 
4 : 6-O-benzylidene-3-deoxy-3-iodo-«-p-altroside (II) (cf. Parts I, II), but 
with ethylmagnesium iodide it yields, in relative amounts dependent on 
conditions, the products (II), methyl 4 : 6-O-benzylidene-3-deoxy-«-pb-man- 
noside, methyl 4 : 6-O-benzylidene-2-deoxy-2-iodo-«-p-glucoside, and methyl] 
4 : 6-O-benzylidene-2 : 3-didehydro-2 : 3-dideoxy-a-p-glucoside. Reference 
is made to reactions leading to each of these different types of compound 
in Grignard reactions with simpler molecules. 


PREVIOUS papers of this series have emphasised the difficulties of establishing fixed rules 
for the direction of scission of the epoxide ring of anhydro-sugars by a given type of reagent. 
Thus, whereas methylmagnesium iodide and methyl 2 : 3-anhydro-4 : 6-O-benzylidene- 
a-D-alloside gave mainly methyl] 4 : 6-O-benzylidene-3-deoxy-3-iodo-«-D-glucoside (Part I, 
J., 1950, 2356), the same anhydro-sugar with ethyl- or phenyl-magnesium iodide yielded 
the corresponding 2-deoxy-2-iodoaltroside (Part II *). However, a similar series of 
experiments has now been carried out with methyl 2 : 3-anhydro-4 : 6-O-benzylidene-«-p- 
mannoside (I), in which the main product was always methyl 4 : 6-O-benzylidene-3-deoxy- 
3-iodo-«-D-altroside (II), although methyl-, ethyl-, and phenyl-magnesium iodides were 
all used. It therefore appears possible that only in the former anhydro-sugar is the oxide 
ring so situated that the nature of the alkyl group may affect the direction of scission and 
that some factor is operative other than the suggested preferential formation of the axial 
derivative (see, for example, Cookson, Chem. and Ind., 1954, 223). 

Foster, Overend, Stacey, and Vaughan (/., 1953, 3308) showed that the anhydro- 
mannoside (I) with diethylmagnesium yields methyl 4 : 6-O-benzylidene-3-deoxy-3-C- 
ethyl-«-p-altroside, but with diphenylmagnesium it yields methyl 4: 6-O-benzylidene- 
2-deoxy-2-C-phenyl-«-D-glucoside (Richards, Thesis, Birmingham, 1951). Although the 
possibility cannot be entirely eliminated at present that a rearrangement has occurred 
(cf. Gaylord and Becker, Chem. Reviews, 1951, 49, 413) with formation of an isomeric 
branched-chain sugar which would be difficult to distinguish conclusively, this apparent 
reversal of the direction of scission of the epoxide ring may be related to the case previously 
described. 

Owing to the effects of temperature and excess of reagent on the reaction of the man- 
noside (I) with ethylmagnesium iodide (see below), the reaction with methylmagnesium 
iodide was studied under various conditions (Table 1); in each case, however, the only 
product isolated was methyl 4 : 6-O-benzylidene-3-deoxy-3-iodo-«-D-altroside (II) identical 
with that obtained by reaction of the anhydro-sugar with magnesium iodide (Richards, 
Wiggins, and Wise, unpublished work), but the variations of yield suggested that some 
reduction may have occurred at room temperature. The structure (II) was confirmed by 
reduction of the compound to methyl 3-deoxy-«-p-mannoside (III) (cf. Richards, Wiggins, 
and Wise, loc. cit.), identical with the product of the reduction of the anhydro-sugar by the 
procedure of Bollinger and Prins (Helv. Chim. Acta, 1946, 29, 1061). The product obtained 
by Bollinger and Prins was, however, amorphous, and when treated with benzaldehyde and 
zinc chloride yielded, apart from the expected methyl 4 : 6-O-benzylidene-3-deoxy-«-p- 
mannoside (IV), three other crystalline compounds, none of which was positively identified. 
One of these, however (m. p. 137—138°), was almost certainly methyl 4 : 6-O-benzylidene- 
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2-deoxy-a-D-glucoside (VII), since prepared by Hughes, Overend, and Stacey (/., 1949, 
2846) (m. p. 137—139°) and derived from the alternative product to be expected from the 
original reduction, viz., methyl 2-deoxy-«-p-glucoside (VIII). 
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TABLE 1. Reaction of methyl 2: 3-anhydro-4 : 6-O-benzylidene-a-D-mannoside (I) with 
methylmagnesium iodide. 
Reaction MeMglI used Recovery Yield of 
Solvent time (hr.) Temp. (moles/mole) of (I) (%) (II) (%) 
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Although the mannoside (I) with ethylmagnesium iodide gave methyl 4 : 6-O-benzyl- 
idene-3-deoxy-3-iodo-a-D-altroside (II) as the chief halogeno-sugar, several other products 
were simultaneously formed, in amounts dependent on temperature and excess of reagent, 
and identified as described below. Each of these is analogous with a product obtained 
under suitable conditions by the action of Grignard reagents on simpler molecules; 
the increase in reducing power of ethyl- compared with methyl-magnesium iodide, as 
shown by the formation of methyl 4 : 6-O-benzylidene-3-deoxy-a-D-mannoside (IV), agrees 
with Kharasch and Weinhouse’s observations (J. Org. Chem., 1937, 1, 209) on the effect of 
the nature of the alkyl group in Grignard reductions, as does the absence of reduction in 
the reaction of the anhydro-sugar (I) with phenylmagnesium iodide (see below). 

Methyl 4: 6-O-benzylidene-3-deoxy-«-D-mannoside (IV) was formed predominantly 
(53°) at room temperature with 2-5 equivalents of ethylmagnesium iodide, but in lower 
yield at higher temperature (e.g.,.5% in boiling ether for 30 min.). This product crystal- 
lised when purified through its crystalline 2-O-benzoy] derivative, and the yield indicated 
that the syrup first obtained was homogeneous; the crystalline product (and its 2-O- 
toluene-p-sulphony] derivative) agreed in properties with those described by Bollinger and 
Prins (loc. cit.), and it was shown to yield methyl 3-deoxy-«-p-mannoside (III) by partial 
acidic hydrolysis. The behaviour of Grignard reagents as reducing agents is well known 
(cf. Kharasch, Morrison, and Urry, J. Amer. Chem. Soc., 1944, 66, 368; Kharasch and 
Weinhouse, Joc. cit.). 

When the anhydro-sugar (1) was treated with a large excess (10 equivalents) of ethyl- 
magnesium iodide in boiling ether for 14 hr. a very small amount of an unsaturated com- 
pound was formed, which is tentatively identified as methyl 4 : 6-O-benzylidene-2 : 3- 


TABLE 2. 
Compound pe see Compound Mais. (A) 
Supposed methyl 4: 6-O-benzyl- 2120* 11-6 Ethyl 2: 3-didehydro-2 : 3-di- 2120 
idene-2 : 3-didehydro-2 : 3-di- 2200 17-2 deoxy-a-D-glucoside 2170 
deoxy-a-D-glucoside 2350 17-9 2550 
2450 17-3 
2600 18-1 Methyl 4 : 6-O-benzylidene-a-p- 2150 
glucoside 2550 
2650 


* Submerged maximum. 


didehydro-2 : 3-dideoxy-«-p-glucoside (V). This structure rests on analysis, the fact that 
the compound slowly reduced bromine, and the formation of benzaldehyde by warm dilute 
acid. The melting point, but not the rotation, agreed with those recorded by Bollinger and 
Prins (loc. cit.). The ultra-violet absorption (Table 2) was rather greater than would be 
expected from summation of the curves for methyl 4 : 6-O-benzylidene-«-pD-glucoside and 
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ethyl 2 : 3-didehydro-2 : 3-dideoxy-«-p-glucoside (Laland, Overend, and Stacey; J., 1950, 
738), but occurred at similar wave-lengths. Formation of an ethylenic linkage by the 
action of magnesium on halides has previously been observed (e.g., by Robinson and 
Smith, /., 1936, 196) and, by analogy, the product (V) may arise by action of excess of 
magnesium in the unfiltered solution on methyl 4 : 6-O-benzylidene-3-deoxy-3-iodo-«-D- 
altroside (II), which under these conditions was obtained in reduced yield. In view of this 
the action of magnesium on the halogeno-sugars under similar conditions should prove of 
interest. 

A very small amount of a further isomeric iodo-sugar obtained when the anhydro-sugar 
(I) was heated for 30 min. with ethereal ethylmagnesium iodide was almost certainly methyl 
4 : 6-O-benzylidene-2-deoxy-2-iodo-«-D-glucoside (VI) since this is the only other isomer 
possible from simple scission of the epoxide ring. 
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The anhydro-sugar (I) was also treated with phenylmagnesium iodide, but in agreement 
with the general absence of reducing power in aryl Grignard reagents (see above) methyl] 
4 : 6-O-benzylidene-3-deoxy-3-iodo-«-D-altroside (IT) was the only product isolated. 


EXPERIMENTAL 

Methyl 2: 3-anhydro-4 : 6-O-benzylidene-x-p-mannoside was prepared by the method of 
Bollinger and Prins (Helv. Chim. Acta, 1945, 28, 465). 

Reaction of Methyl 2: 3-Anhydro-4 : 6-O-benzylidene-x-D-mannoside with Methylmagnesium 
Iodide.—In a typical reaction a solution of the mannoside (1-37 g.) in dry ether (100 ml.) was 
stirred with the reagent (from 0-3 g. of magnesium and 1:8 g. of methyl iodide in 20 ml. of ether) 
at room temperature for 5 days. Powdered ice was then added, followed by a small excess of 
dilute hydrochloric acid, and the ethereal solution was separated, washed with sodium hydrogen 
carbonate solution and water, dried (Na,SO,), and evaporated to dryness. The white crystal- 
line residue, when recrystallised from ethanol-water, yielded methyl 4 : 6-O-benzylidene- 
3-deoxy-3-iodo-«-p-altroside (0-53 g., 26%), m. p. 163—163-5° alone or on admixture with the 
product from the similar reaction with anhydrous magnesium iodide (Richards, Wiggins, and 
Wise, loc. cit.). 

The mother-liquors from the recrystallisation were evaporated to dryness and the residue 
chromatographed on a column of alumina, resulting in a recovery of the unchanged anhydride 
(0-34 g., 24-5%) and a further 0:36 g. (17-8%) of the iodo-altroside. The results obtained by 
varying the solvent, temperature, and ratio of reactants are summarised in Table 1. 

Derivatives of Methyl 4: 6-O-Benzylidene-3-deoxy-3-iodo-a-D-altroside.—The esters were 
prepared by standard procedures, in pyridine: 2-toluene-p-sulphonate, m. p. 127-5—129°, 
[a|?* +-46-4° (c, lin CHCl,) (Found: C, 45-9; H, 4-75. C,,H,,0,1S requires C, 46-1; H, 4:2%) ; 
2-acetate, m. p. 123—124°, [a]}? +72-4° (c, 2 in CHCI],) (Found: C, 44-2; H, 4:57. Cy gH,,O,1 
requires C, 44-2; H, 44%); 2-benzoate, m. p. 140-5—141°, [a]?? —11-7° (c, 2 in CHCl,) (Found : 
C, 51:0; H, 4-1. C,,H,,O,I requires C, 50-8; H, 4:3%). 

Methyl 3-Deoxy-a-p-mannoside.—Methyl 2: 3-anhydro-4 : 6-O-benzylidene-«-pb-mannoside 
(4:00 g.) was reduced over Raney nickel according to the procedure of Bollinger and Prins 
(loc. cit.) to yield methyl 3-deoxy-«-p-mannoside (1:47 g.), which crystallised on complete 
removal of solvent. Recrystallised from acetone, it had m. p. 123-5—124°, alone or on 


7H 


4514 Richards : The Action of Grignard Reagents on 


admixture with the product obtained by reduction of methyl] 4 : 6-O-benzylidene-3-deoxy-3-iodo- 
a-D-altroside with Raney nickel (Richards, Wiggins, and Wise, Joc. cit.), and [a]?? + 129-6 
(c, 1 in MeOH) (Found: C, 47-5; H, 8-05. Calc. for C,H,,0;: C, 47-2; H, 7:°9%). An 
alternative preparation by Bollinger and Prins (/oc. cit.) from methyl 4: 6-O-benzylidene-3- 
deoxy-«-D-mannoside also yielded amorphous material, [«]i? +-108-9° (c, 2 in MeOH). 

Reaction of Methyl 2: 3-Anhydro-4 : 6-O-benzylidene-x-D-mannoside with Ethylmagnesium 
Todide.—(a) At 35°. A solution of the above mannoside (2-64 g.) in ether (250 ml.) was added 
with stirring at room temperature to a solution of the Grignard reagent (from 15-6 g. of ethyl 
iodide and 2-4 g. of magnesium) in ether (50 ml.), then heated with stirring under reflux for 
14 hr. during which an amorphous white solid was deposited, then cooled to room temperature ; 
ice was added, followed by a slight excess of dilute hydrochloric acid. The aqueous phase, 
when neutralised with sodium hydrogen carbonate, evaporated to dryness and extracted with 
chloroform, yielded a yellow syrup (0-081 g.) which was not further investigated. 

The ethereal phase from the reaction mixture was washed with sodium hydrogen carbonate 
solution and with water, dried (Na,SO,), and evaporated to dryness. The residual syrup 
crystallised partly on trituration with ethyl acetate and when recrystallised therefrom yielded 
methyl 4 : 6-O-benzylidene-3-deoxy-3-iodo-«-p-altroside (0-37 g., 9-4°%%), m. p. and mixed m. p. 
162-5—163-5°. The mother-liquors from the recrystallisation were evaporated to a colourless 
syrup and transferred to alumina (40 x 1cm.). Fractions were obtained as follows : 

(i) Ether-hght petroleum (b. p. 60—80°) (1:5) gave a colourless pungent liquid (5 mg.), 
a 0°, which was not further investigated. 

(ii) A second fraction obtained with the same eluant yielded yellow crystals (51 mg., 2%), 
which when recrystallised from ethanol had m. p. 119-5—120°, [«]?® + 129° (c, 0-7 in CHCI,) 
(Found: C, 67-8; H, 6-5. Calc. for Cy4H,,0,: C, 67-7; H, 65%), tentatively identified as 
methyl 4 : 6-O-benzylidene-2 : 3-didehydro-2 : 3-dideoxy-«-p-glucoside, for which Bollinger and 
Prins (loc. cit.) reported m. p. 119°, [a]) +90°. It gave a positive Molisch reaction; for the 
ultra-violet absorption spectrum see Table 2. It slowly absorbed bromine in carbon tetra- 
chloride, and liberated the odour of benzaldehyde on acidic hydrolysis. 

(iii) Elution with the same solvents (2: 1) gave a mixture of the original anhydride (0-26 g., 
9-994) and methyl 4: 6-O-benzylidene-3-deoxy-3-iodo-«-p-altroside (0-041 g.), resolved by 
crystallisation from ethanol—water. 

(iv) Elution with ether yielded a colourless syrup (0-42 g.), apparently a mixture containing 
the preceding substances. 

A similar reaction, with a smaller excess (2-5 equivs.) of Grignard reagent and the same 
anhydride (1-37 g.), heated for only 30 min. and then stirred at room temperature for 2 hr., 
yielded a crystalline product without resort to fractionation. Fractional recrystallisation 
from ethyl acetate—light petroleum, however, gave unchanged anhydride (0-28 g., 20-5%) and 
methyl 4 : 6-O-benzylidene-3-deoxy-3-iodo-«-p-altroside (0-51 g., 26%). Mother-liquors from 
the recrystallisations were evaporated to a syrup and subjected to chromatography as above, 
the first fraction obtained being the original anhydride (0-068 g.). Further elution with ether— 
light petroleum (b. p. 60—80°) (2: 1) yielded a colourless syrup (0-040 g., 2%) which crystallised 
on trituration with ether. This was probably methyl 4 : 6-O-benzylidene-2-deoxy-2-10do-x-D- 
glucoside, having m. p. 154-5—156° when recrystallised from ether (Found: C, 42-8; H, 4-6. 
C,,H,,O0,;I requires C, 42-85; H, 4:4%). Further elution with the same mixture of solvents 
yielded crude methyl] 4 : 6-O-benzylidene-3-deoxy-«-p-mannoside as a colourless syrup (0°38 g.) 
(iodine-free) ; treatment with toluene-p-sulphony] chloride (0-5 g.) in pyridine (5 ml.) for 2 days 
at room temperature yielded crystalline methyl 4 : 6-O-benzylidene-2-deoxy-2-O0-toluene-p- 
sulphonyl-«-p-mannoside (0-109 g., 5% calc. from the original anhydride), having m. p. 120-5 
121°, alone or on admixture with an authentic sample (see below), and [«]|7} 4+-40-9° (c, 2 in CHCI,), 
when recrystallised from ethanol-water (Found: C, 60-0; H, 5-7. Calc. for C,,H,O,5: C, 
60-0; H, 58%). 

(6) At 20°. Methyl 2: 3-anhydro-4 : 6-O-benzylidene-x-p-mannoside (5-48 g.) was treated 
with ethylmagnesium iodide (2-5 equivs.) at room temperature for 21 hr. Thereafter the 
hydrolysis procedure was the same but the product finally obtained was amorphous and chrom- 
atography on alumina yielded only the original anhydride (0-86 g., 16%) and syrupy methyl 
+ : 6-O-benzylidene-3-deoxy-«-D-mannoside (2-92 g., 53%). The latter readily yielded the 
2-toluene-p-sulphonate, m. p. and mixed m. p. 120-5—121°, in good yield. 

Benzoylation of Crude Methyl 4: 6-O-Benzylidene-3-deoxy-a-D-mannoside.—The crude 
product (0-147 g.) of the previous reaction was treated in pyridine (2 ml.) with benzoyl chloride 
(0-2 ml.) at room temperature for 22 hr. The 2-benzoate (0-179 g., 91%), isolated in the usual 
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way and recrystallised from ethanol—water, had m. p. 139—140°, [a]?! —3-0° (c, 4 in CHCl.) 
y J I JD 3 


(Found: C, 67-9; H, 5-9. C,,H,.O, requires C, 68-1; H, 6-0%). 

Alkaline Hydrolysis of Methyl 2-O-Benzoyl-4 : 6-O-benzylidene-3-deoxy-a-D-mannoside.—(a) 
By sodium methoxide. A solution of the 2-benzoate (0-527 g.) in methanol (10 ml.) and chloroform 
(5 ml.) was treated with a solution of sodium (0-15 g.) in methanol (5 ml.) at room temperature 
for 20hr. Reaction, made evident by a white precipitate, began immediately. Water (20 ml.) 
was next added and the mixture extracted with chloroform. The extract was washed repeatedly 
with water saturated with carbon dioxide, dried (Na,SO,), and evaporated to a yellow syrup 
which contained methyl benzoate (persistent even when the product was dried at 60°/0-01 mm.), 
and the syrup (0-391 g., 100-5%) could not be crystallised, although the rotation, [«]?? +94-0° 
(c, 2 in CHCl,), indicated that it was essentially methyl 4 : 6-O-benzylidene-3-deoxy-«-p- 
mannoside. 

(b) By sodium hydroxide. The same 2-benzoate (1-267 g.) was heated under reflux for 2 
hr. with a solution of sodium hydroxide (1 g.) in ethanol (40 ml.) and chloroform (10 ml.), 
sodium benzoate separating. The product was isolated as described for the previous experiment 
and methyl 4: 6-O-benzylidene-3-deoxy-«-p-mannoside crystallised readily. Recrystallised 
from benzene-light petroleum it (0-429 g., 46%) had m. p. 107-5—108-5, [a] +96-5° (c, 2 in 
CHCI,), [«]}? +88-6° (c, 1 in EtOH) (Found: C, 63-3; H, 6-6. Calc. for C,,H,,0;: C, 63-1; 
H, 6-8%). Bollinger and Prins (loc. cit.), for the same compound prepared from methyl 
3-deoxy-a-D-mannoside, recorded m. p. 110—111°, [a}i? +95-0° (c, 3 in CHCI,). 

The 2-toluene-p-sulphonate had m. p. 120-5—121°, alone or on admixture with the product 
obtained from the amorphous material. Bollinger and Prins (loc. cit.) record for this compound 
m. p. 121—122°, [a]}8 +45-2°. 

Partial Acidic Hydrolysis of Methyl 4: 6-O-Benzylidene-3-deoxy-u-D-mannoside.—The 
mannoside (0-316 g.) in acetone (25 ml.) was heated under reflux with aqueous oxalic acid (0-7 g. 
of the dihydrate in 2-5 ml. of water) to constant rotation (3 hr.; [a]? +77-7° —» +92-3°). 
After neutralisation with barium carbonate and filtration, the solution was evaporated to 
dryness and the residue distilled in steam until free from benzaldehyde. The remaining aqueous 
solution was evaporated to a colourless syrup, which crystallised on trituration with chloroform 
and when recrystallised from ethyl acetate had [«]}* +-132° (c, 0-7 in EtOH) and m. p. 123—124° 
alone or on admixture with the compound obtained by reduction of methyl 4 : 6-O-benzylidene- 
3-deoxy-3-iodo-«-D-altroside. 

Reaction of Methyl 2: 3-Anhydro-4 : 6-O-benzylidene-a-D-mannoside with Phenylmagnesium 
Iodide.—A solution of the mannoside (1-37 g.) in ether (125 ml.) was added slowly with vigorous 
stirring to the Grignard solution prepared from iodobenzene (2-55 g.), magnesium (0-3 g.), and 
ether (20 ml.). A white granular precipitate separated immediately. After 1 hour’s heating 
with stirring, the usual acidification and extraction yielded a crystalline product which was 
resolved by fractional recrystallisation from ethanol—water and ethyl acetate—light petroleum 
into unchanged anhydromannoside (0-57 g., 42%) and methyl 4 : 6-O-benzylidene-3-deoxy-3- 
iodo-«-D-altroside (0-69 g., 34%), m. p. and mixed m. p. 163—163-5°. Chromatography of the 
mother-liquors on alumina yielded only further amounts of the same compounds (0-04 and 


0-275 g. respectively). 
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Acylarylnitrosamines. Part VII.* Reactions of 3-Aminomethoxy- 
pyridines and 3-Amino-1-methylpyridones. The Preparation of 
2-Methoxy-3-phenyl-, 4-Methoxy-3-phenyl-, and 2-Methoxy-5-phenyl- 
pyridine. 

By Yusur AuMaAD and D. H. Hey. 
[Reprint Order No. 5654.] 


Contrary to previous results obtained in the quinoline series [(Mrs.) 
Adams and Hey, J., 1951, 1521] 5-acetamido-2-methoxypyridine, 3-acet- 
amido-2-methoxypyridine, and 3-acetamido-4-methoxypyridine undergo 
normal] nitrosation and the resulting nitroso-compounds react with benzene 
to give 2-methoxy-5-phenyl-, 2-methoxy-3-phenyl-, and 4-methoxy-3-phenyl- 
pyridine respectively. Similar reactions were not successful with the isomeric 
N-methylpyridones, although 1-methyl-5-phenyl-2-pyridone was obtained in 
poor yield from the dimethyltriazen prepared from 5-amino-1-methyl-2- 
pyridone on decomposition in benzene. 


NUMEROUS attempts have been made to prepare phenyl and pyridyl derivatives of both 
pyridine and quinoline by reaction of a N-nitrosoacetamido-pyridine or -quinoline, or of 
a diazotised amino-pyridine or -quinoline, with benzene or pyridine, but they have been 
successful only when the nitrosoacetamido- or amino-group is attached to the 3-position 
in the heterocyclic ring or, with one exception, to any position in the carbocyclic ring of 
quinoline. Thus, attempts to prepare 2-N-nitrosoacetamidopyridine as an intermediate for 
the preparation of 2-phenylpyridine were unsuccessful (Haworth, Heilbron, and Hey, 
J., 1940, 372), and failures were reported with diazo-derivatives prepared from 2- and 
4-aminoquinoline and their subsequent treatment with pyridine (Coates, Cook, Heilbron, 
Hey, Lambert, and Lewis, J., 1943, 401). On the other hand, satisfactory yields of 3- 
phenyl- and 3-pyridyl-quinoline were obtained from derivatives of 3-aminoquinoline 
Coates, Cook, Heilbron, Hey, Lambert, and Lewis, Joc. cit.; (Mrs.) Adams, Hey, Mamalis, 
and Parker, /., 1949, 3181}. Adams et al. also showed that, although 2-acetamido-5- 
chloropyridine could not be nitrosated, both 3- and 5-acetamido-2-chloropyridine under- 
went normal nitrosation and in subsequent reaction with benzene these nitroso-compounds 
gave 2-chloro-3- and 2-chloro-5-phenylpyridine respectively in the normal manner. It 
was noted that these nitroso-compounds were much more stable than nitrosoacetanilide. 
A successful reaction was also reported with diazotised 5-amino-2-n-butoxypyridine. The 
success achieved with derivatives of 3-amino-pyridine and -quinoline arises from the fact 
that these compounds, unlike the 2- and the 4-amino-derivatives, display the normal 
properties of aromatic amines (cf. Steck and Ewing, J. Amer. Chem. Soc., 1948, 70, 3397). 
The one example, referred to above, in which these reactions fail when the amino- or 
derived group is attached to the carbocyclic ring of quinoline, concerns 5-amino-6-methoxy- 
quinoline (Coates, Cook, Heilbron, Hey, Lambert, and Lewis, /., 1943, 406). 

The use of derivatives of 3-aminopyridine for the preparation of 3-phenylpyridine has 
also been investigated by Rapoport, Look, and Kelly (J. Amer. Chem. Soc., 1952, 74, 
6293). The product obtained in the nitrosation of 3-acetamidopyridine was not considered 
to be a suitable intermediate because it was soluble in water and difficult to isolate, and 
3: 3-dimethyl-1-3’-pyridyltriazen was found to be too stable, being recovered unchanged 
when refluxed in benzene in presence of glacial acetic acid or of hydrogen chloride. On 
the other hand, 3-N-nitrosoisobutyramidopyridine was conveniently prepared, was easily 
extracted from dilute solution with ether or benzene, and on being warmed in benzene 
decomposed to give 3-phenylpyridine in 39% yield. Rapoport and Look subsequently 
(ibid., 1953, 75, 4605) used 3-N-nitrosotsobutyramidopyridine for the preparation of 
3: 2’-nornicotyrine by reaction with ethyl pyrrole-l-carboxylate followed by hydrolysis 
and elimination of carbon dioxide. 

In an investigation into the reactions of the isomeric N- and O-methyl derivatives of 

* Part VI, J., 1952, 4657. 
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3-amino-4-hydroxy-quinoline and -quinaldine it was found [(Mrs.) Adams and Hey, /., 
1951, 1521] that, contrary to expectation, normal behaviour was displayed in the N-methyl 
(or quinonoid) series, whereas the O-methyl (or benzenoid) series behaved abnormally. 
Thus, nitrosation of 3-acetamido-l-methyl-4-quinolone gave 1-methyl-3-N-nitrosoacet- 
amido-4-quinolone, which with benzene gave l-methyl-3-phenyl-4-quinolone, identical 
with a specimen prepared by the action of methyl iodide on 4-hydroxy-3-phenylquinoline 
and different from the product obtained from the action of sodium methoxide on 4-chloro- 
3-phenylquinoline. The same product was obtained from the action of 3 : 3-dimethyl-1- 
(1-methylquinol-4-on-3-yl)triazen on boiling in benzene in the presence of hydrogen 
chloride. Attempts to carry out similar reactions starting with 3-amino-4-methoxy- 
quinoline were unsuccessful. Further, nitrosation of 3-acetamido-1 : 2-dimethyl-4-quinolone 
gave | : 2-dimethyl-3-N-nitrosoacetamido-4-quinolone, which gave 1-methylpyrazolo- 
(4’ : 5’-2 : 3)-4-quinolone in boiling benzene, whereas the attempted nitrosation of 3- 
acetamido-4-methoxyquinaldine again failed. This unexpected result made it desir- 
able to study further reactions of this type. The present communication describes the 
results obtained with a series of methylated derivatives of 3-aminopyridine containing a 
hydroxyl group at position 2, 4, or 6. 

2-Chloro-5-nitropyridine (I) was converted successively into 2-methoxy-5-nitropyridine 
(II), 5-amino-2-methoxypyridine, and 5-acetamido-2-methoxypyridine (III). Nitrosation 
of the latter gave the N-nitroso-derivative, which when heated in benzene solution gave 
2-methoxy-5-phenylpyridine (IV), the picrate of which was identical with that prepared 


Ac-NH 
: —— ‘ 
_'OM (III) \y OMe 


7 NH Ac 
Ne OMe 


(VIII) 


from the product of the reaction of sodium methoxide on 2-chloro-5-phenylpyridine (V). 
3-Amino-2-chloropyridine (VI), prepared from nicotinamide (VII), was converted succes- 
sively into 3-amino- and 3-acetamido-2-methoxypyridine (VIII), which was also prepared 
from 2-methoxy-3-nitropyridine (IX). Nitrosation of 3-acetamido-2-methoxypyridine 
(VIII) and decomposition in benzene solution gave 2-methoxy-3-phenylpyridine (X), the 
picrate of which was identical with that prepared from the product of the action of sodium 
methoxide on 2-chloro-3-phenylpyridine (XI). In a third series 3-amino-4-methoxy- 
pyridine, obtained by reduction of 4-methoxy-3-nitropyridine (XII), was successively 
acetylated and nitrosated, and the decomposition of 4-methoxy-3-N-nitrosoacetamido- 
pyridine in benzene solution gave 4-methoxy-3-phenylpyridine (XIII). These reactions 
and interrelations are represented schematically in the appended formule. 

In contrast to the above results 5-acetamido-1-methyl-2-pyridone (XIV), 3-acetamido- 
1-methyl-2-pyridone (XV), and 3-acetamido-1-methyl-4-pyridone (XVI) failed to undergo 
nitrosation, and attempted diazotisation of the corresponding amines and subsequent 
reaction with benzene also failed. The dimethyltriazen (XVII) prepared from 5-amino-|- 
methyl-2-pyridone gave 1-methyl-5-phenyl-2-pyridone (XVIII) in poor yield when boiled 
with benzene in presence of hydrogen chloride, but similar reactions with the triazens 
from 3-amino-l-methyl-2- and -4-pyridone failed. The three amino-l-methylpyridones 
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were prepared from the corresponding 1-methylnitropyridones (XIX, XX, and XX\I), 
which in turn were obtained from the appropriate hydroxynitropyridine (XXII, XXIII, 
and XXIV) by methylation with methyl sulphate. The extreme solubility in water of 
these amines rendered their isolation difficult when the more conventional methods of 
reduction were used, but it was possible to prepare the free amines in high yield by the 
application of the hydrogen-transfer method of Linstead, Braude, Mitchell, Woolridge, and 
Jackman (Nature, 1952, 169, 100) with palladium—charcoal and cyclohexene. 
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The results of these experiments show that the abnormal behaviour revealed in the 
quinoline series is not reproduced in the pyridine series, for whereas 5-acetamido-2-methoxy- 
pyridine, 3-acetamido-2-methoxypyridine, and 3-acetamido-4-methoxypyridine give normal 
nitroso-derivatives which react with benzene to give the methoxyphenylpyridines, no 
success attended attempts to effect similar reactions with 5-acetamido-1-methyl-2-pyridone, 
3-acetamido-l-methyl-2-pyridone, and 3-acetamido-l-methyl-4-pyridone. The failure 
with the N-methyl derivatives extended also to the reactions of the diazotised amines with 
benzene, with the exception of the triazen prepared from 5-amino-l-methyl-2-pyridone 
which, with benzene, gave 1-methyl-5-phenyl-2-pyridone in very poor yield. 

The preparative work incidental to this investigation has resulted in the disclosure of 
discrepancies with regard to two compounds. It is now shown that 2-methoxy-3-nitro- 
pyridine (IX), prepared from 2-chloro-3-nitropyridine by the action of sodium in methanol, 
has m. p. 56—58°, whereas Magidson and Menshikov (Trans. Sct. Chem. Pharm.-Inst., 
Moscow, 1926, 16, 23) reported m. p. 110° for this compound prepared by the action of 
methyl iodide on the silver salt of 2-hydroxy-3-nitropyridine. A recent repetition of the 
work of the latter authors by Gruber (Canad. ]. Chem., 1953, 31, 1181) gave two products, 
(a) 2-methoxy-3-nitropyridine, m. p. 57—59°, and (b) 1-methyl-3-nitro-2-pyridone, m. p. 
171—174°. Secondly, 3-acetamido-2-methoxypyridine (VIII), prepared from either 
3-amino-2-chloropyridine (VI) or 2-methoxy-3-nitropyridine (IX), is now shown to have 
m. p. 88—90°. Schickh, Binz, and Schulz (Ber., 1936, 69, 2593) reported m. p. 163° for 
3-acetamido-2-methoxypyridine prepared by acetylation of the amine with acetic anhydride 
at 200—220° in a sealed tube, but their compound is now shown to be the isomeric 
3-acetamido-1-methyl-2-pyridone (XV). 


7 ~NMe, 


| — 


Oo 


EXPERIMENTAL 
5-A cetamido-2-methoxypyridine (cf. Adams and Govindachari, J. Amer. Chem. Soc., 1947, 
69, 1806).—A solution of 2-methoxy-5-nitropyridine (Friedman, Braitberg, Tolstoouhov, and 
Tisza, ibid., p. 1204) (5-1 g.) in ethanol (100 c.c.) containing either Raney nickel (5 g.) or palladium 
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on carbon (5%; 1g.) was shaken with hydrogen at room temperature and atmospheric pressure. 
After 30 min. absorption of the theoretical volume of hydrogen was complete. The solution 
was filtered and the solvent evaporated under reduced pressure. The residual amine, which 
was obtained in almost quantitative yield as a red oil (dipicrate, m. p. 127—128°; Adams and 
Govindachari, loc. cit., give m. p. 128°), was acetylated with acetic anhydride containing two 
drops of perchloric acid. After removal of the excess of acetic anhydride under reduced pressure, 
the residue was made alkaline with ice-cold aqueous sodium hydroxide and extracted with ether. 
Evaporation of the ether from the dried (Na,SO,) extract left 5-acetamido-2-methoxypyridine 
(4-5 g.), which separated from benzene—light petroleum (b. p. 40—60°) in needles, m. p. 96—98° 
(Found: C, 57-4; H, 5-9. Calc. for Cg,H,,O,N,: C, 57-8; H, 6-0%). Takahashi, Ichikawa, 
and Yatsuka (J. Pharm. Soc. Japan., 1945, 65, 24, 14; Chem. Abs., 1951, 45, 8531) claim to 
have obtained this compound (m. p. 95°), together with an unidentified product, on boiling the 
amine with acetic anhydride. 

2-Methoxv-5-phenylpyridine.—(a) A 15% solution of nitrosyl chloride in acetic anhydride 
(10 c.c.) was added dropwise to a well-stirred mixture of 5-acetamido-2-methoxypyridine (2 g.) 
in glacial acetic acid (14 c.c.) and acetic anhydride (6 c.c.) containing fused potassium acetate 
(6 g.) at O—5°. Stirring was continued for 15 min. after the addition and the yellow mixture 
was then poured on crushed ice containing enough aqueous sodium carbonate to keep the mixture 
alkaline. With vigorous stirring the nitroso-compound separated as a yellow oil, which solidified 
2:2 g.). It was collected, washed with ice-cold water and dried in vacuo over potassium hydr- 
oxide. A portion crystallised from dry ether (charcoal) in the cold was obtained in pale yellow 
needles, m. p. 51-5—52-5° (decomp.). A solution of 2-methoxy-5-N-nitrosoacetamidopyridine 
(2 g.) in dry “‘ AnalaR ”’ benzene (75c.c.) was heated under gentle reflux for 24 hr. under moisture- 
proof conditions. Nitrogen was evolved and the solution became dark red. After removal of 
some of the solvent the solution was passed down a column of alumina, which was eluted with 
light petroleum (b. p. 40—60°). 2-Methoxy-5-phenylpyridine was obtained as a light yellow 
oil (0-74 g.), the picrate of which separated from benzene in yellow needles, m. p. 170—171 
(Found: C, 51-8; H, 3-6. C,.H,,ON,C,H,0,N, requires C, 52:2; H, 3-4%). 

(b) Sodium (0-2 g.) in absolute methanol (15 c.c.), 2-chloro-5-phenylpyridine (0-38 g.), pre- 
pared as described by Adams, Hey, Mamalis, and Parker (Joc. cit.), and a trace of copper powder 
were heated together in a sealed tube at 160° for 24 hr. The mixture was filtered and the 
methanol removed under reduced pressure. The residue was extracted with ether and dried 
(Na,SO,). The residue, on removal of the solvent, was converted into the picrate, which 
separated from benzene in yellow needles, m. p. 168—169°, which was not depressed on 
admixture with the picrate prepared by method (a). 

3-A mino-2-chloropyridine.—It was found advantageous to convert nicotinamide into 3- 
amino-2-chloropyridine without the tedious isolation of 3-aminopyridine. A rapid stream of 
chlorine was passed into a solution of sodium hydroxide (18 g.) in water (200 c.c.) at 0° until an 
increase in weight of 11 g. was obtained. To this solution powdered nicotinamide (15 g.) was 
added with vigorous stirring. After 15 min. the clear solution was heated at 75° for 45 min. 
The mixture was made acid with concentrated hydrochloric acid (150 c.c.), and hydrogen 
peroxide (100-vol.; 18 c.c.) was added gradually with stirring at 70—80°. The mixture was 
concentrated under reduced pressure, made alkaline with aqueous sodium hydroxide, and 
extracted with ether. Evaporation of the dried (Na,SO,) extract left 3-amino-2-chloropyridine 
(9 g.), which was collected at 124°/12 mm. as a colourless oil which solidified. Recrystallisation 
from benzene gave needles, m. p. 79—80°. Schickh, Binz, and Schulz (/oc. cit.) reported m. p. 
79—80°. The picrate, prepared in benzene solution, separated in yellow needles, m. p. 169— 
171° (Found: C, 37:3; H, 2:2. C,;H;N.Cl,C,H,O,N, requires C, 36-9; H, 2-2%). 

3-A cetamido-2-methoxypyridine.—Acetic anhydride (20 c.c.) was added to 3-amino-2- 
methoxypyridine (4-6 g.), prepared from 3-amino-2-chloropyridine by the method of Schickh, 
Binz, and Schulz (loc. cit.), followed by 3 drops of perchloric acid. After being shaken and 
kept overnight, the mixture was neutralised with saturated aqueous sodium carbonate with the 
addition of crushed ice. The product was extracted with ether and dried (Na,SO,). Removal 
of the solvent left an oil which solidified. Crystallisation from dry ether (charcoal) gave 3- 
acetamido-2-methoxypyridine (4-5 g.) in hexagonal prisms, m. p. 88—90° (Found: C, 58-0; 
H, 6-1. C,H,,O,N, requires C, 57-8; H, 60%) (cf. Schickh, Binz, and Schulz, loc. cit.). 

2-Methoxy-3-nitropyridine.—2-Hydroxy-3-nitropyridine, m. p. 224—225° (3-3 g.), prepared 
from 2-hydroxypyridine (Binz and Maier-Bode, Angew. Chem., 1936, 49, 486; Bishop, Cavell, 
and Chapman, J., 1952, 437) or from 2-amino-3-nitropyridine (Caldwell and Kornfeld, J. Amer. 
Chem. Soc., 1942, 64, 1695), was heated for 2 hr. at 110° under reflux with phosphorus penta- 
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chloride (6 g.) and phosphorus oxychloride (3 drops). After removal of phosphorus oxychloride 
under reduced pressure, the residue was treated with ice-cold water, and the product collected 
by filtration. Crystallisation from acetone (charcoal) gave 2-chloro-3-nitropyridine, m. p. 
100—102° in almost quantitative yield. Tschitschibabin and Bylinkin (J. Russ. Phys. Chem. 
Soc., 1920, 50, 471) reported m. p. 101—102° for this compound. A solution of sodium (0-45 g.) 
in absolute methanol (20 c.c.) to which was added 2-chloro-3-nitropyridine (3 g.), was boiled 
under reflux for 1 hr. After removal of half of the methanol by distillation water was added 
and the precipitated 2-methoxy-3-nitropyridine (2-5 g.) was collected, which crystallised from ether 
(charcoal) in needles, m. p. 56—58° (Found: C, 47-0; H, 4:0. C,H,O,N, requires C, 46-75; 
H, 3:9%) (cf. Magidson and Menshikov, Joc. cit., and Gruber, /oc. cit.). 

3-A mino-2-methoxypyridine.—2-Methoxy-3-nitropyridine (0-55 g.) in methanol (20 c.c.) 
was hydrogenated in the presence of palladium on charcoal (0-2 g.). The reduction was complete 
in 30 min. After filtration the methanol was removed under reduced pressure and a small 
portion of the residual base was converted into the picrate in methanol solution. It separated 
from acetone in stout brown prisms, which became bright yellow on grinding, m. p. 155—156° 
(Found: C, 41-2; H, 3-3. C,sH,ON,,C,H,O,N, requires C, 40-8; H, 3-1%). The main bulk 
of the amine was acetylated with acetic anhydride containing a drop of perchloric acid. The 
resulting 3-acetamido-2-methoxypyridine separated from ether—light petroleum (b. p. 40—60°) 
in needles, m. p. 87—89°, which was not depressed on admixture with the product prepared 
as above from 3-amino-2-chloropyridine. 

2-Methoxy-3-phenylpyridine.—(a) Nitrosyl chloride in acetic anhydride (8%; 23 c.c.) was 
added dropwise to a stirred mixture of 3-acetamido-2-methoxypyridine (2-5 g.), fused potassium 
acetate (7-5 g.), and phosphoric anhydride (0-25 g.) in glacial acetic acid (10 c.c.) and acetic 
anhydride (7-5 c.c.) at 0—5°. After 30 min. the mixture was poured on crushed ice containing 
sufficient aqueous sodium carbonate to make the mixture slightly alkaline. The 2-methoxy-3-N 
nitrosoacetamidopyridine separated as a yellow oil, which was extracted with ‘‘ AnalaR”’ 
benzene and dried (Na,SO,). After filtration the solution was boiled gently under reflux under 
moisture-proof conditions. After the evolution of nitrogen had ceased the excess of benzene 
was removed under reduced pressure. The residue in a little benzene was passed down a column 
of alumina, which was then eluted with light petroleum (b. p. 40—60°). Evaporation of the 
eluate left 2-methoxy-3-phenylpyridine as a light yellow oil (0-9 g.). The picrate separated 
from benzene in yellow needles, m. p. 117—118° (Found : C, 52-6; H, 3-5. Cj ,,H,,ON,C,H3;0,N, 
requires C, 52-2; H, 3-4%). 

(b) A mixture of sodium (0-02 g.) in absolute methanol (10 c.c.) containing 2-chloro-3-phenyl- 
pyridine (0-1 g.), prepared as described by Adams, Hey, Mamalis, and Parker (loc. cit.), and 
copper powder (trace) was heated in a sealed tube at 150° for lO hr. After filtration the methanol 
was removed by distillation and the residual 2-methoxy-3-phenylpyridine was converted into 
the picrate, which separated from benzene in yellow needles, m. p. 116—118°, undepressed on 
admixture with the compound prepared by method (a) above. 

3-Amino-4-methoxypyridine.—A mixture of 4-methoxy-3-nitropyridine (5-1 g.) (Bremer, 
Annalen, 1937, 529, 290) and Raney nickel (5 g., in suspension in ethanol) in methanol (100 c.c.) 
was shaken with hydrogen at atmospheric pressure and room temperature. After the rapid 
uptake of the required volume of hydrogen, the mixture was filtered and the alcohols were 
removed under reduced pressure. The amine was obtained as a red oil (4 g.), a portion of which 
was converted into the picyate in benzene solution. Recrystallisation from ethanol—acetone 
gave yellow-brown prisms, m. p. 162—163°, which gave a light yellow powder on grinding 
(Found: C, 40-7; H, 3-4. C.H,ON,,C,H,O,N, requires C, 40-8; H, 3-1%). The free base 
(2-5 g.) was acetylated with acetic anhydride (10 c.c.) containing four drops of perchloric acid. 
Isolation of the acetyl derivative as described in previous examples gave 3-acetamido-4-methoxy- 
pyridine (3-1 g.) in prismatic plates, m. p. 123—124°, from chloroform-light petroleum (b. p. 
40--60°) (Found : C, 57-8; H, 6-0. C,H, O,N, requires C, 57-8; H, 6-0%). 

4-Methoxy-3-phenylpyridine.—A 15% solution of nitrosyl chloride in acetic anhydride (7-5 
c.c.) was added dropwise to a stirred mixture of 3-acetamido-4-methoxypyridine (1-5 g.), 
anhydrous potassium acetate (4-5 g.), and phosphoric anhydride (0-1 g.) in glacial acetic acid 
(11 c.c.) and acetic anhydride (5 c.c.) at 0O—5°. After the addition stirring was continued for 
15 min. and the mixture was then added to crushed ice containing an excess of a saturated 
solution of sodium carbonate. The nitroso-compound separated as a yellow oil which solidified 
(1-5 g.). A small portion was crystallised from ether (charcoal) by evaporation in the cold. 
4-Methoxy-3-N-nitrosoacetamidopyridine separated in light yellow crystals, m. p. 84° (decomp.) 
(Found: C, 49-3; H, 4:75. C,H,O,N, requires C, 49-2; H, 4.6%). A solution of the nitroso- 
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compound (1-4 g.) in ‘“‘ AnalaR’”’ benzene (60 c.c.) was filtered and then boiled gently under 
reflux for 20 hr. under moisture-proof conditions. Nitrogen was evolved and the solution 
became darker. After filtration the benzene was removed under reduced pressure and the 
residue in a little benzene was passed down a column of alumina, which was subsequently 
eluted with benzene-ether (2:1). Evaporation of the eluate left 4-methoxy-3-phenylpyridine 
as a light yellow oil (0-5 g.), which was converted into the picrate in benzene solution. It 
separated from acetone in yellow needles, m. p. 206—207° (Found: C, 52:1; H, 3:7. 
C,,.H,,ON,C,H,O,N, requires C, 52:2; H, 3-4%). 

5-A mino-1-methyl-2-pyridone.—(a) Reduction of 1-methyl-5-nitro-2-pyridone (Rath, Annalen, 
1930, 484, 52) by conventional methods led to difficulties at the isolation stage as a result of the 
high solubility of the base in water (cf. Prill and McElvain, Org. Synth., Coll. Vol. II, p. 421). 
The preparation of 5-amino-l-methyl-2-pyridone in aqueous solution was best effected as 
follows (cf. Jacobs and Heidelberger, J. Amer. Chem. Soc., 1917, 89, 1435) : a suspension of the 
nitro-compound (1-5 g.) in hot water (30 c.c.) containing aqueous ammonia (d 0-88; 6 c.c.) was 
added to a boiling solution of ferrous sulphate (24 g.) in water (70 c.c.). Ammonia (d 0-88; 
12 c.c.) was added to the boiling solution in portions of 2 c.c. each. The hot mixture was 
filtered twice and the reddish-blue filtrate (having an intense blue fluorescence) was shown to 
contain 5-amino-1-methyl-2-pyridone, (i) by diazotisation and coupling with alkaline 8-naphthol 
and (ii) by benzoylation (Schotten—Baumann) to 5-benzamido-1-methyl-2-pyridone, which 
separated from ethanol (charcoal) in prisms, m. p. 149—151° (Found: C, 68-9; H, 5-4. 
C,3;H,,.O,N, requires C, 68-4; H, 53%). 

(b) The isolation of the free base was effected by means of the hydrogen-transfer method of 
Linstead, Braude, Mitchell, Woolridge, and Jackman (loc. cit.) as follows : a palladium—charcoal 
catalyst (5%; 1-1 g.; 0-0005 mole of Pd) and cyclohexene (5 c.c.) were added to 1-methyl-5- 
nitro-2-pyridone (1-54 g.; 0-01 mole) in boiling methanol (60 c.c.), and the whole was boiled 
under reflux for 24 hr. The catalyst and the methanol were removed. The residue was dried 
im vacuo over potassium hydroxide, and purified by treatment with charcoal in methanol, 
followed by filtration. Evaporation of the solvent left the 5-amino-l-methyl-2-pyridone as 
a white hygroscopic wax-like solid with a violet tinge (1:35 g.). The base developed a deeper 
colour on standing and gave blue fluorescent solutions in water, methanol, and ethanol. It was 
moderately soluble in benzene but very sparingly soluble in ether. The picrate, prepared in 
methanol, separated in greenish-yellow needles, m. p. 204° (decomp. after darkening at 190°) 
(Found: C, 40-5; H, 3:3. C,H,ON,,C,H,O,N, requires C, 40-8; H, 3-1%). Rath (loc. cit.) 
claimed to have obtained 5-amino-1-methyl-2-pyridone, m. p. 125—126° (decomp.), in a very 
small yield by the reduction of the nitro-compound with tin and hydrochloric acid. 

1-Methyl-5-phenyl-2-pyridone.—The fluorescent aqueous filtrate obtained from 1-methyl- 
5-nitro-2-pyridone (1-5 g.) as described above was boiled to expel free ammonia, and most of 
the free sulphate was removed as barium sulphate. The volume of the resulting solution 
was reduced to 10 c.c., and at 0—5° sodium nitrite (0-56 g.) was added. To the diazotised 
solution was added a mixture of aqueous dimethylamine (25% solution; 3 c.c.) and sodium 
carbonate (1-2 g.) in water (16 c.c.) at 0°. The resulting mixture was stirred at room temperature 
for 1 hr. and then extracted repeatedly with benzene (5 x 100 c.c.). The dried (MgSO,) 
benzene solution was concentrated to 100 c.c. and boiling under reflux was continued for 1 hr. 
while a stream of dry hydrogen chloride was passed in. Dilute aqueous sodium hydroxide 
(10%; 100 c.c.) was added and the benzene layer was separated, washed with water, and 
dried (MgSO,). Removal of the benzene under reduced pressure left in poor yield a low- 
melting solid, which was converted into 1-methyl-5-phenyl-2-pyridone picrate which separ- 
ated from benzene in yellow needles, m. p. 133—134° (Found: C, 52-7; H, 3-65; N, 13-7. 
C,.H,,ON,C,H,O,N, requires C, 52-2; H, 3-4; N, 13-5%). 

5-A cetamido-1-methyl-2-pyridone.—(a) (cf. Haack and Rost, D.R.-P. 596,821). A mixture 
of 5-acetamido-2-methoxypyridine (0-9 g.) and freshly distilled methyl sulphate (0-7 g.) was 
warmed with a little water (4 or 5 drops) and made alkaline with 40% aqueous sodium hydroxide 
(0-5 c.c.). An excess of anhydrous potassium carbonate was added and the whole was extracted 
with acetone. The acetone solution was treated with charcoal and filtered. The residue 
obtained on evaporation separated from light petroleum (b. p. 40—60°) in needles, m. p. 74° 
(Found: C, 47-8; H, 7-0. CgH,O,N,,2H,O requires C, 47-5; H, 6-9%). The m. p. rose to 
96—108° after recrystallisation from boiling benzene—light petroleum. After either product 
was dried in vacuo over potassium hydroxide at 60°, it melted at 147—149° with previous 
shrinking at 137°. The dried product had lost its crystalline form. In the air it reverted to the 


low-melting hydrated form. 
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(b) A mixture of acetic anhydride (10 c.c.) and dry 5-amino-1-methyl-2-pyridone (3-0 g.) 
was heated under reflux for 10 min. and then left overnight. The acetyl derivative was pre- 
cipitated in almost quantitative yield by anhydrous ether. Crystallisation from benzene 
(charcoal) gave 5-acetamido-1-methyl-2-pyridone in needles, m. p. 74—76°, alone and admixed 
with the product prepared by method (a) above (Found: C, 47-9; H, 7-0. CgH,O,N,,2H,O 
requires C, 47-5; H, 6-9%). On storage im vacuo over potassium hydroxide, the water of crys- 
tallisation was lost and the amorphous product had m. p. 150—151° with previous shrinking at 
142° (Found: C, 57-9; H, 6-2. C,sH,)O,N, requires C, 57-8; H, 6-0%). 

Attempts to effect the nitrosation of 5-acetamido-l-methyl-2-pyridone by the method of 
France, Heilbron, and Hey (J., 1940, 369) failed. Reactions of diazotised 5-amino-1-methyl- 
2-pyridone with benzene in presence of (a) sodium hydroxide (cf. Gomberg and Pernert, J. Amer. 
Chem. Soc., 1926, 48, 1372) and (b) sodium acetate (cf. Elks, Haworth, and Hey, J., 1940, 1284) 
failed to yield any 1-methyl-5-phenyl-2-pyridone. 

1-Methyl-3-nitro-2-pyridone.—A mixture of methyl sulphate (13-2 g.), 2-hydroxy-3-nitro- 
pyridine (14-8 g.), and a solution of potassium hydroxide (4 g.) in water (100 c.c.) was shaken 
for 20 min. and then left overnight at room temperature. The precipitated solid was collected, 
washed, and dried, and a further quantity was collected on concentration of the filtrate. Crys- 
tallisation from water gave 1-methyl-3-nitro-2-pyridone (14 g.) in yellow prismatic needles, 
m. p. 175—176° (Found : C, 46-8; H, 3-9. Calc. for C,H,O,N,: C, 46-75; H, 3-9%). Tschit- 
schibabin and Konowalowa (Ber., 1925, 58, 1712) reported m. p. 175—176°, and Gruber (loc. cit.) 
m. p. 171—174° for this compound prepared by a similar method. 

3-A mino-1-methyl-2-pyridone.—This base was prepared in aqueous solution by reduction 
of the nitropyridone with ferrous sulphate and ammonia as described above for the reduction 
of 1-methyl-5-nitro-2-pyridone. In addition, the free base was obtained by the hydrogen- 
transfer method as in the previous example. 3-Amino-l-methyl-2-pyridone thus prepared in 
almost quantitative yield was a white hygroscopic waxy solid having a greenish-blue tinge. 
It was soluble in water, methanol, ethanol, and acetone, sparingly soluble in benzene, and 
almost insoluble in ether. The solutions had a violet colour with a blue fluorescence. The 
picrate separated from methanol in greenish-yellow needles, m. p. 204° (decomp.) (Found : 
C, 41-2; H, 3-4. C,H,ON,,C,H,O,N, requires C, 40-8; H, 3:1%). 3-Amino-1-methyl-2- 
pyridone was also obtained in poor yield by the action of sodium methoxide on 3-amino-2- 
chloropyridine at 160—180° in a sealed tube for 24 hr. (cf. Schickh, Binz, and Schulz, Joc. cit.). 

3-A cetamido-1-methyl-2-pyridone.—3-Amino-1l-methyl-2-pyridone (1 g.) was boiled under 
reflux with acetic anhydride (4 c.c.) for 2 min. and the solution was left overnight at room 
temperature. Addition of ether precipitated 3-acetamido-1-methyl-2-pyridone (1 g.) which 
crystallised from dry benzene (charcoal) in long hygroscopic needles, m. p. 165—166° (Found : 
C, 57-5; H, 5-9; N, 17-0. C,gH,,O,N, requires C, 57-8; H, 6-0; N, 16-9%). This product was 
probably prepared by Schickh, Binz, and Schulz (loc. cit.) by the acetylation of 3-amino-2- 
methoxypyridine under drastic conditions, but they assigned to it the constitution 3-acetamido- 
2-methoxypyridine. 

1-Methyl-3-nitro-4-pyridone.—This compound was prepared from 4-hydroxy-3-nitropyridine 
(4-7 g.) (Bremer, Joc. cit.) as described above for 2-hydroxy-3-nitropyridine. 1-Methyl-3- 
nitro-4-pyridone (4-7 g.) crystallised from water in yellow monoclinic needles, m. p. 235° (Found : 
C, 47-0; H, 4-1. Calc. for C,H,O,N,: C, 46-75; H, 3-9%). It was identical with a sample 
prepared by Bremer’s method by the isomerisation of 4-methoxy-3-nitropyridine, although 
Bremer reported m. p. 220°. 

3-A mino-1-methyl-4-pyridone.—This base was prepared in aqueous solution by reduction 
of the nitro-compound with ferrous sulphate and ammonia, and the free base was prepared in 
almost quantitative yield by the hydrogen-transfer method as described above for the reduction 
of 1-methyl-5-nitro-2-pyridone. 3-Amino-1-methyl-4-pyridone thus obtained separated from 
acetone by cooling with solid carbon dioxide in light yellow needles which were very hygroscopic. 
After being dried in vacuo over potassium hydroxide it melted at 147—148° (Found: C, 57-1; 
H, 6-7. C,H,ON, requires C, 58-1; H, 645%). Absorption of water was rapid, which prob- 
ably accounts for the poor analysis. The picrate separated from methanol in yellow needles, 
4 p- 209—210° (decomp.) (Found: C, 41-0; H, 3-1. C,H,ON,,C,H,O,N, requires C, 40-8; 

, 31%). 

3-A cetamido-1-methyl-4-pyridone.—3-Amino-1-methyl-4-pyridone (1 g.) was acetylated with 
acetic anhydride (5 c.c.) by boiling under reflux for 2 min. and then being kept overnight at 
room temperature. Addition of dry ether precipitated the product (1 g.) which was crystallised 
from benzene (charcoal). Two products were obtained in almost equal quantity, which were 
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separated by hand, (a) short feathery needles, m. p. 150—152° after recrystallisation from 
benzene, which proved to be 3-diacetylamino-1-methyl-4-pyridone (Found: C, 57-7; H, 5-7; 
N, 13-6. Cj9H,,0,;N, requires C, 57:7; H, 5-8; N, 13-4%), and (b) long transparent needles, 
m. p. 185—186° after recrystallisation from benzene, which proved to be 3-acetamido-1-methyl- 
4-pyvidone (Found : C, 57-75; H, 6-4; N, 16-9. C,H, 0,N, requires C, 57-8; H, 6-0; N, 16-9%). 
Both products were soluble in water but were not capable of undergoing diazotisation unless 
previously hydrolysed with boiling hydrochloric acid. 

Attempted Preparation of 1-Methyl-3-phenyl-2- and -4-pyridone.—Attempts to effect reactions 
between (a) the triazen prepared from diazotised 3-amino-l-methyl-2- or -4-pyridone and 
benzene, (b) nitrosyl chloride and 3-acetamido-l-methyl-2- or -4-pyridone, and (c) diazotised 
3-amino-1-methyl-2- or -4-pyridone and benzene in the presence of aqueous sodium hydroxide or 
aqueous sodium acetate, were unsuccessful. 
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The Synthesis of Some Perhydrophenanthrene Derivatives. 


By C. BucHANAN and A. C. RITCHIE. 
[Reprint Order No. 5667.] 


Methods of preparation of tvans-as-octahydro-9-oxophenanthrene have 
been investigated. tvans-anti-trans-Perhydro-9-oxophenanthrene has been 
prepared from the corresponding perhydrodiphenic acid, and cis-anti-trans- 
perhydrophenanthrene-9 : 10-dicarboxylic acid has been obtained and its 
configuration established. 


WHEN this work was undertaken three of the eight possible forms of perhydro-9-oxo- 
phenanthrene had been described (Linstead, Whetstone, and Levine, J. Amer. Chem. Soc., 
1942, 64, 2014). Our intention was to obtain further isomers by hydrogenation of trans- 
as-octahydro-9-oxophenanthrene; but during our experiments similar work was published 
by Linstead and Whetstone (/J., 1950, 1428), and we discontinued ours. We now record 
some of our observations, and other experiments on perhydrophenanthrene derivatives, 

The preparation of trans-as-octahydro-9-oxophenanthrene described by Blumenfeld 
(Ber., 1941, 74, 524) was thoroughly investigated. The first stage is a Diels—Alder reaction 
between 1-phenylbuta-1 : 3-diene and acraldehyde, which, it seems, gave mainly the trans- 
adduct. In later work on the analogous reaction with acrylic acid (Meek, Lorenzi, and 
Cristol, J. Amer. Chem. Soc., 1949, 71, 1830; Ropp and Coyner, idid., p. 1832; Alder, 
Vagt, and Vogt, Annalen, 1949, 565, 135) the product had mainly the cis-configuration. 
In our experience the initial product is mainly the cis-adduct; this was shown by hydro- 
genation to a hexahydro-2-phenylbenzyl alcohol, which was purified by crystallisation of 
its hydrogen phthalate in >70% yield. The purified alcohol, m. p. 67—68°, was oxidised 
to cis-hexahydro-2-phenylbenzoic acid (Gutsche, J. Amer. Chem. Soc., 1948, 70, 4150). 
The cis-aldehyde is readily isomerised by alkali to the trans-form. Alder e¢ al. (loc. cit.) 
suggest that previous workers had obtained ¢rans-derivatives by inversion resulting from 
the formation of the bisulphite compound. We have found that inversion occurs on 
hydrolysis of the bisulphite compound by dilute acid or alkali, but the original cis-con- 
figuration of the aldehyde can be retained if the bisulphite compound is decomposed by 
formaldehyde. 

Blumenfeld (loc. cit.) does not mention the use of a bisulphite compound, and moreover 
he reports that a small-scale hydrogenation with Raney nickel at atmospheric pressure 
and room temperature gave a hexahydro-2-phenylbenzyl alcohol whose 3 : 5-dinitroben- 
zoate melted at 101°. We find that the cis- and the trans-dinitrobenzoate melt at 108° 
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and 82° respectively. Thus the aldehyde obtained by Blumenfeld was the cis-isomer, and 
inversion must have occurred when it was hydrogenated at 180° with Raney nickel, pre- 
sumably of low activity. As expected we found that hydrogenation at this temperature 
gave 2-cyclohexylhexahydrobenzyl alcohol, but at temperatures below 90° the benzene 
nucleus was unattacked. 

When treated with phosphorus pentachloride in chloroform under the conditions 
described by Blumenfeld (loc. cit.), cis-hexahydro-2-phenylbenzyl alcohol gave only a 
hexahydrofluorene, whose structure was confirmed by dehydrogenation to fluorene. On 
similar treatment the trans-alcohol gave a product, which, on first distillation, had the 
b. p. quoted by Blumenfeld for the trans-chloride, but after a few seconds it became coloured, 
and when washed with dilute alkali and redistilled afforded the same hexahydrofluorene 
as the cis-alcohol. However, if all phosphorus compounds are first removed by prolonged 
washing with alkali the trans-chloride is obtained in good yield; it is converted into the 
hexahydrofluorene by distillation with phosphorus pentachloride. The hexahydrofluorene 
is identical with that obtained by Cook and Hewett (/J., 1936, 70) by a Clemmensen reduc- 
tion of the hexahydrofluorenone obtained by cyclisation of the acid chloride of hexahydro- 
2-phenylbenzoic acid. The cis- and the trans-form of this acid give the same product in 
this reaction, but the cis-acid can also be readily cyclised by hydrogen fluoride or concen- 
trated sulphuric acid, whereas the trans-acid cannot. The hexahydrofluorene and hexa- 
hydrofluorenone are thus almost certainly cis-compounds, as suggested by Braude and 
Forbes (/J., 1953, 2209). 

trans-Hexahydro-2-phenylbenzyl chloride was readily converted into trans-2-phenyl- 
cyclohexylacetic acid (Blumenfeld, Joc. cit.), which was also prepared by an Arndt-—Eistert 
reaction with hexahydro-2-phenylbenzoic acid (Gutsche and Johnson, J. Amer. Chem. 
Soc., 1946, 68, 2239). In the latter reaction we obtained better results by forming the 
amide or ester rather than the free acid. 2-Phenylcyclohexylacetic acid was also obtained 
in good yield from 1-phenylcyclohexene by bromination with N-bromosuccinimide followed 
by condensation of the crude bromo-compound with ethyl sodiomalonate. As 1-phenyl- 
cyclohexene has two allyl positions two products might be expected, but hydrolysis, de- 
carboxylation, and hydrogenation of the crude product gave cis-2-phenylcyclohexylacetic 
acid in good yield. Although mainly the cis-acid, and hence cis-as-octahydro-9-oxo- 
phenanthrene are obtained, the trans-ketone can be formed by isomerisation with alum- 
inium chloride (Cook, McGinnis, and Mitchell, J., 1944, 286), and, as the yields are good, this 
affords a convenient method of preparing either ketone. 

In our experiments on the hydrogenation of trans-as-octahydro-9-oxophenanthrene 
reduction was effected by the use of Adams platinum catalyst in ethanol, whereas Linstead 
and Whetstone (/oc. cit.) found that addition of acetic acid was necessary to take hydro- 
genation beyond the octahydrophenanthrol stage. The main product in our experiments 
was, however, a liquid hydrocarbon corresponding to a perhydrophenanthrene, together 
with a few crystals of the cis-anti-trans-perhydro-9-hydroxyphenanthrene, m. p. 132°. 

A possible route to the preparation of a perhydro-9-oxophenanthrene of known con- 
figuration from a known perhydrodiphenic acid was investigated. Methyl hydrogen trans- 
anti-trans-perhydrodiphenate (I) was converted into the corresponding perhydro-9-oxo- 
phenanthrene (IV) by the following stages : 


CO,Me CO,H CO,Me CH,"CO,Me co CH-CO,Me 


Pe i r r ) B 
< e- >> C <C> oie ¢ »—<C > “a <e. 


(I) (II) (IIT) (IV) 


All six possible perhydrodiphenic acids are known (Linstead, J. Amer. Chem. Soc., 1942, 
64, 1991); hence this synthesis might be capable of yielding other stereoisomeric modific- 
ations of the perhydrophenanthrene nucleus. 

Another possible method of preparing a partially hydrogenated phenanthrene derivative, 
with substituents in the 9, or 9 and 10, positions suitable for conversion into a perhydro- 
phenanthrene whose configuration could be established is a Diels-Alder reaction between 
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dicyclohex-l-enyl and a suitable dienophile; e.g., maleic anhydride gives A!?*13-dodeca- 
hydrophenanthrene-9 : 10-dicarboxylic anhydride (V) (Gruber and Adams, J. Amer. Chem. 
Soc., 1935, 57, 2555). In this compound we should expect the hydrogen atoms on Cq}) 
and C (14) to be cts to each other. Hy drogenation over Raney nickel at elevated temperature 
and wa would be expected to give trans-addition and thus produce a cis-anti-trans- 
\, configuration. The corresponding perhydro-9-oxophenanthrenes had not 
He been described when this work was in progress, but Linstead and Whetstone 
eee (loc. cit.) have since obtained one of the two possible forms of this compound. 
. a of the dimethyl ester from (V) gave a perhydrophenanthrene- 
): 10-dicarboxylic ester which was shown to have the cis-anti-trans- 

a4 (V) configuration by degradation to cts-anti-trans-perhydrodiphenic acid. 

A similar route using acraldehyde in place of maleic anhydride seemed unpromising 
because of the low yield reported by Gruber and Adams (loc. cit.). The yield has been 
improved by a modified procedure, and this and other similar reactions are being further 
investigated. 


veniciactapgeasl 

cis-Hexahydro-2-phenylbenzyl Alcohol.—Crude 1: % : 6-tetrahydro-2-phenylbenzaldehyde 
(68 g.), prepared from 1l-phenylbuta-1 : 3-diene and seine (Blumenfeld, Joc. cit.), was 
hydrogenated over Raney nickel (~8 g.) in ethanol (200 c.c.) at 90°/100 atm. After removal 
of the catalyst and solvent the residue (69 g.) distilled at 158—162°/12 mm. This material 
(53 g.) was heated at 100° for 3 hr. with phthalic anhydride (42 g.) in dry pyridine (30 c.c.). 
The product was dissolved in chloroform, and the solution was washed with dilute acid, and dried 
(Na,SO,), and the solvent was evaporated. Crystallisation of the residue from benzene gave 
cis-hexahydro-2-phenylbenzyl hydrogen phthalate (56 g.), m. p. 143—145°. Asample recrystallised 
from benzene had m. p. 145—146° (Found: C, 74:4; H, 6-7. C,,H,,O, requires C, 74-6; H, 
6-5%). Hydrolysis with dilute sodium hydroxide solution gave cis-hexahydro-2-phenylbenzyl 
alcohol, b. p. 162—163°/13 mm., m. p. 67—68° (from light petroleum) (Found: C, 82-1; H, 9-4. 
C,,H,,O0 requires C, 82-1; H, 9-4%). The 3: 5-dinitrobenzoate had m. p. 108—109° (Found : 
C, 62-2; H, 5-4; N, 7-4. C,y9H,.O,N, requires C, 62:3; H, 5-2; N, 7:°3%). Oxidation with 
chromic acid in acetic acid gave cis-hexahydro-2-phenylbenzoic acid, m. p. 76—77° (S-benzyl- 
thiuronium salt, m. p. 152—153°). 

trans-Hexahydro-2-phenylbenzyl Alcohol.—cis-1 : 2: 5 : 6-Tetrahydro-2-phenylbenzaldehyde 
(5 g.) was isomerised to the trans-form by keeping its solution in ethanol (20 c.c.), containing 
1 c.c. of 10% aqueous sodium hydroxide, for 2} days at room temperature. The tvans-aldehyde 
(4 g.), b. p. 148—150°/10 mm., on hydrogenation under the same conditions as for the cis-form, 
gave trans-hexahydro-2-phenylbenzyl alcohol (2-9 g.), b. p. 155—160°/12 mm., m. p. 46—48°. 
The 3: 5-dinitrobenzoate had m. p. 82° (Found: C, 62-1; H, 5-0; N, 7-6%) and the hydrogen 
phthalate m. p. 115—116° (Found: C, 74:9; H, 6-6%). 

cis- and trans-2-cycloHexylhexahydrobenzyl Alcohol.—Hydrogenation of the cis-aldehyde 
(7 g.) in ethanol (100 c.c.) with Raney nickel (1 g.) at 150—160°/100 atm. for 3 hr. gave cis-2- 
cyclohexylhexahydrobenzyl alcohol (4:7 g.), b. p. 156—160°/10 mm., m. p. 62—63-5°. The 
3: 5-dinitrobenzoate had m. p. 145° (from ethanol) (Found: C, 61-2; H, 6°4. CyjgH,,O,N. 
requires C, 61:5; H, 6-7%), and the Pe n phthalate m. p. 132—133° (from benzene) (Found : 
C, 72-9; H, 81. Coli. requires C, 72-9; H, 8-1%). Oxidation with chromic acid in acetic 
acid gave cis-2-cyclohexylhexahydrobenzoic acid, m. p. 85° (Found: C, 74:1; H, 10-5. CygH 9.0, 
requires C, 74:3; H, 10-5%); its p-nitrobenzyl ester had m. p. 68° (Found: C, 696; H, 7:8; 
N, 4:3. CygH,,0,N requires C, 69-6; H, 7-8; N,4:1%). Similarly the trans-aldehyde gave the 
trans-alcohol, b. p. 160—162°/15 mm. [3 : 5-dinitrobenzoate, m. p. 112° (Found: C, 61-7; H, 
6-9%)]. Oxidation gave trans-2-cyclohexylhexahydrobenzoic acid, b. p. 195°/15 mm. [p- 
nitrobenzyl ester, m. p. 70° (Found: C, 69-7; H, 7:6; N, 4:3%)]. 

Hydrolysis of the Bisulphite Compound of cis-1 : 2 : 4 : 6-Tetrahydro-2-phenylbenzaldehyde.— 
The bisulphite compound was boiled with 10°, aqueous sodium carbonate (40 c.c.) for 2 hr., and 
the liberated aldehyde was extracted with ether. The extract was washed with water, dried 
(Na,SO,), and distilled. The fraction boiling at 158—163°/14 mm. gave, on hydrogenation, 
tvans-hexahydro-2-phenylbenzyl alcohol (1-5 g.), which gave a dinitrobenzoate, m. p. 78—80". 
Warming the bisulphite compound for 10 min. with dilute hydrochloric acid (30 c.c.) and treating 


the product as above gave the same alcohol (1-5 g.; 3: 5-dinitrobenzoate, m. p. 79—82°). 
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Repetition of this procedure with 40% aqueous formaldehyde (20 c.c.) in place of hydrochloric 
acid gave finally the cis-alcohol (1-6 g.; 3: 5-dinitrobenzoate, m. p. 108—109°). 

cis-1 : 2: 3:4: 10: 11-Hexahydrofluorene.—(a) To a suspension of phosphorus pentachloride 
(14-8 g.) in purified chloroform (30 c.c.) was added, gradually with shaking, a solution of cis- 
hexahydro-2-phenylbenzyl alcohol (11-4 g.) in chloroform (20 c.c.). After the initial vigorous 
reaction had moderated the mixture was heated on the water-bath for 2 hr., and distilled in 
vacuo. ‘The fraction, b. p. 120—130°/13 mm., was washed with dilute sodium carbonate solution, 
dried, and redistilled, giving cis-1 : 2: 3:4: 10: 11-hexahydrofluorene (7 g.), b. p. 120—123°/11 
mm., }** ]-5547 (Found: C, 90-4; H, 9-2. Calc. for C,;H,,: C, 90-6; H, 9-4%). 

(b) This reaction was repeated with the trans-alcohol (1 g.), phosphorus pentachloride (1-3 g.), 
and chloroform (2-5 c.c.). The first few drops of distillate, after removal of the solvent and 
phosphorus oxychloride, had b. p. 140—150°/12 mm., but the residue darkened rapidly to a deep 
violet colour. Redistillation, after washing with dilute sodium carbonate solution, gave a 
pale mobile hydrocarbon (0-5 g.), b. p. 122—125°/13 mm., nif* 1-5541. The same hydrocarbon 
(0-5 g.) was obtained when tvans-hexahydro-2-phenylbenzyl] chloride (I g.) was slowly distilled 
in vacuo with a little phosphorus pentachloride, and the distillate redistilled after being shaken 
with dilute sodium carbonate solution. 

Dehydrogenation of the hydrocarbon with platinum at 260° gave fluorene, m. p. and mixed 
m. p. 112—113°. 

trans-Hexahydro-2-phenylbenzyl Chloride.—The trans-alcohol (5 g.) in chloroform (25 c.c.) 
was added to phosphorus pentachloride (6-5 g.) in chloroform (13 c.c.), and the foregoing pro- 
cedure was followed. After the solvent and most of the phosphorus oxychloride had been 
removed by warming under reduced pressure, the residue was shaken vigorously for 2 hr. with 
an excess of dilute sodium hydroxide solution. The mixture was extracted with ether, and the 
extract was washed with water, dried (Na,SO,), and distilled, giving trans-hexahydro-2-pheny]- 
benzyl chloride (4-3 g.), b. p. 145—146°/12 mm. (Found: C, 74:5; H, 8-0. Calc. for C,,H,,Cl: 
C, 74:7; H, 82%). 

Cyclisation of cis- and trans-Hexahydro-2-phenylbenzoic Acid.—Cyclisation of the cis-acid 
(1 g.) by the Friedel-Crafts reaction as described by Cook and Hewett (loc. cit.) gave finally the 
semicarbazone (1-05 g.) of cis-1: 2: 3:4: 10: 11-hexahydrofluoren-9-one, m. p. 205—206°. 
Recrystallisation from aqueous alcohol gave colourless needles, m. p. 213——214°, alone or mixed 
with the specimen prepared by Cook and Hewett. Similar treatment of the trans-acid (0-4 g.) 
gave the same semicarbazone (0-45 g.), m. p. 204—-206°. Interaction of the cis-acid (0-5 g.) with 
hydrogen fluoride gave, after standard treatment, the same semicarbazone (0-6 g.; m. p. 204°), 
whereas the tvans-acid was recovered unchanged. 

The cis-acid (0-25 g.) afforded finally the same semicarbazone by warming with (a) concen- 
trated sulphuric acid (2 c.c.) for a few seconds or (b) concentrated sulphuric acid (3 c.c.) and 
acetic acid (1 c.c.) for 15 min. The tvans-acid, under conditions (a) or (b), gave no neutral pro- 
duct, and none of the acid could be recovered. With sulphuric acid (2 c.c.) and acetic acid 
(2 c.c.) no neutral product was obtained, and part of the trans-acid (0-05 g.) was recovered. 
Further dilution of the sulphuric acid by acetic acid gave complete recovery of the tvans-acid. 

2-Phenylcyclohex-2-enylacetic Acid.—1-Phenylcyclohexene and N-bromosuccinimide, in 
absence of a solvent, react violently with evolution of hydrogen bromide and formation of 
diphenyl. 1-Phenylcyclohexene (30-2 g.) was added, gradually with shaking, to a suspension of 
N-bromosuccinimide (34 g.) in carbon tetrachloride (100 c.c.). The mixture, protected from 
moisture by a calcium chloride tube, was gently warmed until a vigorous reaction set in and, 
when this had subsided, the mixture was boiled for 2 hr., left overnight in a refrigerator, and 
then filtered. The last traces of succinimide were removed from the filtrate by several washings 
with ice-cold dilute sodium hydroxide solution and with water. The solution was dried (Na,SO,) 
and distilled, giving 1-phenylcyclohexene (13 g.), b. p. 120°/12 mm., which deposited crystals 
of diphenyl (1-5 g.), m. p. 70°. The residue (14-5 g.), which could not be distilled without 
decomposition, was warmed with a suspension of ethyl sodiomalonate, prepared from ethyl 
malonate (2-78 g.), sodium (1-41 g.), and ethanol (19-6 c.c.). The product, after the normal 
treatment, gave ethyl 2-phenylcyclohex-2-enylmalonate (10 g.), b. p. 158—160°/0-3 mm. (Found : 
C, 71:7; H, 8-1. CygH,,O, requires C, 71-9; H, 7-°9%). Hydrolysis with potassium hydroxide 
(4 g.) in water (2 c.c.) and ethanol (10 c.c.) gave 2-phenylcyclohex-2-enylmalonic acid as plates 
(5-75 g.), m. p. 157—159° (decomp.) (from aqueous ethanol) (Found : C, 68-8; H, 6-5. C,;H,,0, 
requires C, 69-2; H, 6-15%). This acid was decarboxylated to 2-phenylcyclohex-2-enylacetic 
acid (3-4 g.), m. p. 116—118° (from light petroleum) (Found: C, 77:3; H, 7-3. C,,H,,O0, 
requires C, 77:8; H, 7:-4%). 
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Hydrogenation of the above acid over platinum in acetic acid gave cis-2-phenylcyclohexy]l- 
acetic acid. Reduction of the unsaturated acid (0-48 g.) with sodium (2 g.) in boiling amyl 
alcohol (30 c.c.) gave, after the usual procedure, a pale brown solid (0-45 g.) which, on fractional 
crystallisation from benzene and light petroleum, gave cis-2-phenylcyclohexylacetic acid (8 
parts; m. p. 168—169°) and the ¢vans-isomer (1 part; m. p. 109—110°). 

Hydrogenation of trans-as-Octahydro-9-oxophenanthrene.—The ketone was prepared by cyclis- 
ation of tvans-2-phenylcyclohexylacetic acid by concentrated sulphuric acid or by hydrogen 
fluoride. Hydrogenation of the ketone (0-5 g.) in ethanol (30 c.c.) over platinic oxide (0-1 g.) 
at atmospheric pressure until 1 mol. of hydrogen had been absorbed (4 hr.) gave mainly trans- 
as-octahydro-9-phenanthrol (0-32 g.), m. p. 88—91° (from u-hexane), together with a small 
amount of the stereoisomer of m. p. 105° (Linstead, Whetstone, and Levine, Joc. cit., give m. p.s 
90° and 100° respectively). When the reaction was repeated in more dilute solution with less 
catalyst (0-01 g.) the main product was the stereoisomer, m. p. 105°. 

When the ketone (2 g.) and platinic oxide (0-1 g.) in ethanol (50 c.c.) were shaken with 
hydrogen at room temperature and atmospheric pressure, initial reduction was rapid but soon 
became slow, and further portions of catalyst were added during 4 days (to a total of 0-5 g.; 
hydrogen uptake 3-95 mols.). After removal of the catalyst and solvent, the residual oil was 
distilled, to give an almost quantitative yield of a clear liquid, b. p. 160—163°/11 mm. This 
was probably either cis-syn-trans-perhydrophenanthrene or a mixture of this with the cis-anti- 
trans-form (Found : C, 87-6; H, 12-4. Calc. for C,,H,,: C, 87-4; H, 126%). A few colourless 
needles, m. p. 131—132°, which were obtained by crystallisation of the residue from n-hexane, 
were probably identical with one of the cis-anti-trans-perhydro-9-phenanthrols (m. p. 133°) 
isolated by Linstead and Whetstone (loc. cit.). 

trans-anti-trans-Perhydro-9-oxophenanthrene from Perhydrodiphenic Acid.—trans-anti-trans- 
Perhydrodiphenic acid was prepared by hydrolysis of the product of hydrogenation of methyl 
diphenate over Raney nickel at 230°/180 atm. The acid (10 g.) was heated with acetic anhydride 
(100 c.c.) for 20 hr., and the excess of the latter removed by distillation in vacuo. The crude 
anhydride was converted by sodium (3-14 g.) in methanol (150 c.c.) into the methyl hydrogen 
ester (8-5 g.), m. p. 152—154° (from aqueous acetic acid) (Found: C, 67-3; H, 8-9. C,;H.,O, 
requires C, 67-1; H, 8-9%). The half-ester was converted by an Arndt—Eistert reaction into 
methyl tvans-anti-trans-2’-methoxycarbonylmethyldicyclohexyl-2-carboxylate (1-8 g.), b. p. 
155—157°/0-8 mm. (Found: C, 68-7; H, 9-4. Calc. for C,,H,,0,: C, 68-9; H, 9-5%), which 
was converted as described by Bhattacharyya (J. Indian Chem. Soc., 1945, 22, 85) into trans- 
anti-trans-perhydro-9-oxophenanthrene (0-7 g.), b. p. 128—131°/2-8 mm. (oxime, m. p. 225— 
227°). 
cis-anti-trans- Perhydrophenanthrene-9 : 10-dicarboxylic Acid.—A}®*13- Dodecahydrophen - 
anthrene-9 : 10-dicarboxylic anhydride was prepared from dicyclohex-l-enyl and maleic an- 
hydride (Gruber and Adams, loc. cit.). It was recovered unchanged after 3 hours’ boiling with 
excess of methanol, and was esterified by the action of diazomethane on the acid. The methyl 
ester had m. p. 110° (from methanol) (Found: C, 70-7; H, 8-7. C,gH,gO, requires C, 70-6; 
H, 8-6%). Hydrogenation over Raney nickel at 190°/140 atm. for 2 hr. gave dimethyl cis-anti- 
trans-perhydrophenanthrene-9 : 10-dicarboxylate, m. p. 120° (from methanol) (Found: C, 70-1; 
H, 9-2. C,gH,gO, requires C, 70-1; H, 91%). The free acid, obtained by hydrolysis with 
alcoholic potassium hydroxide, had m. p. 164—166° (from benzene-light petroleum) (Found : 
C, 68-3; H, 8-7. C,,H,4O, requires C, 68-6; H, 8-6%). 

The acid (320 mg.) was warmed ,with excess of thionyl chloride (3 c.c.) until evolution of 
hydrogen chloride had ceased. An excess of bromine (0-3 c.c.) was added, and heating continued 
fora further 3hr. The excess of thionyl chloride and bromine was distilled off, finally 7m vacuo, 
water (10 c.c.) was added to the dark residue, and the mixture was heated for 2 hr. The dark 
brown granular solid, obtained on cooling, was separated and crystallised from aqueous methanol, 
to give cis-anti-trans-9 : 10-dibromoperhydrophenanthrene-9 : 10-dicarboxylic acid (360 mg.), 
m. p. 188—192° (decomp.) (Found : C, 43-6; H, 5:3. C,gH,.O,Br, requires C, 43-8; H, 5-0%). 
A solution of the dibromo-acid (210 mg.) in acetone (12 c.c.), with sodium iodide (210 mg.), 
was boiled for 2 hr., diluted with water and extracted with ether. The extract was washed with 
water, dried, and evaporated. Trituration of the residual gum with a little methanol, and 
crystallisation from light petroleum gave  cis-anti-trans-A**-dodecahydrophenanthrene- 
9 : 10-dicarboxylic acid (60 mg.), m. p. 167—168°. The same unsaturated acid was obtained 
by monobromination of the perhydro-ester with bromine in carbon disulphide in presence of a 
trace of iodine, followed by dehydrobromination with alcoholic potassium hydroxide. The 
unsaturated acid (125 mg.) was heated on the water-bath with concentrated nitric acid (1 c.c.) 
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and fuming nitric acid (2 c.c.), and the solution poured on crushed ice. The precipitated solid, 
on recrystallisation from light petroleum, gave cis-anti-tvans-perhydrodiphenic acid (7 mg.), 
m. p. 202—2038° (lit., 206°). 

We thank Professor J. W. Cook, F.R.S., at whose suggestion this work was undertaken, for 
his interest and advice. One of us (A. C. R.) gratefully acknowledges the receipt of a Mainten- 
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Structural Problems in the Indole Group. Part V.* Some 
Derivatives of 2: 3-Diphenylindole. 
By M. W. G. CotpHam, J. W. Lewis, and S. G. P. PLANT. 
[Reprint Order No. 5690.] 


Both 4- and 6-methyl-2 : 3-diphenylindole have been obtained by a Fischer 
reaction from deoxybenzoin m-tolylhydrazone and from the action of 
m-toluidine on benzoin. The former has been unambiguously synthesised by 
decarboxylation of 4-methyl-2: 3-diphenylindole-7-carboxylic acid. The 
possibility of synthesising 1 : 2: 3: 4-tetrahydro-5-methylcarbazole similarly 
from the corresponding carboxylic acid has also been investigated. 2: 3- 
Diphenylindole-4-, -5-, -6-, and -7-carboxylic acids have been prepared by the 
Fischer reaction. The 4- and the 6-carboxylic acid were obtained as a mix- 
ture from deoxybenzoin m-carboxyphenylhydrazone and identified by con- 
version of the latter acid into the known fluorenone-3-carboxylic acid. 


SINCE the cyclisation process can proceed in two directions, ambiguity attaches to the 


structure of the products obtained by an extension to meta-substituted anilines of the 
reaction by which Japp and Murray (J., 1894, 65, 889) prepared 2 : 3-diphenylindole from 
aniline and benzoin. Ritchie (J. Proc. Roy. Soc., N.S.W., 1946, 80, 33) found that only one 
of the two possible products, proved to be 6-methyl-2 : 3-diphenylindole, was formed from 
m-toluidine. Similar ambiguity is associated with the application of the Fischer reaction 
to meta-substituted phenylhydrazines, and, since preliminary experiments showed that a 
mixture, the separation of which proved to be difficult, resulted from deoxybenzoin 
m-tolylhydrazone, it seemed desirable to obtain and examine an authentic sample of 
4-methyl-2 : 3-diphenylindole. For this purpose 7-chloro-4-methyl-2 : 3-diphenylindole (I) 
was prepared from 2-chloro-5-methylaniline by the Japp—Murray reaction in the presence of 
zinc chloride. The use of toluene-p-sulphonic acid as catalyst (cf. Ritchie, Joc. cit.) gave a 
trace of the same product, but with concentrated hydrochloric acid the reaction stopped at the 

Me 

7\  COPh 


| InH-CHPh 


YZ * dG 


(IT) HO,C 


intermediate stage (II). The yields of the indole were, however, small, and it was more con- 
veniently obtained by the Fischer reaction from 2-chloro-5-methylphenylhydrazine. 
Although hydrogen chloride was evolved in attempts to obtain 4-methyl-2 : 3-dipheny]- 
indole from this substance by heating it with palladium-charcoal in hydrogen, nothing pure 
could be isolated from the product. This was surprising in view of the fact that 2: 3- 
diphenylindole was satisfactorily obtained from its 7-chloro-derivative under similar con- 
ditions, which had no effect on 2 : 3-diphenylindole itself and the 6-methyl compound. 
The 7-chloro-2 : 3-diphenylindole was prepared by the Fischer route; attempts to make it 
by the Japp-Murray process with o-chloroaniline under various conditions gave products 
from which nothing crystalline could be obtained. 


* Part IV, J., 1940, 283. 


[1954] Structural Problems in the Indole Group. Part V. 4529 


2 : 3-Diphenylindole-7-carboxylic acid was conveniently prepared in small amounts 
from benzoin in reaction with anthranilic acid and its hydrochloride, by taking advantage of 
the sparingly soluble character of its sodium salt, but the process was wasteful because the 
yields were small and much 2 : 3-diphenylindole was obtained from the product. Attempts 
to obtain the methyl ester similarly from methyl anthranilate failed. Larger quantities 
of the acid were therefore made by the Fischer reaction with o-hydrazinobenzoic acid and 
deoxybenzoin. Decarboxylation of 2: 3-diphenylindole-7-carboxylic acid with copper 
oxide in boiling quinoline gave an unsatisfactory product, but the process was effected by 
heating the acid with soda-lime. 4-Methyl-2 : 3-diphenylindole-7-carboxylic acid (III) was 
accordingly prepared from the less readily available 2-amino-4-methylbenzoic acid through 
the corresponding hydrazine and a Fischer reaction, and converted into 4-methyl-2 : 3- 
diphenylindole by distillation of its sodium salt with soda-lime. 

Ritchie’s method for the preparation of 6-methyl-2 : 3-diphenylindole gave products 
from which, in addition to this substance, very srnall quantities of the 4-methyl compound 
were isolated chromatographically with alumina, but greater amounts of the new isomer 
were extracted from the mixture obtained from a Fischer reaction with deoxybenzoin 
m-tolylhydrazone. Substantial proportions of both isomers were ultimately isolated from 
the latter reaction by separation with the aid of picric acid. 

Decarboxylation of 1: 2:3: 4-tetrahydrocarbazole-8-carboxylic acid by distillation 
with soda-lime (cf. Collar and Plant, /., 1926, 808), even in nitrogen, was found to be accom- 
panied by some dehydrogenation, and the presence of carbazole in the distillate was 
detected by its colour reaction in concentrated sulphuric acid with sodium nitrite. De- 
carboxylation of 1: 2:3: 4-tetrahydro-5-methylcarbazole-8-carboxylic acid (IV), from 


Me HO: . 
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Ho,cL NH 
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2-hydrazino-4-methylbenzoic acid and cyclohexanone, which it was hoped would give 
authentic 1 : 2 : 3: 4-tetrahydro-5-methylcarbazole, was, however, accompanied by another 
difficulty which arose through the formation of the hydroperoxide (V) during working up 
of the product. The tendency of tetrahydrocarbazoles to form peroxides (Beer, McGrath, 
and Robertson, J., 1950, 2118) is known to be well developed in the methyl derivatives 
(Campbell and McCall, J., 1950, 2870; Jones and Tomlinson, J., 1953, 4114). Both the 
Fischer reaction with cyclohexanone m-tolylhydrazone and the action of m-toluidine on 2- 
chlorocyclohexanone (Campbell and McCall, Joc. cit.) should give mixtures of 1: 2:3: 4- 
tetrahydro-5- and -7-methylearbazole, but it has not been possible to obtain the components 
in a pure condition. 

Although 2 : 3-diphenylindole-5-carboxylic acid was obtained unambiguously from 
deoxybenzoin p-carboxyphenylhydrazone, two acids, m. p. 211—213° and 223—225° 
respectively, were isolated through their methyl esters from the product of a Fischer 
reaction with the corresponding m-carboxy-compound. The former, on oxidation and 
hydrolysis, gave 3-amino-4-benzoylbenzoic acid (VI), m. p. 217—218°, which was converted 
into the known fluorenone-3-carboxylic acid, m. p. 302—303° (Campbell and Stafford, /., 
1952, 299, give m. p. 304°). This proved it to be 2 : 3-diphenylindole-6-carboxylic acid, 
for the alternative would have given 3-amino-2-benzoylbenzoic acid, which is known to melt 
at 193—194° (Lawrance, J. Amer. Chem. Soc., 1920, 42, 1877), and fluorenone-l-carboxylic 
acid, m. p. 192—193°. 


EXPERIMENTAL 
Condensation of 2-Chloro-5-methylaniline with Benzoin.—(a) The amine (1:8 g.), benzoin 
(0-75 g.), and concentrated hydrochloric acid (0-2 c.c.) were refluxed for 1 hr. and then extracted 
with ether. When the extract was shaken with very dilute hydrochloric acid until free from 
unchanged amine, dried (MgSO,), and evaporated, and the residue crystallised from ethanol, 
a-(2-chloro-5-methylanilino)deoxybenzoin (0-37 g.), yellow prisms, m. p. 101° (from acetic acid), 
was obtained (Found: C, 75:2; H, 5:2. C,,H,,ONCI requires C, 75-1; H, 5-4%). 
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(b) After a mixture of the amine (1-41 g.), benzoin (1-06), and powdered zinc chloride (0-68 g.) 
had been heated under a reflux condenser at 180° for 1 hr. and then treated as above, the residue 
was adsorbed on alumina from benzene-light petroleum. Elution with the same solvent removed 
first 7-chlovo-4-methyl-2 : 3-diphenylindole (0-3 g.), pale yellow prisms, m. p. 128° (from ethanol) 
(Found: C, 79-6; H, 4-5. C,,H,,NCl requires C, 79-4; H, 5-0%), and then small amounts of 
x-(2-chloro-5-methylanilino)deoxybenzoin and 6-methyl-2: 3-diphenylindole, identified by 
mixed m. p.s. 

Deoxybenzoin 2-Chloro-5-methylphenylhydrazone (4:3 g.), which separated in needles, m. p. 
108°, after an ethanolic solution of molecular proportions of the ketone and hydrazine had been 
boiled for 10 min. (Found: C, 74-9; H, 5-8. C,,H,),N,Cl requires C, 75-3; H, 5:7%), was 
refluxed for a few hr. in acetic acid (54 c.c.) containing concentrated hydrochloric acid (32 c.c.), 
and, when cold, the solid was collected and crystallised from acetic acid; 7-chloro-4-methyl- 
2: 3-diphenylindole, m. p. 127—128°, identical (mixed m. p.) with the above product, was 
obtained in 29% yield. 

7-Chloro-2 : 3-diphenylindole.—A mixture of o-chlorophenylhydrazine (6 g.) and deoxyben- 
zoin (8-25 g.), which had been heated on a steam-bath until clear, solidified on cooling and gave 
the o-chlorophenylhydrvazone in plates (91%), m. p. 80—81°, on recrystallisation from acetic acid 
(Found: C, 74:9; H, 5-9. Cy 9H,,N,Cl requires C, 74-9; H, 5:3%). After the hydrazone (16 
g.) had been refluxed for 3} hr. with acetic acid (300 c.c.) and concentrated hydrochloric acid 
(120 c.c.), and the whole poured into water, the product, when solid, was collected and crystallised 
from acetic acid; 7-chloro-2 : 3-diphenylindole was obtained in plates (51%), m. p. 96—97° 
(Found: C, 79-2; H, 4:7. CygH,,NCl requires C, 79-1; H, 4-6%). When this substance was 
heated with 25% of its weight of palladium—charcoal (10%) in hydrogen at 280—300° for 9} hr., 
and then at 320° for 3 hr., the product extracted with boiling acetone, and the extract diluted 
with water, almost pure 2 : 3-diphenylindole (57%), identified by mixed m. p. with an authentic 
sample, was precipitated. 

1-Acetyl-7-chloro-2 : 3-diphenylindole.—Acety] chloride (1-74 c.c.) was gradually added, with 
vigorous shaking, to 7-chloro-2 : 3-diphenylindole (7-15 g.) in acetone (70 c.c.) containing potas- 
sium hydroxide (1-98 g.) in water (1 c.c.), and the whole was poured into water. When the solid 
was crystallised from methanol, 1-acetyl-7-chloro-2 : 3-diphenylindole was obtained in needles 
(4-04 g.), m. p. 116° (Found: C, 76-1; H, 4:8. C,,H,,ONCl requires C, 76-4; H, 4:6%). After 
a solution of this substance in aqueous-ethanolic potassium hydroxide had been refluxed for | 
hr., addition of water precipitated 7-chloro-2 : 3-diphenylindole, identified by mixed m. p. 

Chromic anhydride (2-13 g.) in a little water was added to the acetyl compound (5-44 g.) in 
acetic acid (80 c.c.), and the whole kept at room temperature for 3 hr., then at 70° for 10 min., 
and poured into water. After the solid had been refluxed for 1 hr. with ethanol (40 c.c.) and 
concentrated hydrochloric acid (20 c.c.), dilution with water precipitated 2-benzamido-3-chloro- 
benzophenone, needles (58%), m. p. 141° (from ethanol) (Found: C, 71-0; H, 4-2. Cy9H,,O,NCl 
requires C, 71-5; H, 4.2%). A mixture of this substance with 15 parts of sulphuric acid (65%) 
was refluxed for 4 hr., poured into water, and made alkaline with ammonia. The precipitated 
2-amino-3-chlorobenzophenone (89%) separated from aqueous ethanol in yellow needles, m. p. 
56—57° (Found: C, 67-7; H, 4:4. C,3H,,ONCI requires C, 67-4; H, 4:3%). 

2 : 3-Diphenylindole-7-carboxylic Acid.—(a) Benzoin (3-6 g.), anthranilic acid hydrochloride 
(3 g.), and anthranilic acid (8-05 g.) were heated at 135—140° for 1 hr. and then at 140—150 
until, after vigorous frothing, it became a viscous brown liquid. The whole was extracted with 
ether, and the extract repeatedly washed with very dilute hydrochloric acid, and then shaken 
vigorously with dilute aqueous sodium hydroxide. The sparingly soluble sodium salt was 
filtered off, and acidification (HCl) of its filtered solution in boiling water precipitated 2 : 3- 
diphenylindole-7-carboxylic acid (12-4% based on the benzoin), needles, m. p. 256° (from acetic 
acid) (Found: C, 80-0; H, 4-9. C,,H,,;0,N requires C, 80-5; H, 48%). The ethereal part of 
the filtrate, on being dried and evaporated, gave 2 : 3-diphenylindole (about 30% based on the 
benzoin). 

(b) After a mixture of deoxybenzoin (0-64 g.) and o-hydrazinobenzoic acid (0-5 g.) had been 
gradually heated to 180° and the product crystallised from acetic acid, deoxybenzoin o-carboxy- 
phenylhydrazone was obtained in yellow needles (93%), m. p. 232° (decomp.) (Found: C, 76-6; 
H, 5-3. C,,H,,0,N, requires C, 76-4; H, 5-5%). After a solution of this hydrazone (2 g.) in 
acetic acid (80 c.c.) containing concentrated hydrochloric acid (25 c.c.) had been refluxed for 4 
hr., 2: 3-diphenylindole-7-carboxylic acid (0-75 g.), m. p. 254—256°, identical (mixed m. p.) with 
the above product, separated on cooling. Its methyl ester separated in plates (0-25 g.), m. p. 
123°, after a solution of the acid (0-5 g.) in methanol (50 c.c.) containing concentrated sulphuric 
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acid (1 c.c.) had been refluxed for 5 hr. (Found: C, 80-6; H, 5-2. C,,H,,O,N requires C, 80-7; 
H, 5:2%). 

Decarboxylation of 2: 3-diphenylindole-7-carboxylic acid (0-6 g.) was effected by heating 
it with soda-lime (2-3 g.) in a distilling flask. Some of the product distilled over and the rest 
was extracted from the residue with acetone, the total yield of 2 : 3-diphenylindole being 58%. 

When 2 : 3-diphenylindole-7-carboxylic acid was oxidised as described for 1-acetyl-7-chloro- 
2: 3-diphenylindole, 2-benzamido-3-benzoylbenzoic acid, needles (50%), m. p. 218° (decomp.) 
(from acetic acid), was obtained (Found: C, 73-6; H, 4:4. C,,H,,;0,N requires C, 73-0; H, 
43%). 

4-Methyl-2 : 3-diphenylindole-7-carboxylic Acid.—The crude hydrochloride of 2-hydrazino- 
4-methylbenzoic acid was prepared from the corresponding amine in 68% yield by a method 
similar to that described in Org. Synth., 1949, 29, 54, for o-hydrazinobenzoic acid hydrochloride. 
The solid (1:5 g., dried at room temperature) obtained by grinding this hydrochloride with 
aqueous sodium acetate was heated with deoxybenzoin (1-95 g.) gradually to 140°. After the 
product had been crystallised from ethanol, deoxybenzoin 2-carboxy-5-methylphenylhydrazone was 
obtained in pale yellow needles (58%), m. p. 226° (Found: C, 76-4; H, 5:8. Cy.HO0,N, 
requires C, 76-7; H, 5-8%). When the hydrazone (3-17 g.) had been refluxed with acetic acid 
(120 c.c.) and concentrated hydrochloric acid (30 c.c.) for 4 hr., 4-methyl-2 : 3-diphenylindole-7- 
carboxylic acid separated, on cooling, in prisms (40%), m. p. 244—-245°. It was characterised as 
its methyl ester, prisms, m. p. 136° (from methanol) (Found: C, 80-9; H, 5-8. C,3H,,0O,N 
requires C, 80-9; H, 5-6%). 

4-Methyl-2 : 3-diphenylindole-—The sodium salt which separated on cooling from a filtered 
solution of 4-methyl-2 : 3-diphenylindole-7-carboxylic acid (2 g.) in boiling aqueous sodium 
hydroxide (15 c.c. of 2-5%) was dried and distilled with crushed soda-lime (6-6 g.). When the 
distillate was crystallised from ethanol, 4-methyl-2 : 3-diphenylindole was obtained in prisms 
(0-42 g.), m. p. 135° (Found: C, 89-1; H, 6-3. C,,H,,N requires C, 89-0; H, 6-0%). 

After a mixture of this substance (0-3 g.), acetic anhydride (2 c.c.), and dry potassium acetate 
(0-3 g.) had been refluxed for 4 hr. and poured into water, crystallisation of the sticky product 
from ethanol gave 1-acetyl-4-methyl-2 : 3-diphenylindole in pale brown needles (0-12 g.), m. p. 
181° (Found: C, 85-0; H, 6-1. C,3H,,ON requires C, 84:9; H, 5-8%). 

The Fischer Reaction with Deoxybenzoin m-Tolylhydrvazone-—A mixture of deoxybenzoin 
(20-9 g.) and m-tolylhydrazine (13-05 g.) was heated in a Claisen flask for 1 hr. at 100° and then 
for a short time at 120—130°. After the addition of powdered, anhydrous zinc chloride (29 g.), 
the temperature was gradually raised during 1 hr. to 230° and a mixture of 4- and 6-methyl-2 : 3- 
diphenylindole (87% yield) was then distilled off at 200—250°/30 mm. and collected as a pale 
brown syrup. When some of this syrup (11-6 g.) was mixed with picric acid (9-4 g.) in hot 
ethanol (75 c.c.), the fairly pure picrate of 6-methyl-2 : 3-diphenylindole, from which the free 
indole was obtained on treatment with alkali, separated on cooling in dark red needles (9-9 g.), 
m. p. 158—163° (Ritchie, Joc. cit., gives m. p. 166°), identified by mixed m. p. The mother- 
liquor, mixed with ether, was shaken with dilute aqueous sodium hydroxide until the picric acid 
had been removed, the ethereal layer dried (Na,SO,) and evaporated, and the residue crystallised 
from acetic acid; 4-methyl-2 : 3-diphenylindole was obtained in prisms (2-3 g.), m. p. 134—135°, 
identical (mixed m. p.) with the substance described above. 

1: 2:3: 4-Tetrahydro-5-methylcarbazole-8-carboxylic Acid.—After crude 2-hydrazino-4- 
methylbenzoic acid hydrochloride (5 g.) and cyclohexanone (2-8 g.) had been shaken with 
aqueous-ethanolic sodium acetate for 10 min. at 70°, and the product crystallised from ethanol, 
the hydvrazone was obtained in almost colourless needles (4 g.), m. p. 198—200° (decomp.) 
(Found: C, 68-4; H, 7-5. C,4H,,0,N, requires C, 68-3; H, 7-3%). When this was heated 
with water (80 c.c.) and concentrated sulphuric acid (20 c.c.) at 100° for 15 min. and the solid 
crystallised from methanol, 1: 2: 3: 4-tetrahydro-5-methylcarbazole-8-carboxylic acid separated 
in pale yellow prisms (1-95 g.), m. p. 244° (Found: C, 73-0; H, 6-7. C,,H,,O,N requires C, 
73-4; H, 6-6%). 

After the acid (1-2 g.) had been distilled with soda-lime (5 g.) in nitrogen and the distillate 
(0-65 g., m. p. 137—145°) crystallised from ethanol, needles, m. p. 140—146°, were obtained, but 
an attempt to effect further purification by recrystallisation from the same solvent was unsuccess- 
ful; dilution of the solution with water gave a red gum which liberated iodine from acidified 
potassium iodide. When the distillate was crystallised first from benzene and then from light 
petroleum, the whole being left overnight, 1: ‘ : 4-tetrahydro-5-methyl-11-carbazolyl hydro- 
peroxide was obtained in prisms, m. p. 125° (decomp.), which liberated iodine from acidified 
potassium iodide (Found: C, 71-5; H, 7-0. C,,;H,,;O,N requires C, 71-9; H, 6-9%). 
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2 : 3-Diphenylindole-5-carboxylic Acid.—Deoxybenzoin p-carboxyphenylhydrazone, orange 
plates, m. p. 217—-218° (from amy] alcohol) (Found: C 76-7; H 6-0%), prepared by heating 
deoxybenzoin (15 g.) with p-hydrazinobenzoic acid (11-7 g.; cf. Org. Synth., loc. cit.) at 160° for 
10 min., was refluxed without purification with acetic acid (800 c.c.) and concentrated hydro- 
chloric acid (250 c.c.) for 4 hr. Part of the 2 : 3-diphenylindole-5-carboxylic acid, prisms (44%), 
m. p. 272° [from acetic acid (charcoal)], separated from the solution on cooling and the rest was 
obtained by precipitation with water (Found: C, 80-2; H, 4-9; N, 4:5. C,,H,,0,N requires 
C, 80-5; H, 4-8; N, 4:5%). The methyl ester separated from methanol in needles, m. p. 248° 
(Found: C, 80-6; H, 5-3%), and the ethyl ester from ethanol in needles, m. p. 223° (Found : 
C, 81:1; H, 5-6. (C,3H,O,N requires C, 80-9; H, 5-6%). 

After 2: 3-diphenylindole-5-carboxylic acid (10 g.) and chromic anhydride (6 g. in a little 
water) in glacial acetic acid (900 c.c.) had been left overnight at room temperature and then 
heated at 70° for 10 min., 4-benzamido-3-benzoylbenzoic acid (6-7 g.), needles, m. p. 268° (from 
cyclohexanone and then anisole), separated (Found: C, 72-9; H, 4:3%). When the latter (5-7 
g.), acetic acid (330 c.c.), and concentrated hydrochloric acid (300 c.c.) were refluxed for 5 hr., 
poured into water, and neutralised with aqueous sodium hydroxide, 4-amino-3-benzoylbenzoic 
acid (3-1 g.), pale yellow needles, m. p. 267° (from anisole), was obtained (Found: C, 69-5; H, 
4-5. C,,H,,O,N requires C, 69-7; H, 4-6%). After sodium nitrite (0-2 g.) in water (2 c.c.) had 
been added to the amine (0-4 g.) in hydrochloric acid (20 c.c. of 18%), the whole was well shaken 
and heated on a steam-bath for 10 min. When the solid was crystallised from ethanol, fluor- 
enone-2-carboxylic acid was obtained in golden-yellow needles (0-2 g.) which sublimed above 
300° without melting (Found: C, 74-5; H, 3-6. Calc. for C,,H,O,: C, 75-0; H, 36%). 

2: 3-Diphenylindole-4- and -6-carboxylic Acid.—Deoxybenzoin m-carboxyphenylhydrazone, 
prisms, m. p. 170—172° (from ethanol), was obtained by slowly heating molecular proportions 
of the ketone and hydrazine (prepared like its isomers referred to above) together to 110°, the 
mixture being kept at that temperature for 10 min. (Found: N, 8-5. C,,H,,0,N, requires N, 
8-5%). When the crude hydrazone (41 g.) had been refluxed for 5 hr. with glacial acetic acid 
(800 c.c.) and concentrated hydrochloric acid (180 c.c.), the whole was poured into water, and the 
precipitate (34 g.) was dried on a steam-bath and refluxed with methanol (600 c.c.) containing 
concentrated sulphuric acid (70 c.c.).. After 1 hr. the solution was cooled and the solid (10-9 g., 
m. p. 226—230°) collected. This was reasonably pure methyl 2 : 3-diphenylindole-6-carboxylate, 
needles, m. p. 232-—-234° (after successive recrystallisations from methanol and benzene) (Found : 
C, 80-6; H, 5-1%). The filtrate was refluxed for a further 8 hr., then poured into water, and the 
solid dissolved in ether. After the ethereal solution had been dried (MgSO,) and evaporated, the 
residue was triturated with a mixture of ethyl acetate (2 vols.) and light petroleum (1 vol.). 
The residual solid was washed with a little ethyl acetate and crystallised from benzene, from 
which methyl 2: 3-diphenylindole-4-carboxylate (5-6 g.; m. p. 164—167°) was obtained; re- 
crystallisation from benzene gave prisms, m. p. 168—170° (Found: C, 80-4; H, 53%). 

After the ester (5-25.g., m. p. 232—-234°) had been refluxed for 14 hr. with potassium hydroxide 
(10 g.) in water (40 c.c.) and ethanol (100 c.c.), the whole was diluted with water (200 c.c.) and 
acidified with concentrated hydrochloric acid. When the solid was dried and crystallised from 
benzene, 2 : 3-diphenylindole-6-carboxylic acid was obtained in needles, m. p. 211—213° (after 
being heated under reduced pressure at 100° for 5 hr.) (Found: C, 80-3; H, 5-0%). Obtained 
similarly from the ester, m. p. 168—170°, 2 : 3-diphenylindole-4-carboxylic acid separated from 
acetic acid in prisms, m. p, 223—-225° (Found: C, 80-3; H, 4-7%). Re-esterification of these 
purified acids gave methyl esters of m. p. 232° and 168° respectively. 

2 : 3-Diphenylindole-6-carboxylic acid (3-5 g.) was oxidised as described above for the 5- 
carboxylic acid except that the product was isolated by pouring the reaction mixture into water, 
and 3-benzamido-4-benzoylbenzoic acid was obtained from acetic acid in almost colourless needles 
(1-4 g.), m. p. 233° (Found: C, 72-8; H, 4:5%). Prepared like the corresponding derivatives 
from 4-benzamido-3-benzoylbenzoic acid, 3-amino-4-benzoylbenzoic acid separated from ethanol 
in yellow needles (60%), m. p. 217—218° (Found: C, 69-9; H, 46%), and fluorenone-3-carb- 
oxylic acid from acetic acid in yellow needles (40%), m. p. 302—303° (Found: C, 75-1; H, 


3°5%). 
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Degradative Studies on Peptides and Proteins. Part I. A New Method 
of Stepwise Degradation of Peptides from the End bearing a Free 
Amino-group, employing N-Acyldithiocarbamates. 


By D. T. E_mMore and P. A. TOSELAND. 
[Reprint Order No. 5694.] 


Alkyl N-acetyldithiocarbamates react with amino-acids and peptides in 
aqueous ethanol or aqueous dioxan at pH 7-5—8-5, and with their esters in 
chloroform, affording N-acetylthiocarbamoy] derivatives. Methyl N-acetyl- 
dithiocarbamate is preferred, since it reacts with amino-acids and peptides in 
solution at room temperature. N-Acetylthiocarbamoyl-peptides and their 
esters, when submitted to a variety of acidic conditions, undergo cyclisation 
and degradation to 2-thiohydantoins, liberating acetic acid and a peptide or 
peptide ester containing one less amino-acid residue. The method has been 
used on a small scale, the 2-thiohydantoin being identified, without isolation, 
by paper chromatography. Methyl N-benzoyldithiocarbamate has also been 
used in a few experiments but is less convenient. 


OnE of the current chemical methods of elucidating the sequence of amino-acids in a poly- 
peptide involves the selective removal of either of the terminal amino-acids in the form of a 
derivative which can be readily separated and characterised. Ideally, the process should 
result in the cleavage of a controlled number (usually one only) of peptide bonds and should 
be capable of repetition, so that the polypeptide may be degraded stepwise, with identi- 
fication of the fission product at each stage. A number of methods for such degradation 
of peptides from the end bearing a free amino-group have recently become available (Levy, 
J., 1950, 404; Léonis and Levy, Bull. Soc. Chim. biol., 1951, 38, 779; Edman, Acta Chem. 
Scand., 1950, 4, 283; 1953, 7, 700; Khorana, Chem. and Ind., 1951, 129; Kenner and 
Khorana, ]., 1952, 2076; Holley and Holley, 7. Amer. Chem. Soc., 1952, 74, 5445; Wessely, 
Schlégl, and Korger, Nature, 1952, 169, 708; Monatsh., 1952, 83, 1156; Wessely, Schlégl, 
and Wawersich, ibid., pp. 1426, 1439). Of these, Edman’s method has been most widely 
employed and various modifications have been proposed (H. Fraenkel-Conrat and J. 
Fraenkel-Conrat, Acta Chem. Scand., 1951, 5, 1409; Dahlerup-Peterson, Linderstrom- 
Lang, and Ottesen, zbid., 1952, 6, 1135; Ottesen and Wollenberger, Nature, 1952, 170, 801 ; 
Landmann, Drake, and Dillaha, J]. Amer. Chem. Soc., 1953, 75, 3638; Fox, Hurst, and 
Warner, zbtd., 1954, 76, 1154; Reith and Waldron, Biochem. J., 1954, 56, 116) in attempts 
to overcome a number of practical difficulties (for discussions see Rovery and Desnuelle, 
Bull. Soc. Chim. biol., 1954, 36, 95; Edman, ‘“‘ The Chemical Structure of Proteins,” J. and 
A. Churchill Ltd., London, 1953, p. 98; H. Fraenkel-Conrat, of. cit., p. 102). In a further 
effort to provide an adequate technique for the stepwise removal of N-terminal amino- 
acids from peptides and proteins, we have developed the method described herein and 
reported briefly elsewhere (Elmore and Toseland, Chem. and Ind., 1953, 1227). 

Our objective was a reagent which would react under mild conditions with amino-groups 
of peptides and proteins to the exclusion of thiol and hydroxyl groups, and would be such 
that wide variations of structure could be used to facilitate the identification of all the 
amino-acids which might occur as N-terminal residues (Kenner and Khorana, oc. cit., had 
the same object). Moreover, it was essential that the peptide derivative should be 
cleaved under mild conditions furnishing the N-terminal amino-acid in a form which 
required no further chemical treatment before identification and quantitative determination. 
Accordingly, we examined N-acyldithiocarbamates. It is known (Wheeler, Nicolet, and 
Johnson, Amer. Chem. J., 1911, 46, 456) that ethyl N-acetyl- or N-benzoyl-dithiocarbamate 
reacts under rather vigorous conditions with amino-acids in water, and more readily with 
their esters in non-aqueous solution, affording N-acylthiocarbamoylamino-acids (1) or 
their esters. These when heated with strong acid suffered ring-closure and cleavage of 


4534 Elmore and Toseland: Degradative Studies on 


the N-acyl group, yielding 2-thiohydantoins. These results were confirmed and it was 
further demonstrated that the initial condensation with amino-acids and peptides pro- 
ceeded smoothly at room temperature if the more reactive methyl N-acyldithiocarbamates 
were employed (cf. Kenner and Khorana, /oc. cit.) in aqueous alcohol or aqueous dioxan at 
constant pH, the necessary alkali being added by means of an autotitrator. Optimum 
results were obtained at pH 7-5—8-5; below this, reaction was very slow, and at pH 9 
hydrolysis of the N-acyldithiocarbamate became noticeable. Methyl N-acetyldithio- 
carbamate proved more satisfactory than methyl N-benzoyldithiocarbamate since the 


S 
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former and its peptide products are the more soluble in the solvents concerned. Other 
N-acyldithiocarbamates, however, have been synthesised and their reactions will be 
reported later. 

N-Acylthiocarbamoy] derivatives of amino-acids, peptides, and their esters have been 
obtained in yields of usually at least 80% and cyclised and degraded under a variety of 
conditions of acid catalysis. N-Acylthiocarbamoy] derivatives of amino-acids and their 
esters are more difficult to cyclise than the corresponding peptide and peptide-ester deriv- 
atives, and 2-thiohydantoins were not formed under the mild conditions which sufficed for 
the stepwise degradation of peptides. Many N-acylthiocarbamoyl-peptides were degraded 
in dry nitromethane saturated with dry hydrogen chloride (Edman, Acta Chem. Scand., 
1950, 4, 283; Khorana, loc. cit.; Kenner and Khorana, Joc. cit.) but sometimes they were 
too insoluble (cf. similar observations by earlier workers). Alternatively, glacial acetic 
acid saturated with dry hydrogen chloride was employed (Edman, Acta Chem. Scand., 1953, 
7, 700) and this proved more satisfactory. In both systems, however, cyclisation and 
degradation proceeded stepwise : initially, 3-acyl-2-thiohydantoins (II) were formed and in 
some cases these have been isolated and characterised ; they will be described later. After 
prolonged degradation the parent 2-thiohydantoins were isolated in reasonable yield. Two 
variations of this procedure have been investigated. First, after a short treatment with 
glacial acetic acid saturated with hydrogen chloride, the resultant 3-acyl-2-thiohydantoins 
could be hydrolysed to 2-thiohydantoins by hot dilute acetic acid. Secondly, degradation 
to 2-thiohydantoins is faster in glacial acetic acid saturated with hydrogen chloride con- 
taining 10°, of water (idem, loc. cit). Finally, degradation was also performed in dilute 
hydrochloric or sulphuric acids (pH 1) at 65° (Ottesen and Wollenberger, Joc. cit.) or more 
slowly at 37°; this procedure always yielded 2-thiohydantoins, cleavage of the 3-acyl group 
presumably occurring rapidly in aqueous systems, a result not unexpected, since | : 3- 
diacetylhydantoin is readily hydrolysed by boiling water to 1-acetylhydantoin (Siemonsen, 
Annalen, 1904, 333, 101). 

In general, 2-thiohydantoins were identified by analysis, melting points, mixed melting 
points, and paper chromatography (Edward and Nielsen, Chem. and Ind., 1953, 197). 
After reaction in a non-aqueous system, the degraded peptide was isolated as its hydro- 
chloride and identified by melting point and paper chromatography. After degradation in 
dilute hydrochloric acid, however, the product was not isolated but was characterised by 
chromatography. 

In addition, a number of small-scale degradations were carried out. The peptide was 
first brought into reaction with methyl N-acetyldithiocarbamate and the derivative 
degraded without isolation in dilute hydrochloric acid (pH 1) at 65° for 12—24 hr., the 
products being separated and then identified by paper chromatography. 


Peptides and Proteins. Part I. 4535 


EXPERIMENTAL 


Methyl and ethyl N-acetyl- and N-benzoyl-dithiocarbamates were prepared by Wheeler and 
Merriam’s method (J. Amer. Chem. Soc., 1901, 23, 289). 

Benzyloxycarbonyl-pi-norleucylglycylglycine Ethyl Ester.—(a) (With F. B. FALKINGHAM) 
(cf. Anderson, Blodinger, Young, and Welcher, J. Amer. Chem. Soc., 1952, 74, 5304.) Glycyl- 
glycine ethyl ester hydrochloride (0-98 g.), suspended in anhydrous ether (30 c.c.), was shaken 
with triethylamine (1-01 g.), followed by diethyl phosphorochloridite (0-78 g.) in anhydrous 
ether (30 c.c.), then cooled to 0° for 30 min. and kept at room temperature overnight with ex- 
clusion of moisture. The solution was filtered, solvent removed under reduced pressure, and 
toluene (15 c.c.) and benzyloxycarbonyl-pL-norleucine (1-33 g.) were added. After the whole 
had been heated under reflux for 45 min., toluene was removed under reduced pressure. The 
brown solid residue was washed once with 10% sodium hydrogen carbonate solution and twice 
with water; two recrystallisations from aqueous ethanol gave a pure product (1:56 g., 77%), 
m. p. 118°. 

(b) (cf. Anderson, Blodinger, and Welcher, ibid., p. 5309.) Benzyloxycarbonyl-pL-nor- 
leucine (2-65 g.) and glycylglycine ethyl ester hydrochloride (1-98 g.) were shaken with diethyl 
hydrogen phosphite (10 c.c.) and tetraethyl pyrophosphite (3-4 g.) with exclusion of moisture. 
Triethylamine (1-01 g.) was added, the mixture was heated at 90—100° for 1 hr. and then 
poured into water. The product was extracted with ethyl acetate and washed with 5% sodium 
hydrogen carbonate solution, N-hydrochloric acid, and water. The solution was dried and 
evaporated to half its bulk under reduced pressure, and the product (2-8 g., 69%; m. p. 118°) 
caused to crystallise by the addition of light petroleum (b. p. 40—60°) (Found : C, 59-0; H, 7-1; 
N, 9:9. Cy9H.,O,N, requires C, 58-9; H, 7-2; N, 10-3%). 

Benzyloxycarbonyl-p1i-norleucylglycylglycine.—The foregoing ester (2-25 g.) was dissolved in 
50% aqueous acetone (10 c.c.) and N-sodium hydroxide (9 c.c.) was added. After being kept 
at room temperature for 15 min., the solution was acidified to pH 1. Acetone was removed under 
reduced pressure and the residual solution extracted continuously with ethyl acetate. The 
extract was dried and evaporated to small bulk; the product (1-2 g., 57%), precipitated by the 
addition of light petroleum (b. p. 40—60°) and recrystallised from a small volume of ethyl 
acetate, had m. p. 144° (Found: C, 56-6; H, 6-7; N, 11-0. C,,H,;0,N, requires C, 57-0; 
H, 6-6; N, 111%). 

pL-Norleucylglycylglycine.—Benzyloxycarbonyl-ptL-norleucylglycylglycine (1 g.) was hydro- 
genated in methanol containing a few drops of acetic acid with a palladium catalyst. When 
recrystallised from aqueous ethanol the pure peptide (420 mg., 65%) had m. p. 207—210° 
(decomp.) (Found: C, 48-7; H, 7-5; N, 17-0. Cy 9H ,,0,N, requires C, 48-9; H, 7-8; N, 17-1%). 
On a paper chromatogram (Whatman No. 1) irrigated with n-butanol—acetic acid—water (4 : 1 : 5) 
it ran as a single spot (Ry 0-55). 

N-Acylthiocarbamoylamino-acid Esters.—The procedure of Wheeler, Nicolet, and Johnson 
(loc. cit.) was used to prepare N-acetyl- (79%; m. p. 102°) and N-benzoyl-thiocarbamoylglycine 
ethyl ester (65%; m. p. 128—129°), and N-benzoylthiocarbamoylalanine ethyl ester (62%; m. p. 
120-5°) (Found: C, 56-0; H, 5-6; N, 10-4; S, 11-7. C,,;H,,0,;N,S requires C, 55-7; H, 5-7; 
N, 10-0; S, 11-4%). 

N-Acetylthiocarbamoylglycylglycine Ethyl Ester.—Glycylglycine ethyl ester hydrochloride 
(1-9 g.) was suspended in dry chloroform (40 c.c.) and stirred at 0°; triethylamine (1-01 g.) was 
added dropwise during 15 min. The solution was filtered and ethyl N-acetyldithiocarbamate 
(1-8 g.) added; needles of N-acetylthiocarbamoylglycylglycine ethyl ester (2-7 g., 83%), m. p. 112°, 
were deposited during 2 days. This was recrystallised from ethanol for analysis (Found: C, 
41-6; H, 5-9; N, 15-8. C,H,,O,N,S requires C, 41-4; H, 5-8; N, 16-1%). 

Degradation of this compound (500 mg.) in nitromethane—hydrogen chloride (10 c.c.) for 
4 hr. at 0° afforded glycine ethyl ester hydrochloride (105 mg., 39%), m. p. 138—139°. The 
filtrate was evaporated under reduced pressure, water was added, and the aqueous solution was 
extracted with ether. After evaporation of the ether crystallisation of the residue from aqueous 
ethanol gave 2-thiohydantoin (151 mg., 68%), m. p. and mixed m. p. 222—224° (decomp.) ; 
paper chromatography (see below) confirmed its identity. 

N-Benzoylthiocarbamoylglycylglycine Ethyl Ester —This compound (yield 80%), prepared as 
above, had m. p. 155° (Found: C, 51:6; H, 5-6; N, 12-9; S, 9-8. C,,4H,,0,N,S requires C, 
52:0; H, 5:3; N, 13-0; S, 9-9%). 

General Method of Preparation of N-Acylthiocarbamoyl Derivatives of Amino-acids and 
Peptides —The amino-acid or peptide was dissolved in water (1—2 c.c. per millimol.) and a 
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solution of methyl N-acyldithiocarbamate (2:5—4-0 millimols.) in ethanol or dioxan (2—4 c.c. 
per millimol. of amino-acid or peptide) added thereto. The ratio of organic solvent to water was 
varied in individual cases; in certain instances, when the solubilities of N-acyldithiocarbamate 
and peptide were such that both could not be dissolved at one time, it was preferable to keep the 
latter completely in solution and allow the former to remain in suspension. Reaction was 
conducted at room temperature and at a constant pH (7:-5—8-5) by means of a Beckmann 
autotitrator, and was usually complete in 14—3 hr. The solution was then evaporated under 
reduced pressure to small bulk and diluted with water, and excess of N-acyldithiocarbamate was 
extracted with ether. The aqueous solution was then evaporated to small bulk under reduced 
pressure and acidified to pH 1, and the product extracted with ethyl acetate. Frequently, the 
N-acylthiocarbamoyl-peptide separated from aqueous solution, but extraction with ethyl 
acetate was still necessary for maximal yields. The ethyl acetate solution was dried and 
evaporated to about one-fourth of its bulk, and the product caused to crystallise by the addition 
of light petroleum (b. p. 40—60°). 

N-Acylthiocarbamoylamino-acids.—N-Acetylthiocarbamoylglycine, prepared by the method 
of Wheeler, Nicolet, and Johnson (/oc. cit.) (yield 52%), had m. p. 201—202°, and by the method 
described above (yield 60%) m. p. 198—200°. N-Benzoylthiocarbamoylglycine was similarly 
derived by the two methods (yields 79% and 75%), m. p. 199—200° and 201—203° respectively. 

N-A cetylthiocarbamoylglycyiglycine (1; R = Me, R’ = R” = H) was obtained in 71% yield 
by the general procedure outlined above. Recrystallised from ethyl acetate-light petroleum 
(b. p. 40—60°) it had m. p. 214—216° (Found : C, 35-9; H, 4:7; N, 17-9. C,H,,0,N,5S requires 
C, 36-0; H, 4-8; N, 18-0%). 

Degradative studies were carried out as follows : 

(i) Dry hydrogen chloride was bubbled through a suspension of N-acetylthiocarbamoylglycyl- 
glycine (450 mg.) in anhydrous nitromethane (4 c.c.), at room temperature; the whole was 
shaken for 8 hr. and then left overnight at 0°. Glycine hydrochloride (128 mg., 60%), 
m. p. 176—178°, was collected, the filtrate evaporated to dryness, and the residual oil warmed 
with 2Nn-acetic acid (5 c.c.) for 2 hr. On cooling, crystals of 2-thiohydantoin [121 mg., 54%; 
m. p. and mixed m. p. 222—224° (decomp.)] separated. Both products were further charac- 
terised by paper chromatography. 

(ii) N-Acetylthiocarbamoylglycylglycine (500 mg.) was added to glacial acetic acid (7 c.c.) 
previously saturated at room temperature with dry hydrogen chloride. The solution was shaken 
for 5 hr. and set aside overnight. Glycine hydrochloride (140 mg., 59%), m. p. 179—180°, was 
collected and the filtrate was evaporated under reduced pressure to dryness. The residue 
crystallised from 2N-acetic acid, yielding 2-thiohydantoin (128 mg., 52°), m. p. and mixed m. p. 
224—226° (decomp.). 

(iii) N-Acetylthiocarbamoylglycylglycine (54 mg.), in acetic acid saturated with hydrogen 
chloride and then diluted with 10% v/v of water (2 c.c.), was kept overnight at room temperature. 
Solvent was removed, and the residue crystallised from water, giving 2-thiohydantoin (16 mg., 
59%), m. p. 220—222° (decomp.). 

(iv) A solution of N-acetylthiocarbamoylglycylglycine (400 mg.) in dilute hydrochloric acid 
(7 c.c.) at pH 1 was kept for 24 hr. at 65°. After continuous extraction with ether for 4 hr. 
followed by concentration of the extract to dryness, 2-thiohydantoin [105 mg., 538%; m. p. and 
mixed m. p. 220—223° (decomp.)] crystallised from 2N-acetic acid. 

N-Acetylthiocarbamoyl-pi-alanylglycine (1; R = R’ = Me, R” = H) was obtained in nearly 
quantitative yield from pt-alanylglycine. Recrystallised from ethyl acetate—light petroleum 
(b. p. 40—60°), it had m. p. 206° (Found: C, 38-7; H, 5-4; N, 16-8. C,H,,;0,N,S requires 
C, 38-9; H, 5-3; N, 17-:0%). Degradation in glacial acetic acid saturated with hydrogen 
chloride for 40 hr. afforded glycine hydrochloride (70%) and 5-methyl-2-thiohydantoin (64%), 
m. p. 157° (Found: C, 36-6; H, 4:5; N, 21-2. Calc. for C,H,ON,S: C, 36-9; H, 4:6; N, 
21-5%). Degradation in dilute hydrochloric acid (pH 1) at 65° gave only 48% of the expected 
yield of 5-methyl-2-thiohydantoin. 

N-A cetylthiocarbamoylglycyl-pi-alanine (1; R = R’ = Me, R’ = H) was prepared in the 
usual manner in 80% yield and, recrystallised from ethyl acetate-light petroleum (b. p. 40—60°), 
had m. p. 192° (Found: C, 38-6; H, 5:2; N, 16-9. CgH,,;0,N,5 requires C, 38-9; H, 5-3; 
N, 17:0%). When degraded in glacial acetic acid saturated with hydrogen chloride (40 hr.), it 
gave DL-alanine hydrochloride (72%), m. p. 199—201°, and 2-thiohydantoin (60%), m. p. 
220—223° (decomp.). 

N-Acetylthiocarbamoylglycyl-pi-valine (I; R = Me, R’ = H, R” = Pr'), obtained (83%) in 
the usual manner and recrystallised from ethyl acetate-light petroleum (b. p. 40—60°), had 
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m. p. 173—174° (Found: C, 43-4; H, 6-2; N, 14-9. C,)9H,,0,N,S requires C, 43-6; H, 6-2; 
N, 15:3%). In dilute hydrochloric acid (pH 1) at 65° for 12 hr., it yielded 2-thiohydantoin 
(41%), m. p. 222—-224° (decomp.). 

N-Acetylthiocarbamoyl-pi-phenylalanylglycine (1; R = Me, R’ = Ph°CH,, R’’ = H) was 
obtained (80%) as an oil which slowly crystallised from ethyl acetate—light petroleum (b. p. 
40—60°), then having m. p. 184—185° (Found: C, 52-2; H, 5-4; N, 12-9. C,,H,,0,N,S 
requires C, 52-0; H, 5-3; N, 13-00%). Degradation in dilute hydrochloric acid (pH 1) at 37° 
for 48 hr. gave 5-benzyl-2-thiohydantoin (45%), m. p. 176° (Found: C, 58-0; H, 4-8; N, 13-6. 
Calc. for CygH,,ON,S: C, 58-2; H, 4:9; N, 136%). Swan (Austral. J. Sci. Res., 1952, A, 5, 
734) gives m. p. 180—182° but a sample prepared according to his directions, in our hands, had 
m. p. 175°, undepressed by admixture with the specimen obtained from degradation; Kenner, 
Khorana, and Stedman (J., 1953, 673) found that 5-benzyl-2-thiohydantoin, obtained by step- 
wise removal of the C-terminal amino-acid from N-toluene-p-sulphonylglycylphenylalanine had 
m. p. 175—182°. 

N-Acetylthiocarbamoyl-pL-norleucylglycylglycine was obtained only as an oil, in 65% yield, 
from piL-norleucylglycylglycine. It was degraded in dilute sulphuric acid (pH 1) at 37° for 40 hr. 
and the resultant solution was extracted continuously with ether for 8 hr. After evaporation of 
the ether extract to dryness, the residue was warmed with 2n-acetic acid on the steam-bath for 
1 hr. On cooling, 5-n-butyl-2-thiohydantoin (42%), m. p. 122—124°, crystallised. It was 
recrystallised twice from aqueous ethanol and then had m. p. 131°, undepressed on admixture 
with an authentic specimen (Jackman, Klenk, Fishburn, Tullar and Archer, J. Amer. Chem. 
Soc., 1948, 70, 2884) (Found: C, 48-4; H, 7:0; N, 16-5. Calc. for C,H,,ON,S: C, 48-8; H, 
7-0; N, 163%). The aqueous extract after removal of 5-n-butyl-2-thiohydantoin was evap- 
orated under reduced pressure to 5 c.c., the pH value adjusted to 8-0, and reaction with methyl 
N-acetyldithiocarbamate conducted in the usual manner. N-Acetylthiocarbamoylglycylglycine 
(10% based on original peptide), m. p. 208—210°, was isolated, identical with that obtained from 
glycylglycine. 

N-Benzoylthiocarbamoylglycylglycine (1; R= Ph, R’ = R” = H), prepared in the usual 
manner in 79% yield, had m. p. 227° (Found: C, 48-6; H, 4-8; N, 13-8. C,,H,,;0,N,5 requires 
C, 48-8; H, 4:4; N, 14:2%). In dilute sulphuric acid (pH 1) at 37° for 3 days, it afforded 
2-thiohydantoin (14%), m. p. 219—224° (decomp.), mixed m. p. 222°. 

Small-scale Stepwise Degradation of Peptides ——Glycyl-pi-valine, pi-phenylalanylglycine, 
or pL-norleucylglycylglycine (10 mg.) was treated with methyl N-acetyldithiocarbamate in the 
usual way. The solution was then acidified to pH J] and kept at 65° for 12—24 hr. The resul- 
tant 2-thiohydantoin derivative was extracted into ether and this as well as the degraded peptide 
were identified by paper chromatrography. Satisfactory results were in general obtained, 
although in the case of pt-norleucylglycylglycine the peptide resulting from degradation was 
contaminated with pi-norleucine which presumably arose from the slow hydrolysis of 5-n-butyl- 
2-thiohydantoin in acid solution. 

Paper Chromatographic Techniques.—2-Thiohydantoins were identified on descending paper 
chromatograms (Whatman No. 1) irrigated with u-butanol saturated with water (Edward and 
Nielsen (loc. cit.), markers being run in every case. 3-Acyl-2-thiohydantoins, when present, were 
thus readily differentiated from the parent 2-thiohydantoin. Chromatograms were viewed, or 
photographed on Ilford Reflex Document Paper No. 50, in ultra-violet light (2537 A) (cf. 
Holiday and Johnson, Nature, 1949, 163, 216; Markham and Smith, ibid., p. 250). 

Amino-acids and peptides arising from degradations were identified by chromatography in 
n-butanol-acetic acid-water (4: 1:5). Markers were run and spots were located by spraying 
with 0-1% ninhydrin in acetone. 


The authors thank Professor R. D. Haworth, F.R.S., for his interest and encouragement, 
Professor H. A. Krebs, F.R.S., and Dr. D. E. Hughes, for loan of apparatus, and Imperial 
Chemical Industries, Limited, for financial assistance. 
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8-Aroylpropionic Acids. Part I11.* Further Observation on the 
Fries Rearrangement. 


By W. I. Awap, F. G. Bappar, and A. E. MARE. 
[Reprint Order No. 5585.] 


Phenyl and o-tolyl hydrogen succinate give a mixture of o- and p-hydroxy- 
keto-acids when heated with anhydrous aluminium chloride in nitrobenzene 
or s-tetrachloroethane, whereas p- and m-tolyl hydrogen succinate give only 
o-hydroxy-keto-acids. «- and 8-Naphthyl hydrogen succinate give, in s-tetra- 
chloroethane §-(1-hydroxy-2-naphthoyl)- and §-(2-hydroxy-1-naphthoyl)- 
propionic acid, respectively. When the solvent used in this rearrangement 
is susceptible to the electrophilic attack a certain amount of non-phenolic 
8-aroylpropionic acid is formed. 


In continuation of the study of the mechanism of the Fries rearrangement (cf. Baddar 
and El-Assal, J., 1950, 3606) a systematic investigation has been made of the effect of the 
medium on the rearrangement of phenyl, 0-, m-, p-tolyl, and «- and $-naphthyl hydrogen 
succinate (I) in presence of anhydrous aluminium chloride under standardised conditions. 

In nitrobenzene or s-tetrachloroethane phenyl and o0-tolyl hydrogen succinate gave a 
mixture of o- and p-hydroxy-keto-acids (III and VI, respectively), but p- and m-tolyl 
hydrogen succinate gave only an o-hydroxy-keto-acid (III). «-Naphthyl hydrogen 
succinate gave mainly §$-(1-hydroxy-2-naphthoyl)propionic acid, but a trace of #-(I- 
hydroxy-4-naphthoyl)propionic acid (cf. Berliner, Daniels, and Surmacka, J. Amer. Chem. 
Soc., 1951, 78, 4970) was isolated when nitrobenzene was used as a solvent; in s-tetra- 
chloroethane or toluene another acid, m. p. 94°, was isolated, probably 6-(1-hydroxy-8- 
naphthoyl)propionic acid since it gave with ferric chloride a violet colour. From $-naphthy] 
hydrogen succinate only 8-(2-hydroxy-1-naphthoyl)propionic acid (cf. Berliner et al., loc. cit.) 
was isolated. 

With phenyl and o-tolyl hydrogen succinate the higher the dipole moment of the 
medium the greater was the proportion of the p-hydroxy-keto-acid (VI) (cf. the results 
with tetrachloroethane and nitrobenzene; Table 2). Similarly, from «-naphthyl hydrogen 
succinate a trace of $-(1-hydroxy-4-naphthoyl)propionic acid was obtained only when 
nitrobenzene was used as a medium (cf. Table 3). 

When boiling benzene was used as a medium the esters studied in the present investig- 
ation were recovered unchanged. 

Contrary to the report by Berliner e¢ al. (loc. cit.), a mixture of 6-naphthol and succinic 
anhydride with aluminium chloride under their conditions gave a mixture of @-naphthy! 
hydrogen succinate and §-(2-hydroxy-l-naphthoyl)propionic acid in which the former was 
predominant. It seems that the procedure adopted by these authors for the separation 
of the product caused complete hydrolysis of the ester, since it is easily hydrolysed 
especially in alkaline medium. 

Raval, Bokil, and Nargund (J. Univ. Bombay, 1938, 7, 184) considered that reaction 
between phenol, o-, m-, and p-cresol, and succinic anhydride in presence of aluminium 
chloride in tetrachloroethane proceeded by Friedel-Crafts mechanism. However, it was 
found in the present investigation that succinic anhydride and phenol or m- or f-cresol in 
tetrachloroethane at 0° afforded the corresponding hydrogen succinate. This shows that in 
the experiments of Raval et al. some of the ester was formed as an intermediate which 
rearranged to the hydroxy-keto-acid, .e., the process is probably a combination of the 
Fries and the Friedel-Crafts reaction. 

However, when a mixture of o-cresol and succinic anhydride was similarly treated, no 
ester was formed. 

Berliner et al. (loc. cit.) discussed whether the succinoylation of the naphthols under 
their conditions took place by direct substitution or by a Fries rearrangement : we believe 


* Part II, J., 1951, 431. 
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that it is by direct substitution, since «- and $-naphthyl hydrogen succinate were 
recovered unchanged when treated under similar conditions. 

The results of the present investigation showed that the ester (I) combines with 
aluminium chloride to give the complex (II), which either rearranges to give (III) by intra- 
molecular rearrangement involving x-complexes (cf. Dewar, ‘‘ Electronic Theory of 


AICI. 
ArO-CO*CH,*CH,CO,H + AlCl, —s Ar-O-CO-CH,:CH,-CO,H — 0-HO-Ar-CO-CH,-CH,CO,H 
(I) : (11) | (III) 


OW L5-Ac 

(VI) p- and/or (ILI) o-HO-Ar-CO-CH,CH,-CO,H <— | A —” 4 ocrtcH.COyt | 
NY, (IV) 

{x 


(V) 


X-CO-CH,-CH,-CO,H 
(VID) 


Organic Chemistry,” Oxford, 1949, p. 229) or splits into an oxocarbonium ion (IV) and a 
phenoxyaluminium chloride complex (V). The oxocarbonium ion attacks both (V) and 
the solvent molecules (XH) to give rise to (IIl) and/or (VI), and $-aroylpropionic acid 
(VII), respectively. The proportion of (VII) in the reaction mixture depends on the 
relative susceptibility of XH to the electrophilic attack by the oxocarbonium ion. Such 
susceptibility increases with the increase in the electron-releasing power of the sub- 
stituents. This explains the high percentage of B-aroylpropionic acid (VII) when m-xylene, 
anisole, and diphenyl ether were used as solvents, and its low percentage in the case of 
chlorobenzene. 

The fact that 8-aroylpropionic acids are formed mainly at the expense of the p-hydroxy- 
keto-acid (VI) (cf. Baddar and El-Assal, Joc. cit., and the result with o-tolyl hydrogen 
succinate in toluene, Table 2) indicates that the -hydroxy-keto-acid is probably formed by 
an intermolecular mechanism, whereas the o-hydroxy-keto-acid (III) is probably formed 
by both the intra- and the inter-molecular mechanism (cf. Rosenmund and Schnurr, 
Annalen, 1928, 460, 56; Ralston et al., J]. Org. Chem., 1940, 5, 645; Gershzon, J. Gen. 
Chem., U.S.S.R., 1943, 18, 68; Cocker and Fateen, /., 1951, 2632). A further support for 
the partial intramolecular nature of the Fries reaction is the fact that the rearrangement of 
a-naphthyl hydrogen succinate gave §-(1-hydroxy-2-naphthoyl)propionic acid, whereas 
direct substitution of «-naphthol by electrophilic reagents takes place mainly at position 4. 

A similar scheme for «- and $-naphthyl hydrogen succinate could be proposed. 

Gerecs, Windholz, and Sipos (Acta Chim. Hung., 1954, 4, 123) obtained evidence for the 
active role of hydrogen chloride in the Fries reaction. However, their results do not 


contradict our conclusions. 
EXPERIMENTAL 


Preparation of Aryl Hydrogen Succinates.—(a) The phenol (0-05 mole) and succinic anhydride 
(0-05 mole) were heated at 140—150° for 3 hr. (unless otherwise stated) and the product was 
worked up as stated by Baddar and El-Assal (/oc. cit.). (b) To a cooled mixture of the phenol 
(0-1 mole) and succinic anhydride (0-1 mole) in tetrachloroethane (75 ml.), anhydrous aluminium 
chloride (0-12 mole) was gradually added and the reaction was carried out as stated by Baddar 
and El-Assal (loc. cit.). The mixture was diluted with ether and the organic layer was washed 
with water and extracted with cold concentrated sodium carbonate solution. The cold alkaline 
extract was acidified, and the precipitated product was filtered off and crystallised. The results 
are summarised in Table 1. 

Fries Rearrangement.—This was carried out under standardised conditions, namely, the 
ester (0-033 mole), aluminium chloride (Prolabo-Produite pour Laboratoires, Rhone Poulenc) 
(0-067 mole), and solvent (0-462 mole) at 117° (boiling -butyl alcohol bath) for 2-5 hr. 

A stirred mixture of aryl hydrogen succinate and the solvent was heated at 117° and treated 
gradually with aluminium chloride during the first 30 min. The mixture was heated for further 
2 hr., then hydrolysed with crushed ice and dilute hydrochloric acid. Ether was added, and the 
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ether solvent layer was separated, washed with water, and extracted with sodium carbonate 
The alkaline extract was boiled to hydrolyse any unchanged ester (charcoal), 
filtered, and acidified with concentrated hydrochloric acid. In the cases of tetrachloroethane 
and nitrobenzene, the precipitated acids were separated as recorded in Table 2. For the other 
solvents the phenolic acids were separated from the non-phenolic acids by esterification with 
hydrogen chloride and ethyl alcohol in the normal way. The alcohol was removed, and the 
product was extracted with ether, and washed with sodium carbonate solution to remove 
unesterified acids, followed by sodium hydroxide solution to remove the phenolic esters (these 
hydrolysed with sodium hydroxide during extraction). From the sodium 
hydroxide solution acidification precipitated the phenolic acids. The ester of the non-phenolic 
acid was hydrolysed by boiling 8% alcoholic potassium hydroxide for 3 hr. The precipitated 
non-phenolic acid (VII) was crystallised and identified by m. p. and mixed m. p. (cf. Tables 2 
and 3). 


solution. 


were usually 


TABLE l. 


Ary! hydrogen Solvent for Yield (%) ? 
succinate M. p crystn.! (a) (bd) 
p-Tolyl® ......... 105—106 C,H,—Pet 50» 48 
(b. p. 30—50°) 
m-Tolyl 4 56—67 C,H,—Pet 50 83 
(b. p. 40—60°) 
Pet — 
(b. p. 30—50°) 
a-Naphthyl® ... 114 eble 57 40 
B-Naphthyl? ... 135—136 C,H, 57 56 
1 Pet light petroleum. *® Methods (a) and (bd) (see text). # eg of di-p-tolyl succinate were 
formed, m. p. 118—119° (from benzene-—light petrole um) (Found C, 72:3; H, 6-0. Calc. for C,gH,,0,4 
C, 72°56; Hi, tes ). 4 Fusion at 130° for 2-5 hr. ®& Method (b) save only f-(2-hydroxy-3-toluoyl)- 
propionic acid, m. p. 184° (cf. Raval e¢ al., loc. cit.). ® Method (6) gavea Bs. of B-(1-hydroxy 
4-naphthoyl) reine Reh acid and the ester. The former was separated by extraction with hot benzene 
in which it was insoluble, and was identified by m. p. and mixed m. p. (cf. Berliner et al., loc. cit.). 
7 The sodium carbonate (4°) extract should be immediately acidified, otherwise hydrolysis takes place. 


Required (%) 
Formula c H 


Found (°,) 


(i Cy,Hy,O, 63:45 5-8 


o-Tolyl ® 49—50 


| 
J 
1 CywH 20, 689 4:95 


TABLE 2. Yvelds (g.) 


Solvent 


Ar Ph 


SS — ee 


ili * V I 3 

3°8¢ Trace? 

0-83 0-38 

1-55 Trace 
0-76 +3 
0- 25 Trace 
2:7 


Ar 


ja 
VII 


Tr. race 


o-C,H,Me 


2 ——E 
Lil f 
1-46 * 
0-12 
0-57 
0-15 
0-08 
0-08 
1-15 


p-C,H,yMe 
III 
4-65 
3-9 
1-27 
0-3 


2-65 


Ar = m-C,H,Me 


Ph, acids (IIT) and v I) were separated by means of diazomethane in ether (free from 
alcohol) (cf. Baddar and El-Assal, loc. cit.). 

+ For Ar = o-tolyl, acids (III) and (VI) were separated by use of nitrobenzene in which (V1) is 
less soluble (cf. Raval et al., loc. cit.). 

ah ijk Tdentified by m. p. and mixed m. p. (cf. Raval et al., loc. cit.). * Identified as B-p-anisoyl- 
propionic acid by m. p. and mixed m. p. (cf. Mitter and Shyamakanta De, J. Indian Chem. Soc., 1939, 
16, 35; Haworth and Sheldrick, J., 1934, 1951). * fp Toluovipropionic acid, m. p. and ‘mixed 
m. p. 128° (cf. Barnett and Sanders, ¥) 1933, 434). 4 B-(2 4-Dimethylbenzoyl) propionic acid, m. p. 
and mixed m. p. 109—110° (cf. Muhr, Ber., 1895, 28, 3216). ¢ p- Anisoylpropionic acid, m. p. 149— 
150° (cf. Mitter and Shaymakanta De, Joc. cit.; Haworth and Sheldrick, loc. cit.; Fieser and Hershberg, 
J. Amer. Chem. Soc., 1936, 58, 2314; Rosenmund and Shapiro, Arch. Pharm., 1934, 272, 313). 
f B-4-Phenoxybe nzoylpropionic acid, m. p. and mixed m. p. 117° (cf. Kipper, Ber., 1905, 88, 2491). 
¢ B-p-Chlorobenzoylpropionic acid, m. p. and mixed m. p. 131° (cf. Skraup and Schwamberger, Annalen, 
1928, 462, 148). 


* For Ar 


Action of Aluminium Chloride on a Mixture of 8-Naphthol and Succinic Anhydride in Benzene. 

A mixture of §-naphthol (18 g.), succinic anhydride (10 g.), aluminium chloride (26 g.), and 
dry benzene (80 ml.) was refluxed on the water-bath for 1 hr. (cf. Berliner e¢ al., loc. cit.). The 
product was hydrolysed with ice and hydrochloric acid, ether (ca. 90 ml.) was added, and the 
mixture was filtered off from the insoluble product (11 g.).. This on crystallisation from benzene 
proved to be 8-naphthyl hydrogen succinate (m. p. and mixed m. p.). The benzene-ether layer 
was extracted with sodium carbonate solution, which was boiled to decompose any unchanged 
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ester, then filtered from the precipitated 6-naphthol, cooled, and acidified with concentrated 
hydrochloric acid. The precipitated product was extracted with hot benzene, filtered from 
traces of high-melting material, then crystallised from benzene-—light petroleum (b. p. 40—60°) 
to give §-(2-hydroxy-1l-naphthoyl)propionic acid (2 g.), identified by m. p. and mixed m. p. 


TABLE 3. Yields (g.) 
Ar = B-C,,H, 


Acid, m. p. Acid, m.p.  <Acid,° m. p. Acid, m. p. 
94°% 232 118—119° 4 
1-9 _ 
Traces 


Solvent 


0-6 


PhCl 5 Traces 
* Identified by m. p. and mixed m. p. with f§-(l-hydroxy-2-naphthoyl)propionic acid (Berliner 

et al., loc. cit.). * The acid was separated from £-(1-hydroxy-2-naphthoyl)propionic acid by fractional 
crystallisation from methyl alcohol. ¢ Separated from the acid, m. p. 173°, by crystallisation from 
methyl alcohol and identified as f-(1-hydroxy-4-naphthoyl)propionic acid by m. p. and mixed m. p. 
(idem, ibid.). 4% Identified by m. p. and mixed m. p. as §-(2-hydroxy-l-naphthoyl)propionic acid 


(idem, ibid.). 


Action of Aluminium Chloride on 8-Naphthyl Hydrogen Succinate at 100° and on a- and 
8-Naphthyl Hydrogen Succinate in Boiling Benzene.—Naphthyl hydrogen succinate (8-2 g.) and 
anhydrous aluminium chloride (9 g.) in tetrachloroethane (76-7) or benzene (36 g.) was stirred 
for 2 hr. on asteam-bath. The mixture was hydrolysed with ice and concentrated hydrochloric 
acid, ether was added, and the organic layer was extracted with cold dilute sodium carbonate 
solution, which was then immediately acidified. The precipitated products (4:0, 7-8, and 
6-8 g., respectively) proved to be the unchanged ester (m. p. and mixed m. p.). 
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2: 3-Derivatives of Naphthalene. Part I. The Nitration of 
N-Acetyl-3-nitro-1-naphthylamine. 


By E. R. Warp, T. M. Coutson, and (in part) J. G. HAWKINs. 
[Reprint Order No. 5606.] 


N-Acetyl-3-nitro-l-naphthylamine with fuming nitric acid yields a 
mixture of 3: 5- and 3: 8-dinitro-derivatives, and not the 2 : 3-dinitro-amide 
as claimed by Hodgson and Turner (jJ., 1943, 635). Their ‘ 2 : 3-dinitro- 
naphthalene ’’ and ‘‘ 3-nitro-2-naphthylamine ’’ were therefore mixtures of 
1: 6- and 1: 7-dinitronaphthalene, and of 5- and 8-nitro-2-naphthylamine 
respectively. Data reported for this ‘‘ 3-nitro-2-naphthylamine”’ are 
consequently invalid. The interpretation of the new results, and of those 
of Sihlbom (Acta Chem. Scand., 1954, in the press), who used boron trifluoride 
as Catalyst in the nitration, is discussed. 

Reduction of 1 : 3-dinitronaphthalene by catalytic transfer hydrogenation 
yields a mixture of 3-nitro-1l- and 4-nitro-2-naphthylamine. 


3-NITRO-2-NAPHTHYLAMINE was first claimed to have been prepared by Hodgson and 
Turner (J., 1943, 635) by partial reduction of 2: 3-dinitronaphthalene. The latter was 
made by the nitration of N-acetyl-3-nitro-l-naphthylamine in fuming nitric acid below 
0°, giving the 2: 3-dinitro-compound, which was then hydrolysed, diazotised, and 
deaminated. Physical properties of the amine were subsequently investigated [Hodgson 
and Hathway, J., 1945, 841; Trans. Faraday Soc., 1947, 43, 643 (ultra-violet spectrum) ; 
Bryson, ibid., 1949, 45, 257 (pK,); Hathway and Flett, zbid., p. 818 (infra-red spectrum) ]. 


4542 Ward, Coulson, and Hawkins : 


However, the m. p. (159°) of the 2: 3-dinitronaphthalene obtained by Hodgson and 
Turner could not be raised to that (170-5—171°) given by ChudoZilov (Coll. Czech. Chem. 
Comm., 1929, 1, 302) for the specimen he prepared by dehydrogenation of 1: 2:3: 4- 
tetrahydro-6 : 7-dinitronaphthalene. 

Nitration of N-acetyl-3-nitro-l-naphthylamine under the conditions used by Hodgson 
and Turner has now been shown to yield a mixture of N-acetyl-3 : 5- and 3 : 8-dinitro- 
l-naphthylamine. The free amines obtained by hydrolysis can be separated by extraction 
with ligroin. The proportions of the two amines were shown to be 35(--5) : 65(--5) by 
infra-red spectrographic analysis. The two amines were orientated by diazotisation and 
deamination to the known | : 7- and 1 : 6-dinitronaphthalene respectively ; identification 
of the deamination products by mixed m. p. determinations was confirmed by comparison 
of their infra-red spectra with those of authentic specimens (Whiffen, Hawkins, and 
Ward, unpublished work). A wide variety of reaction conditions was then tried in 
vain attempts to prepare N-acetyl-2 : 3-dinitro-l-naphthylamine: e.g., on attempted 
nitrations with diacetylorthonitric acid in acetic acid, and with acetyl nitrate in acetic 
anhydride, at room temperature and at 60°, the only basic product isolated after hydrolysis 
was 3-nitro-l-naphthylamine; such reaction as did occur appeared to be oxidation rather 
than nitration. The significance of this resistance of N-acetyl-3-nitro-1-naphthylamine 
to nitration is discussed below. 

These results imply (cf. Ward and Coulson, Chem. and Ind., 1953, 542, where a preliminary 
account was given) that Hodgson and Turner’s “ 2 : 3-dinitronaphthalene ”’ was a variable 
mixture of 1 : 6- and | : 7-dinitronaphthalene, and that the ‘ 3-nitro-2-naphthylamine ” 
obtained by partial reduction was a variable mixture of 5- and 8-nitro-2-naphthylamine. 
A detailed critical examination of all of the reported properties of the supposed ‘“‘ 3-nitro- 
”’ accords with this conclusion. The physical measurements made on 


2-naphthylamine 
” are therefore invalid, and authentic results will 


the supposed “ 3-nitro-2-naphthylamine 
be published in forthcoming papers. 
Sihlbom (Acta Chem. Scand., 1954, in the press; and personal communication) has 


also been unable to repeat Hodgson and Turner’s work but reports that nitration of 
N-acetyl-3-nitro-l-naphthylamine in acetic acid with fuming nitric acid in the presence 
of boron trifluoride gave in good yield a mixture of N-acetyl-2 : 3- and -3: 4-dinitro-1- 


naphthylamine (ratio ca. 1:7). Examination of the infra-red spectra of 2: 3- and 3: 4- 
dinitro-1-naphthylamine obtained by Sihlbom, and of 3: 5- and 3: 8-dinitro-1-naphthyl- 
amine obtained by us, showed the absence, in each of these specimens, of any significant 
amounts of the others; furthermore 2:3- and 3: 4-dinitro-l-naphthylamine were 
absent from our crude nitration product after hydrolysis (Whiffen, Hawkins, and Ward, 
unpublished work). 

Further, N-acetyl-2 : 3-dinitro-l-naphthylamine, as obtained by Sihlbom, was not 
identical with the original specimen of “2 : 3-dinitro-l-acetnaphthalide ’’ prepared by 
Hodgson and Elliott (J., 1936, 1151) by nitration of N-acetyl-3-chloro-1-naphthylamine. 
The latter nitration is now under reinvestigation. 

In attempting to interpret these results on the nitration of N-acetyl-3-nitro-1-naphthyl- 
amine both the relative difficulty of reaction and the positions of substitution must be 
accounted for. The l-acetamido-group is theoretically expected to activate the 2- and, 
more strongly, the 4-position (cf. Ingold, ‘‘ Structure and Mechanism in Organic 
Chemistry,’”’ Bell and Sons, London, 1953, pp. 264—266), this hypothesis having been 
demonstrated experimentally for N-acetyl-l-naphthylamine itself and for its other nitro- 
derivatives. The 3-nitro-group is expected to deactivate the 4-position strongly, and 
the 2-position only weakly, owing to the presumed lower order of the 2 : 3- as compared 
to the 3:4-bond. On these grounds, Hodgson and Turner’s expectation (loc. cit.) that 
N-acetyl-3-nitro-l-naphthylamine would be nitrated only, or mainly, in the 2-position is 
reasonable, even if steric factors are also considered (Ingold, of. cit., pp. 267—278). 

Since m-nitroacetanilide is nitrated with acetyl nitrate (giving mainly 3 : 4-dinitro- 
acetanilide; Pictet and Rhotinsky, Ber., 1907, 40, 1165), and N-acetyl-8-nitro-1-naphthyl- 
amine is nitrated with diacetylorthonitric acid (giving only the 4 : 8-dinitro-derivative ; 
Hodgson and Crook, J., 1936, 1138), N-acetyl-3-nitro-1-naphthylamine might be expected 
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to be nitrated under similar mild conditions. In fact, nitration occurs only when the 
electrophilic reagent is much more reactive. Although 1 : 3-derivatives of naphthalene 
often show unusual properties (cf. Ward, Coulson, and Hawkins, /., 1954, 5252), our 
explanation in this case is that, while the 4-position is too weakly activated for substitution 
under mild conditions, reaction at the 2-position is prevented by steric hindrance. Under 
the conditions used by Sihlbom (loc. cit.) the electrophilic activity of the reagent is 
increased, presumably by formation of a nitronium complex (Booth and Martin, ‘‘ Boron 
Trifluoride and its Derivatives,’ Wiley and Sons, New York, 1949, p. 196) and nitration 
then occurs. In Sihlbom’s experiments the boron trifluoride may co-ordinate at either 
the l-acetamido-group or the 3-nitro-group, in both cases producing a strongly deactivated 
complex. It must be concluded that if such complex formation does occur it cannot go 
to completion, otherwise either no reaction would occur at all, or substitution would be 
entirely in the nitrogen-carrying nucleus. It seems to us, therefore, that Sihlbom’s 
results point again to considerable steric hindrance at the 2-position which outweighs 
the stronger activation there, accounting for the predominance of N-acetyl-3 : 4-dinitro- 
1-naphthylamine in the product. 

Our results suggest that in fuming nitric acid salt formation occurs at the acetamido- 
group, with consequent deactivation of the substituted nucleus. Further substitution 
would then occur at the reactive «-positions (5 and 8) of the unsubstituted nucleus, 
numerous cases being known where naphthalene derivatives strongly deactivated in one 
nucleus undergo further substitution in this manner. One might also cite here the 
nitration of N-acetyl-2-naphthylamine in fuming nitric acid to the 1 : 5- and 1 : 8-dinitro- 
derivatives (Vesely and JakeS, Bull. Soc. chim., 1923, 33, 942), which Dean (Thesis, London, 
1952) suggested was rational on the basis of salt formation. Nevertheless we are not 
entirely satisfied with this explanation since one would not expect ready salt formation 
with N-acetyl-3-nitro-l-naphthylamine and if it occurred it would not necessarily be 
complete. In these circumstances reaction might have proceeded entirely through the 
neutral form with substitution confined to the same nucleus or alternatively some 
substitution would have been expected at the 2- and the 4-position (Ingold, of. cit., 
pp. 241—243). We are now studying N-acetyl-3- and 4-nitro-2-naphthylamine. 

Whilst all other methods of reducing 1 : 3-dinitronaphthalene yield a mixture of 
3-nitro-l- and 4-nitro-2-naphthylamine, it was claimed by Vesely and Rein (Arhiv Kem., 
1927, 1, 55) that reduction by hydrogen—platinum black yielded the former only. We 
have found reduction by catalytic transfer hydrogenation (Linstead, Braude, Mitchell, 
Wooldridge, and Jackman, Nature, 1952, 169, 100) to give a mixture of the nitronaphthyl- 
amines. 

A modification of Hodgson and Birtwell’s method (jJ., 1944, 75) for separating 
3-nitro-1- and 4-nitro-2-naphthylamine by selective acetylation, which is more convenient 
for obtaining N-acetyl-3-nitro-l-naphthylamine in quantity, is described. Attempts to 
separate these two nitronaphthylamines by chromatography from benzene on alumina 
failed (cf. Dean, /oc. cit., who reported failure with both alumina and silica). 


EXPERIMENTAL 
M. p.s are corrected. 

Reduction of 1: 3-Dinitronaphthalene by Catalytic Transfer Hydrogenation.—1 : 3-Dinitro- 
naphthalene (2-5 g.) was refluxed vigorously with cyclohexene (9 c.c.), ethanol (25 c.c.), and 
10% palladised charcoal (0-25 g.) for 24 hr. The hot solution was then filtered and evaporated 
to dryness. The residue was extracted thrice with boiling hydrochloric acid (10% w/v; 
100 c.c. total), and the combined extracts were cooled and basified. The product, a mixture 
of 3-nitro-l- and 4-nitro-2-naphthylamine (1-3 g., 60%), had m. p. 117-5° and therefore 
contained ca. 14% of 4-nitro-2-naphthylamine (cf. Hodgson and Hathway, J., 1944, 385). 1: 3- 
Dinitronaphthalene (6-45 g., 20%) was recovered from the acid-insoluble residue. Reduction 
occurred only when all the reactants were very carefully purified. 

Preparation of N-Acetyl-3-nitro-1\-naphthylamine from the Mixed Nitronaphthylamines.— 
Mixed 3-nitro-l- and 4-nitro-2-naphthylamine, containing ca. 16% of the latter, dissolved in 
acetic acid (5 c.c. per g.), was boiled with a slight excess of acetic anhydride for 30 min. The 
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mixture was cooled and set aside, and the precipitated N-acetyl-3-nitro-1-naphthylamine 
collected, washed with acetic acid and then ether, and dried in the air (yield, ca. 80% of total 
in mixture). The mother-liquor was heated to boiling, and water added, cautiously at first 
to destroy excess of acetic anhydride, and then more rapidly to initiate crystallisation. The 
mixture was then cooled; a product containing ca. 80% of N-acetyl-4-nitro-2-naphthylamine 
separated (yield, ca. 20% of total starting material; hence total recovery, ca. 86%). 

Ditoluene-p-sulphonyl Derivatives of 3-Nitro-1- and 4-Nitro-2-naphthylamine.—The amine (1 g.) 
was ground with toluene-p-sulphonyl chloride (10 g., ca. 10 mols.), and slowly heated in water 
(100 c.c.) to boiling, with periodic additions of sodium carbonate to keep the liquid alkaline. 
After 2 hours’ boiling the mixture was cooled and filtered, and the procedure repeated on 
the residue. The final product was washed with water, dried, and recrystallised from hot 
acetic acid (charcoal). N-Ditoluene-p-sulphonyl-3-nitro-1-naphthylamine (59%) had m. p. 264— 
266° (Found: S, 12-9. C,H ,O,N,S, requires S, 12-99%). N-Ditoluene-p-sulphonyl-4-nitro- 
2-naphthylamine (64%) had m. p. 220—221° (Hodgson and Hathway, /J., 1945, 455, give 
m. p. 215°). The reaction is much less effective in pyridine (cf. Hodgson and Ward, J., 1947, 
327). 

Nitration of N-Acetyl-3-nitro-1-naphthylamine.—The naphthalide (15 g.) was added gradually 
to nitric acid (90 c.c.; d 1-5) with vigorous stirring; stirring was continued for a further 90 min. 
at 10° to —6°. The mixture was poured on ice-water (450 g.) with stirring, and the 
residue collected, washed with water, and dried at 60° (yield, 14-2 g., 80%). 

The mixed amides were refluxed for 2 hr. with aqueous sulphuric acid (50% v/v; 9 pts.) 
and ethanol (105 c.c., 7 pts. by vol.). After cooling, the mixture was stirred into ice-water 
(450 g.) and basified at 0° with aqueous ammonia, and the precipitate collected, washed with 
water, and dried at 60° (11-7 g., 98%). This mixture (A) of amines (8-5 g.) was dissolved in 
dry benzene (2-1) and dry hydrogen chloride passed in until no further precipitation occurred. 
The precipitate was collected, exposed to the air until free from benzene, and basified with 
aqueous ammonia. The mixed amines were filtered off, washed with water, and dried (7-4 g., 
87%). The product was extracted with boiling ligroin (5 x 1 1.). Concentration of the 
ligroin solution, followed by crystallisation of the product from hot aqueous pyridine (1 : 1 v/v) 
and then from acetone—water (2:1 v/v), yielded 3: 8-dinitro-l-naphthylamine (2-24 g.), m. p. 
176°, which, on recrystallisation from aqueous pyridine (1: 1 v/v), gave orange crystals, m. p. 
179-5—180-5° (Found: C, 515; H, 3-1. C,H,O,N, requires C, 51:5; H, 30%). The 
ligroin-insoluble residue was dissolved in boiling ethanol (400 c.c.) and filtered, and the 
filtrate diluted with an equal volume of water and allowed to crystallise, yielding 3 : 5-dinitro- 
l-naphthylamine (2-47 g.), m. p. 215—217°. Recrystallisation from hot aqueous ethanol 
(1:2 v/v) gave deep red needles, m. p. 225—226° (Found: C, 51-9; H, 3:2%). From the 
mother-liquors was recovered a further amount of mixed amines (1-64 g.), giving a total 
recovery of 6-35 g. (ca. 85%) from the mixed hydrochlorides. 

(By J. G. Hawkins.) Spectrographic analysis of the mixture (A). The measurements 
were made on a Grubb-Parsons infra-red spectrometer fitted with a rock-salt prism and an 
automatic pen recorder. The spectra were obtained with a Nujol mull between rock-salt 
plates in the region 7-5—15 wu. 

The spectra of pure 3: 5- and pure 3: 8-dinitro-l-naphthylamine were first compared with 
that of the mixture (A), and an approximate estimate made of the relative proportion of the 
two isomers in the latter. In order to facilitate the estimation, the spectrum of the mixture 
was bracketed with thicker and thinner films of the same sample. To a first approximation, 
after due allowance for differences in the thickness of the films, the amounts were judged to be 
40% of 3: 5- and 60% of 3: 8-dinitro-l-naphthylamine. The solubility of these amines in 
the usual infra-red solvents was too low to allow of their quantitative determination in a 
0-1-mm. cell in the conventional manner. An artificial mixture (B) containing 40-6% of 3: 5- 
and 59-4% of 3: 8-dinitro-l-naphthylamine was therefore prepared by grinding the weighed 
amounts of the pure specimens together in a Nujol mull. The resulting spectrum contained 
two absorption maxima (at 1138 and 877 cm.~!) which were not present in the reference spectra 
or in the spectrum of the original mixture (A), but disappeared on crystallisation of the 
mixture (B) from benzene [mixture (C)]._ Comparison of the spectra of mixtures (B) and (C) 
with that of mixture (A) revealed that there was 35 (+5)% of 3:5- and 65 (+5)% of 
3: 8-dinitro-l-naphthylamine in the mixture (A). 

Further comparison of all of the above spectra with those of the appropriate compounds 
[this work was undertaken as part of a general investigation of the infra-red spectra of 
polynitronaphthalenes and polynitronaphthylamines (Whiffen, Hawkins, and Ward, unpublished 
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work)] failed to show in any of them the presence of 3-nitro-l-naphthylamine (which would 
be obtained by hydrolysis of the starting compound), of 2 : 3- or 3: 4-dinitro-1-naphthylamine, 
or of the amine obtained by the dinitration and subsequent hydrolysis of N-toluene-p-sulphonyl- 
3-nitro-l-naphthylamine (cf. Hodgson and Hathway, /., 1944, 561). 

Derivatives of 3:5- and 3: 8-Dinitro-1-naphihylamine.—N-Acetyl-3 : 5-dinitro-1-naphthyl- 
amine, m. p. 260—262° (decomp.) (Found: C, 52-5; H, 3-5. C,,.H,O;N, requires C, 52-4; 
H, 33%), and its 3: 8-dinitro-isomer, m. p. 206—207° (Found: C, 52:5; H, 3-5%), were 
prepared by refluxing the amine in acetic acid containing a trace of pyridine, with a slight 
excess of acetic anhydride for 30 min. The products obtained by adding water to incipient 
crystallisation under reflux and then cooling were recrystallised from hot aqueous acetic acid. 
3: 5-Dinitro-N-p-nitrobenzylidene-1-naphthylamine, m. p. 309—310° (Found: C, 55-8; H, 2-9. 
C,,H,,O,N, requires C, 55-8; H, 2-75%), and the 3: 8-dinitro-isomer, m. p. 263-5—264-5° 
(Found: C, 55-8; H, 2-9%), were prepared by mixing saturated solutions of the reactants in 
cold acetic acid, and refluxing them for 1 hr. After cooling, the products were separated 
and recrystallised from warm acetic acid. 1-(3 : 5-Dinitronaphthylazo)-2-naphthol was prepared 
by diazotising the amine by the inverted Hodgson—Walker method (Hodgson and Turner, /., 
1943, 86), and adding the diazonium solution to 2-naphthol in aqueous sodium hydroxide. 
After recrystallisation from hot nitrobenzene, it had m. p. 315° (decomp.) (Found: C, 61-9; 
H, 3-1. C,9H,,.0;N, requires C, 61-9; H, 3-1%). 

Orientation of the Dinitronaphthylamines.—The amines were diazotised by Hodgson and 
Turner’s method (loc. cit.), and deaminated by adding the diazonium solution to ethanol 
containing cuprous oxide (Hodgson and Turner, J., 1942, 748). 3: 5-Dinitro-1-naphthyl- 
amine gave 1: 7-dinitronaphthalene (43%), m. p. 157—158° (Vesely and Dvorak, Bull. Soc. 
chim., 1923, 38, 319, and Vesely and JakeS, ibid., p. 952, give m. p. 156°), identified by mixed 
m. p. (153—156-5°) with an authentic specimen. 3: 8-Dinitro-l-naphthylamine gave 1: 6- 
dinitronaphthalene (50%), m. p. 164—165° (Hodgson and Turner, J., 1943, 86, give m. p. 
166-5°), identified by mixed m. p. (165—166°). The identities of the dinitronaphthalenes 


were confirmed by their infra-red spectra. 


The authors are indebted to the Department of Scientific and Industrial Research for a 
maintenance grant (to T. M. C.), to Dr. L. Sihlbom and Dr. R. Elliott for providing the 
specimens named, and to Imperial Chemical Industries Limited, Dyestuffs Division, for gifts 
of chemicals. They also thank Professor H. W. Melville, F.R.S., for providing facilities for 
the infra-red measurements, and Dr. D. H. Whiffen for supervising them. 
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2: 3-Derivatives of Naphthalene. Part II.* Preparation of 
2: 3-Dinitronaphthalene and 3-Nitro-2-naphthylamine. 
By E. R. Warp and T. M. CouLson. 
[Reprint Order No. 5607.] 


Improved syntheses of 2: 3-dinitronaphthalene and 3-nitro-2-naphthyl- 
amine are described. 


VAN Rij, VERKADE, and WEPSTER (Rec. Trav. chim., 1951, 70, 236) obtained 2 : 3-dinitro- 
naphthalene and 3-nitro-2-naphthylamine by the route: 6-acetyl-l : 2:3: 4-tetrahydro- 
naphthalene —» 6-acetamido-l : 2:3: 4-tetrahydronaphthalene (by Beckmann re- 
arrangement of the oxime) —® 6-acetamido-l : 2 : 3 : 4-tetrahydro-7-nitronaphthalene 
(nitration and separation from attendant 5-nitro-compound) —» 6-amino-l : 2:3: 4- 
tetrahydro-7-nitronaphthalene —» | : 2: 3: 4-tetrahydro-6-nitro-7-nitrosonaphthalene 
(oxidation with persulphuric acid) —» 1: 2:3: 4-tetrahydro-6 : 7-dinitronaphthalene 
(oxidation with hydrogen peroxide and nitric acid) —» 2 : 3-dinitronaphthalene (bromin- 
ation, dehydrobromination) —» 3-nitro-2-naphthylamine (reduction with sodium disul- 
phide in methanol). The overall yield of dinitronaphthalene was 3-55%, and of nitro- 
* Part I, preceding paper. 
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naphthylamine, 156%. By simplifying and modifying this route, we have increased 
these overall yields to 14:2% and 10-0% respectively, the latter representing a six-fold 
increase in the overall yield of the most inaccessible of the fourteen nitronaphthylamines. 

The Beckmann rearrangement of the oxime we carried out with polyphosphoric acid 
(Horning et al., J. Amer. Chem. Soc., 1952, 74, 2680, 5151, 5153); one-third of the amount 
of polyphosphoric acid prescribed by these authors gave a 95—99%, yield. Using benzene- 
sulphonyl chloride in pyridine for the rearrangement, Verkade e¢ al. (loc. cit.) obtained a 
yield of 75%. Weconfirmed that 6-acetamido-1 : 2 : 3 : 4-tetrahydronaphthalene, prepared 
by catalytic hydrogenation of 2-naphthylamine, behaved less satisfactorily in the 
subsequent nitration: this reaction, described by Schroeter (Annalen, 1922, 426, 65) has 
been used, apparently satisfactorily, by several other investigators, including Verkade 
et al., but we were unable to obtain the yield claimed or to get a good granular crude 
product. Acetyl nitrate in acetic anhydride was more efficient but still not entirely 
satisfactory. 

We converted 6-amino-l : 2:3: 4-tetrahydro-7-nitronaphthalene into 1:2:3:4- 
tetrahydro-6 : 7-dinitronaphthalene in one stage by diazotisation and replacement of the 
diazonium by the nitro-group, by an extension of the method of Hodgson, Mahadevan, 
and Ward (J., 1947, 1392; cf. Hodgson and Mahadevan, /., 1947, 325) (see p. 4547). We 
have applied this modification satisfactorily to other amines. Our yield was 55%, which 
compares favourably with 35% for the original two-stage conversion. Chudozilov (Coll. 
Czech. Chem. Comm., 1929, 1, 302) obtained a 3% yield by a direct diazo-decomposition. 

In the dehydrogenation of 1 : 2: 3: 4-tetrahydro-6 : 7-dinitronaphthalene by bromin- 
ation—dehydrobromination, we have increased the yield from 10% (Chudozilov, Joc. 
cit.) or 43°%, (Verkade et al., loc. cit.) to 74%. 

In the last stage Verkade et al. obtained a 44% yield in 7 hours. We obtained a 70% 
yield in 30 minutes by using sodium hydrogen sulphide in methanol (Hodgson and Ward, 
J., 1949, 1187). 


EXPERIMENTAL 


Preparation and Beckmann Rearrangement of Methyl 5:6: 7: 8-Tetrahydro-2-naphthy! 
Ketoxime.—To a solution of sodium hydroxide (120 g.) in water (800 c.c.), containing ice (700 g.), 
was added hydroxylamine hydrochloride (100 g.). After dissolution, 6-acetyl-1: 2:3: 4- 
tetrahydronaphthalene (50 g.) was added, followed by sufficient ethanol (ca. 1300 c.c.) 
to give a clear solution. After 2 days, the mixture was neutralised to phenolphthalein with 
hydrochloric acid and diluted with water (to 10 1.), and the product collected and dried 
(52 g., 95%). This had m. p. 101—104°, raised to 106° by recrystallisation from aqueous 
ethanol (Verkade et al., loc. cit., give 105—106°). 

The oxime (100 g.) was heated with tetraphosphoric acid (1 kg.) at 105° for 10 min. with 
stirring, then poured into warm water (8 1.). Stirring was continued until the product became 
granular; this was separated, triturated with water, filtered at the pump, and washed repeatedly 
with water (yield, 96 g., 96%; m. p. 104—106°; Verkade et al., loc. cit., give 106—107°). 

Nitration of 6-Acetamido-1 : 2: 3: 4-tetrahydronaphthalene.—To a suspension of the amide 
(5 g.) in acetic anhydride (5 c.c.) was added dropwise a 1:1 (v/v) mixture (4-5 c.c.) of 
acetic anhydride and nitric acid (d 1-42) with stirring, the temperature being allowed to rise 
to, but not to exceed, 40°. Stirring was continued for a further hour, and the precipitate 
which appeared overnight was collected, washed with ether, and dried (1:38 g.). The filtrate 
was poured into water (200 c.c.), and after 2 days the precipitate was filtered off, washed with 
water, dried, and recrystallised from ethanol (20 c.c.). The combined yield of 6-acetamido- 
|: 2:3: 4-tetrahydro-7-nitronaphthalene, m. p. 133—135° (Verkade et al., loc. cit., give 134— 
135°), was 2-35 g. (38%). The yield decreased on working with larger amounts. Nitration 
in acetic acid containing boron trifluoride proceeded at a lower temperature and gave a similar 
yield, but gave a greatly reduced yield on the large scale. Note Added in Proof.—The direct 
conversion of 1 : 2: 3: 4-tetrahydro-7-nitronaphthalene into 2-acetamido-3-nitronaphthalene 
by bromination and dehydrobromination has now been reported (Curtis and Viswanath, Chem. 
and Ind., 1954, 1174). 

6-Amino-1 : : 4-tetrahvdro-7-nitronaphthalene.—The acetyl compound (60 g.) was 
refluxed (30 min.) with ethanol (300 c.c.) and aqueous sulphuric acid (50% v/v; 300 c.c.). 
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The mixture was cooled, poured into ice-water (6 1.), and basified with ammonia at 0°, and the 
precipitate collected. The product was purified by dissolving it in boiling aqueous hydro- 
chloric acid (10% w/v), filtering, and basifying the filtrate with ammonia at 0°. It was 
collected, washed with water, and dried (yield, almost quantitative), and then had m. p. 124— 
127° (Verkade e al., loc. cit., give 126—127°). 

1: 2:3: 4-Tetrahydro-6 : 7-dinitronaphthalene.—The foregoing amine (10 g.) was stirred 
into a solution of sodium nitrite (4:2 g.) in sulphuric acid (d 1-84; 21 c.c.) below 20°, and this 
solution was added, below 30°, to acetic acid (42 c.c.). After 30 min., ether (250 c.c., dried 
over sodium) was stirred in, and the mixture cooled at 0° for 1 hr. The supernatant liquor 
was decanted from the pasty precipitate, and the latter twice washed with ether by decantation. 
Residual ether was removed with a jet of air. The paste was dissolved in ice-water (100 g.), 
and the solution added dropwise, below the surface, to the decomposition mixture with vigorous 
stirring. [The decomposition mixture was prepared by adding a solution of crystalline sodium 
sulphite (65 g.) in water (250 c.c.) to one of crystalline copper sulphate (65 g.) in water (500 c.c.), 
then adding, immediately before use, a solution of sodium nitrite (130 g.) in water (500 c.c.).] 
After 1 hour’s stirring the mixture was set aside until evolution of gas had ceased (1—2 days), 
and the solids were filtered off, washed with water, dried, and extracted several times with 
boiling methanol (350 c.c. in all). The extract was refluxed with charcoal, filtered, and 
concentrated to 25 c.c. On cooling, crude material (6-5 g.) was obtained, which, on recrystal- 
lisation from hot methanol (60 c.c.) gave a pure product (5-1 g.), m. p. 107—108° (Kuhn and 
van Klaveren, Ber., 1938, 71, 779, give 108°). Evaporation of the combined mother-liquors 
to dryness gave a paste, from which the oil was separated by filtration. On recrystallisation 
of the residue from methanol, a further quantity of pure product was obtained (total yield, 
6-3 g., 55%). By the method of Hodgson, Heyworth, and Ward (J., 1948, 1512), the yield 
was 52%; a modification of Hodgson and Ward’s method (J., 1947, 127) gave a 40% 
yield. In this the amine was diazotised in 60% sulphuric acid and neutralised by chalk, 
sodium cobaltinitrite solution was stirred into the resultant slurry, and the mixture, without 
filtration at any stage, was used for the decomposition in the ordinary way. 

2 : 3-Dinitronaphthalene.—1 : 2: 3: 4-Tetrahydro-2 : 3-dinitronaphthalene (10 g.) was treated 
dropwise (shaking) with hromine (4-6 c.c.) under a reflux water-condenser. The mixture was 
then heated on the boiling-water bath until evolution of hydrogen bromide ceased, and then 
further heated at 170—190°, again until no more hydrogen bromide was evolved. After 
cooling, the solid cake was loosened by boiling with ethanol, then crushed and repeatedly 
extracted with ethanol under reflux. The combined extracts (500 c.c.) were filtered, refluxed 
with charcoal, filtered, concentrated to 200 c.c., and cooled, the precipitate was collected, and 
the mother-liquor further concentrated to obtain more product. The total yield was 7-24 g. 
(74%), and the m. p. 172—174° (Verkade et al., loc cit., give 174-5—175°). 

3-Nitro-2-naphthylamine.—The procedure followed was that of Hodgson and Ward (/., 
1949, 1187; cf. Ward, Coulson, and Hawkins, /., 1954, 2974). After purification by dis- 
solution in boiling hydrochloric acid (10% w/v) and basification with ammonia at 0°, the 
product (yield, 70%) had m. p. 109—113°, raised to 115—116° by crystallisation from light 
petroleum (b. p. 100—120°; charcoal). Verkade ef al., loc cit., give 115—116°. The filtrate 
after removal of the crude product was purple, but attempts to obtain from it a nitronaphthy] 
sulphide (by acidification), or a di(nitronaphthyl) disulphide (by oxidation) failed. 


The authors are indebted to the Department of Scientific and Industrial Research for a 
maintenance grant (to T. M. C.), to Professor P. E. Verkade for providing authentic specimens 
of 2: 3-dinitronaphthalene and 3-nitro-2-naphthylamine, and to Imperial Chemical Industries 
Limited, Dyestuffs Division, for gifts of chemicals. 
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Bowman and Twey: 


1-Phthalimidopentane-2 : 4-dione. 
By R. E. Bowman and D. J. TIvey. 
[Reprint Order No. 5653.] 


The above compound has been prepared and utilised for the synthesis of 
phthalimidomethyl-substituted heterocyclic compounds of types (III), 
(IV), and (V), from which the phthaloyl grouping has been removed with 
hydrazine. 


ACID-CATALYSED acetolysis of «-acetyl-y-phthalimidoacetoacetic ester (I) yielded 
1-phthalimidopentane-2 : 4-dione (II), m. p. 129-5°, in almost quantitative yield. The 
latter has not, so far as we are aware, been described previously, although Scheiber (Ber., 
1909, 42, 1442) reported that crystallisation of the ester (I) from acetic acid furnished a 
small quantity of a substance of unknown structure, m. p. 128°, which was probably (II). 
AcOH 
o-C,H,(CO),N-CH,*CO-CH Ac‘CO,Et ——* 0-C,H,(CO),N-CH,CO-CH,'CO-CH, + EtOAc + CO, 
(I) - (11) 

The structure of the diketone was confirmed by methylation with methyl iodide in the 
presence of anhydrous potassium carbonate to give a CC-dimethyl derivative which unlike 
(Il) did not give a ferric colour. In the Experimental section improved procedures for 
the preparation of (I) are detailed, including the use of calcioacetoacetic ester (Hackman, 
J., 1951, 2505). 

The diketone (II) with hydroxylamine furnished either a monoxime or 3(5)-methyl- 
5(3)-phthalimidomethylisooxazole (III; R = phthalimido; or its isomer), depending on 
the conditions of reaction. Fission of the latter with hydrazine hydrate gave the 
base (III; R=NH,) which was converted into the sulphanilamide (III; R 
p-NH,°C,Hy’SO,*NH) in the usual manner. With hydrazine the diketone gave the pyrazole 
(IV; R = phthalimido, R’ = H) and thence the free base and derived sulphanilamide ; 
phenylhydrazine reacted analogously and furnished the N-phenyl derivative and thence 
the free base (IV; R NHg, R’ = Ph; or its isomer). 


Me Me H,N/)Me 
| 


i i} ! 
R-'CHyC._|N -CH,’C,_ |] Ny / 
ee Ny CH,R 


(III) (IV) (V) 
Finally, reactions with urea, thiourea, and guanidine were investigated, but only in the 
last case was a product obtained and that, the pyrimidine (V; R = phthalimido), in small 
and variable yield. Treatment of this with hydrazine furnished 2-amino-4-aminomethyl- 
pyrimidine (V; R = NH,) which was converted into the sulphanilamide as before. The 
ultra-violet absorption spectra of the basic pyrimidine (_V; R = NH,) in acid, alkaline, 
and neutral solutions were almost identical with those of 2-amino-4-methylpyrimidine 
(Marshall and Walker, J., 1951, 1004) under corresponding conditions of pH, which is good 
evidence for the proposed structure. 


EXPERIMENTAL 

Ethyl «-Acetyl-y-phthalimidoacetoacetate.—(a) A solution of phthalimidoacetyl chloride 
(85 g., 0-38 mol.) (Sheehan and Frank, J. Amer. Chem. Soc., 1949, 71, 1859) in dry benzene 
(200 ml.) was added slowly to a stirred slurry of sodioacetoacetic ester (0-83 mol.) in benzene 
(250 ml.). The resulting orange-red mixture was refluxed for 0-5 hr. and, after cooling to 
5°, 5n-sulphuric acid (100 ml.) was added with cooling and stirring. The benzene extract 
was washed with water whereafter solvent and most of the acetoacetic ester were removed by 
distillation up to 100° (bath)/2 mm. The cooled residue was filtered off with suction and the 
slightly impure solid (57 g., 48%; m. p. 135°) crystallised from ethanol furnishing the pure 

product, m. p. 136°. 
(6) A mixture of phthalimidoacetic acid (205 g.), thionyl chloride (130 g.), and benzene 
(1300 ml.) was refluxed until a clear solution was obtained. After removal of volatile material 
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(500 ml.) by distillation at 20 mm. fresh benzene (500 ml.) was added and a similar further 
amount distilled off. The resulting solution of acid chloride was treated as previously with 
calcioacetoacetic ester [from calcium oxide (101 g.) and ester (335 g.) in benzene (1 1.)] according 
to Hackman’s instructions (loc. cit.). The reaction mixture was worked up as before except 
that sulphuric acid was replaced by hydrochloric acid. The total yield of crude product, 
m. p. 130°, was 120 g. (45%) and of recrystallised material, m. p. 136°, 100 g. 

1-Phthalimidopentane-2 : 4-dione.—A solution of the foregoing keto-ester (100 g.) in acetic 
acid (400 ml.) containing sulphuric acid (20 drops) was boiled under reflux for 3 hr. The cooled 
solution was poured into water, and the solid diketone which separated was filtered off, washed 
with water (100 ml.), dried in vacuo at 40° (yield 73 g., 959%; m. p. 126—128°), and crystallised 
from benzene-light petroleum (b. p. 60—80°; 1:1), separating in plates, m. p. 129-5°, which 
gave a deep red ferric reaction; Amax, (in EtOH), 218 (e 41,200) and 276 my. (e 11,900) with an 
inflexion at 240 my (e 1100) (Found: C, 63-5; H, 4:5; N, 5-8. Cj 3H ,,0,N requires C, 63-7; 
H, 4:5; N, 5-7%). 

To a hot mixture of the diketone (2 g.), hydroxylamine hydrochloride (0-57 x.), and ethanol 
20 ml. of 96%), a solution of sodium hydrogen carbonate (0-68 g.) in the minimum of water 
was slowly added. After 1 hour’s refluxing, the oxime was isolated by dilution of the cooled 
reaction mixture with water and crystallised from ethanol forming prismatic needles, m. p. 
187° (Found: C, 59-7; H, 4-4; N, 11-2. C,,;H,,O,N, requires C, 60-0; H, 4:7; N, 10-8%). 

3: 3-Dimethyl-1-phthalimidopentane-2 : 4-dione.—The diketone (2-45 g.), methyl iodide 
(3-6 g.), anhydrous potassium carbonate (3-1 g.), and ethyl methyl ketone (15 ml.) were refluxed 
for 2hr. After removal of solvent in steam, the product, which solidified on cooling, was filtered 
off and crystallised from ethanol, forming needles (2-0 g.), m. p. 108° (Found: C, 65-9; H, 5-5. 
C,;H,,0,N requires C, 65-9; H, 5-5%). It gave a negative ferric test and had Agax (in EtOH) 
220 (e 37,900) and 295 my (ce 1180). 

3(5)-Methyl-5(3)-phthalimidoisooxazole.—The reaction was carried out as for preparation 
of the oxime except that anhydrous potassium carbonate (11-4 g. per 20 g. of diketone) was 
used as condensing agent and refluxing was for 8 hr. The isoovazole was obtained as needles 
(from ethanol), m. p. 133° (78%) (Found: N, 11-6. C,3;H,,O,N, requires N, 11-6%). 

5(3) - Aminomethyl-3(5)-methylisooxazole Hydrochloride——The foregoing crude product 
(13-2 g.) was refluxed with hydrazine hydrate (7 g. of 50%) in ethanol (50 ml.) for 3 hr. After 
removal of phthalhydrazide by filtration, the mother-liquor was evaporated to dryness in vacuo. 
The residue was then heated at 60°/2 mm. to remove excess of hydrazine and was extracted with 
2n-hydrochloric acid (100 ml.) at 50° for 15 min. Evaporation of the aqueous extract to dryness 
on the steam-bath furnished the crude hydrochloride (5 g.), which crystallised from methanol 
as solvated plates, m. p. 201° (decomp.) (Found: C, 39-5; H, 6-8. C;H,ON,C1,CH,-OH 
requires C, 39-8; H, 7:2%). 

5(3)-p-A minobenzenesulphonamidomethyl-3(5)-methylisooxazole——The above crude _hydro- 
chloride (4 g.) was converted into the free base by refluxing with methanolic sodium methoxide 
(31 ml. from 0-62 g. of metal) for 30 min. The cooled solution was filtered and methanol 
removed in vacuo. ‘To the residue, pyridine (10 ml.) and finely powdered p-acetamidobenzene- 
sulphonyl chloride (6-3 g.) were slowly added. Heat was evolved during the addition and 
finally the mixture was heated to 100° for 5 min., poured into ice-water (900 ml.), and acidified 
to Congo-red with hydrochloric acid. After saturation with sodium chloride, the mixture was 
filtered and the residue boiled with 2N-sodium hydroxide (40 ml.) for 0-5 hr. Acidification of 
the cooled solution to pH 5 with acetic acid furnished the product as a solid, which was obtained 
as needles, m. p. 142°, from ethanol (Found: N, 15-7; S, 11-9. C,H ,;0;N,5 requires N, 
15:7; S, 11-:5%). 

3-Methyl-5-phthalimidomethylpyrazole—1-Phthalimidopentane-2 : 4-dione (24-5 g.) was 
caused to react with hydrazine hydrate (10 g. of 50%) in ethanol (100 ml.) under reflux for 1 hr. 
The resulting solution was diluted with water while still hot until opalescence occurred and allowed 
to cool; the product, m. p. 180—183°, crystallised A second crystallisation from aqueous 
ethanol furnished the pure pyrazole (17-3 g.) in needles, m. p. 185° (Found: C, 64-1; H, 46; 
N, 17-4. C,3H,,O,N, requires C, 64:7; H, 4:6; N, 17-4%). 

5-A minomethyl-3-methylpyrazole.—The phthalimido-group was removed from the above 
compound (12 g.) as for the isooxazole derivative, furnishing the hydrochloride (4-3 g.), plates 
(from ethanol), m. p. 266°, of the base (Found: N, 27-9; Cl, 24-0. C,H, )N,Cl requires N, 
28-5; Cl, 24:1%). The free base was liberated from its hydrochloride by treatment with the 
stoicheiometric amount of sodium methoxide in methanol and had b. p. 164°/3 mm., m. p. 60°. 
This product was extremely deliquescent and absorbed carbon dioxide from the atmosphere 
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with great rapidity making analysis difficult (Found: C, 53-0; H, 8-1. Calc. for C;H,N;: 
C, 54:0; H, 8:1%). It formed a dibenzoate (Schotten—Baumann), plates (from ethanol), m. p. 
138° (Found: C, 71-5; H, 5-3; N, 13:2. -C,.H,,O,N, requires C, 71-4; H, 5:4; N, 13-2%). 

3-p-A minobenzenesulphonamidomethyl-5-methylpyvazole, prepared as in the isooxazole series, 
formed needles, m. p. 165—166°, from ethanol (Found: C, 49-6; H, 5-7; N, 21-0; S, 11:8. 
C,,H,,0,N,S requires C, 49-6; H, 5-3; N, 21-0; S, 12-0%). 

3(5) - Methyl-1-phenyl- 5(3) -phthalimidomethylpyrazole.—1-Phthalimidopentane-2 : 4-dione 
(8-2 g.) was refluxed with phenylhydrazine (3-6 g.) in benzene (500 ml.) for 1-5 hr. The solvent 
was then removed under reduced pressure and the semi-solid residue left in a desiccator overnight, 
whereupon it solidified. Crystallisation from benzene-light petroleum (b. p. 60—80°) furnished 
the pyrazole (6-5 g., 61%) as needles, m. p. 118° (Found: C, 71-9; H, 4-7; N, 13-2. C,,H,,0,N, 
requires C, 71-9; H, 4-8; N, 13-2%). 

5(3)-A minomethyl-3(5)-methyl-1-phenylpyrazole—Removal of the phthalimido-grouping as 
before from the foregoing pyrazole yielded the hydrochloride as leaflets, m. p. 258° (Found : 
C, 58-6; H, 6-1; N, 18-3. C,,H,,N,Cl requires C, 59-1; H; 6-3; N, 18-8%), and. thence the 
free base, a yellow oil, b. p. 138°/0-6 mm., n? 1-5922 (Found: C, 70-1;. H, 6-8. C,,H,3N, 
requires C, 70-6; H, 7-0%). 

2-A mino-4-methyl-6-phthalimidomethylpyrimidine.—1-Phthalimidopentane-2 : 4-dione « (24-6 
g.) was added to a refluxing mixture of guanidine carbonate (9 g.) in ethanol (200 ml.). . After a 
further 2 hours’ refluxing the mixture was kept at room temperature for 24 hr., the almost pure 
pyrimidine separating (5 g.). This formed needles, m. p. 237°, from dioxan (Found: C, 62-6; 
H, 4:6. C,,H,,O,N, requires C, 62-7; H, 4-5%). It had aA,,x, (in EtOH) 220 (e 44,800) and 
294 (c 6600) with a slight inflexion at 240 my (ce 15,000). 

2-A mino-6-aminomethyl-4-methylpyrimidine.—Fission of the preceding compound with 
hydrazine hydrate, as in the previous examples except that dioxan was used as solvent, gave the 
hydrochloride as needles, m. p. 265° (decomp.) (Found: C, 34-4; H, 6-0; N, 26-3. C,H,.N,Cl, 
requires C, 34:1; H, 5-7; N, 26 )3 Amax. (in O-IN-HCl) 223 (c¢ 14,580) and 301 my (¢ 6250) ; 
(in water at pH 7-0) 228 (e 12,75 
289 mu (e 4900). 

2-A mino-6-p-aminobenzenesulphonamidomethyl-4-methylpyrimidine, prepared as previously, 
formed prisms (from ethanol), m. p. 193° (Found: C, 49-4; H, 5:37; S, 10-3. C,.H,,;0O,N;S 
requires C, 49-1; H, 5-16; S, 10-8%). 

We are indebted to Dr. J. M. Vandenbelt (Parke, Davis & Co., Detroit), Miss E. M. Tanner, 
and Mr. G. Smailes for the spectroscopic measurements. 
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Infra-red Spectra of Carbohydrates. Part IV.* Characterisation of 
Furanose Derivatives. 


By S. A. BARKER and R. STEPHENS. 
[Reprint Order No. 5660.] 

Compounds containing a furanose or hydrofuranol ring are shown to 
exhibit infra-red absorption of types A, B, C, and D at 924 + 13, 879 + 7, 
858 + 7, and 799 + 17 cm.-1, respectively. Similar absorption is exhibited 
by derivatives containing two such fused rings or a hydrofuranol ring fused 
to a pyranose ring (3: 6-anhydro-derivatives). Tentative assignments are 
made. 


PREVIOUS work on the infra-red spectra of saturated five-membered ring systems has been 
concerned mainly with the assignment, to various modes of ring and methylene vibrations, 
of the absorption peaks of cyclopentane (Aston, Schumann, Fink, and Doty, J. Amer. 
Chem. Soc., 1941, 63, 2029; Miller and Inskeep, J. Chem. Phys., 1950, 18, 1519; Kilpatrick, 
Pitzer, and Spitzer, J. Amer. Chem. Soc., 1947, 69, 2483; Tschamler and Voetter, Monatsh., 
1952, 83, 303, 1228) and of tetrahydrofuran (Tschamler and Voetter, loc. cit.). The precise 
conformation of such systems, vital for any rigid assignment, has been much discussed. 
* Part III, J., 1954, 4211. 
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In a regular pentagon the interior angles are very close to the tetrahedral value (108°; 
cf. 109° 28’) so the planar structure is stabilised by forces tending to maintain tetrahedral 
bond angles. Conversely, the repulsions between the hydrogen atoms of neighbouring 
methylene groups, at a maximum in the planar structure, tend to produce torsional forces 
around the C-C bonds which would pucker the ring (Miller and Inskeep, Joc. cit.). It is 
now generally agreed that neither cyclopentane nor tetrahydrofuran has a completely 
planar ring, but that the puckering is so small (Kilpatrick, Pitzer, and Spitzer, loc. cit., 
calculate for cyclopentane a maximum out-of-plane displacement of 0-2 A) that, with a few 
exceptions, the selection rules for a planar ring can be followed. On this basis Tschamler 
and Voetter (loc. cit.) made the assignments of ring frequencies given in Table 1. 


TABLE 1. Assignments of ring frequencies. 
Frequencies (cm.-) 
Type of ring vibration cycloPentane Tetrahydrofuran 
CAI ao g oct sa shas ate ses anes sa sen sce casnsacaeses 207; 283 215; 276 
Bending .... E08 dads Mikes cinne tah 008 546 ? 596 


Symmetrical ring Breathing «......... ....25...ccssese0s 886 913 
SSEIIR MII cir nce ch the ee cunasiaanscapttn sri bim ten ecescebeh 1030; 1207 1028, 1071; 1174 


The present work, which is confined to the frequency range 710—1000 cm.-}, is concerned 
with compounds which can be regarded as derivatives of tetrahydrofuran, such as the 
furanose forms of sugars and certain anhydro-derivatives of polyhydric alcohols; it illus- 
trates how a series of infra-red absorption peaks may be useful in the identification of such 
a ring system, whether free, or fused either to a similar ring or to a pyranose ring. 


EXPERIMENTAL 
The spectra were measured with a Grubb—Parsons single-beam spectrometer, with a sodium 
chloride prism, the ‘‘ Nujol’’ mull technique being used. The Tables show the frequencies 
(cm.~!) of the absorption bands, together with indications of their relative intensities. 


DiscussION 

Identification of a Furanose or Hydrofuranol Ring.—All those compounds examined 
(excluding tetrahydrofuran itself) having a single furanose or hydrofuranol ring showed type 
A absorption at 924 + 13 cm. and type D absorption at 799 -- 17 cm."! (Table 2). In 
addition most of these compounds also showed type B absorption at 879 +. 7 cm.-! and 
type C at 858 +- 7 em}. 

When two such five-membered rings were fused together (Table 3) absorption attribut- 
able to type A and type D generally appeared in the form of doublets, still, however, 
with their respective average frequencies at 917 + 15 and 798 + 16 cm."!. In the case of 
| : 4-3 : 6-dianhydro-p-mannitol, where two identical hydrofuranol rings are fused together, 
single absorption peaks only were observed at 923 and 816 cm.-1, respectively. In addition 
most of these compounds (Table 3) also showed absorption of type B at 880 + 5 cm."! and 
of type C at 848 +. 13 cm.7}. 

Where a hydrofuranol ring is fused to a pyranose ring (Table 4) absorption peaks 
attributable wholly or in part to vibrations associated with types A (not distinguished 
from types 1 or 2b), B (870 +- 7 cm.~}), C (838 +. 16 cm."!), and D (798 +. 21 cm.~4) can still 
be found. 

Assignment.—(i) Type A. This absorption can be assigned to the symmetrical ring- 
breathing frequency. The fact that, in this range, the strongest polarised Raman shifts 
appear at 886 cm." in the spectrum of cyclopentane and at 913 cm.~! in that of tetrahydro- 
furan is strong evidence in support of such an assignment (Tschamler and Voetter, Joc. cit.). 
With two dissimilar hydrofuranol rings fused together, the ‘‘ doubling ’’ observed in type 
A absorption is to be expected because of interactions between the rings. 

When a hydrofuranol ring is fused to a pyranose ring as in the case of 3 : 6-anhydro- 
sugar derivatives (Table 4), the five-membered ring will tend to exist as nearly planar as 
possible, the pyranose ring adopting either the 1C chair form or the 1B boat form, depending 
on which form has the smallest total of non-bonded interactions between its polar groups 
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TABLE 2. Furan derivatives. 


CH,°OH 
O Ethyl a-p-glucofuran- 
HO--H /\. xX oside: X =H, Y 


Stat, 7 Tetrahydrofuran: X = H. c 
. Tetrahydrofurfuryl alcohol : OEt. 

Ne af X = CH,°OH.- on Ethyl f-p-glucofuran - 

H H oside: X = OEt, Y 


H H i: 3 


CH,-OH 
| O 


X-|-Y H 


Nou 10 f 


3: 6-Anhydrosorbitol: X = H, Y = OH, Z = 
1 : 4-Anhydro-p-mannitol: X = OH, Y = H, Z = H. 
Methyl «-p-mannofuranoside : X = OH, Y H, Z = OMe. 


CH,-OH 
O 
Pd xX 


OH f-p-Fructofuranose. 7 Methyl-p-ribofuranoside. 
uf H,OMe 


H HOS? 
H ‘== CH,°OH 
OH H ? OH OH 


Key: m moderate strength; s = strong; v very; w = weak. 


Frequencies (cm.') of absorption peaks 
i vA _ 
Type Other Type Type Type Type Other 
Compound Other peaks A peaks B C 2a peaks 
Tetrahydrofuran ¢ 913s - 
Tetrahydrofurfuryl 980 s 920s 896w 870m 850m 
alcohol 
Ethyl «-p-glucofuran- 951 m * 927w 915s, 884w 353 s 306 s 769 vs TF 
oside 902 w 
Ethyl 8-p-glucofuran- 966 w, 940s* 928s —- 886s yi - 94s 767 m t 
oside 
3 : 6-Anhydrosorbitol 981s 933 s 886 s 367 s 781m 
1 : 4-Anhydro-p-man- 995 vs, 949 vs 929s ~- 880s 368s - 782s 
nitol 
Methyl «a-p-mannofuran- 986 vs, 958 vs* 904m 384 vs 368 - 783 vs 
oside 
2:3:5: 6-tetra-O- 986 s, 971 s,* 898s — — 7 - 819 m, 
acetyl- 958 s,* 942 s * 778m 
Methyl p-fructofuran- 967 vs * 943 vs — 388 w 47 Ww - 833 s 
oside, 3: 4: 6-tri-O- 
methyl-§ 
Inulin (poly-1 : 2-8-p- 984 vs 933 vs y - - 813 m 
fructofuranoside) 
O-a-b-Glucopyranosyl- 928 vs : 812m 
(1 —> 2)-O-B-fructo- 
furanosyl-(1 — 2) p- 
p-fructofuranoside 
Levan (poly-2 : 6-B-p- 984 w, 971 m 919 vs - — - 803 m 
fructofuranoside) 
O-a-b-Glucopyranosyl- 990 vs, 947s 924 vs 3 855w 842m, 806s 729 m 
(1—> 2)-O-f8-p-fructo- 83l w 
furanosyl-(6 —> 2) B- 
v-fructofuranoside 
Methyl p-ribofuran- 2 942 m 
oside § 
Mean and standard de- - 9244.13 - 879 +7 858+ 7 
viation 


i 


* C-O stretching mode of methyl and ethyl ethers and acetates. 
¢ CH, rocking of ethyl group. 
t Cf. Shreve, Heether, Knight, and Swern, Anal. Chem., 1951, 28, 277. § Syrup. 
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TABLE 3. Derivatives containing two fused hydrofuranol rings. 


CH, CH, 
Lae LP 
HO--H|/\. 0 HO-|-H| 7\ 


NS Py er 
<>, Ko xo y H,OMe 
Ho" H qi" 


H OH H H OH 


1 : 4-3 : 6-Dianhydro- 3 : 6-Anhydro-f-p- Methyl 3: 6-anhydro- £-p-Glucuronofurono- 
p-mannitol glucofuranose p-mannofuranoside 6 —> 3-lactone 


Frequencies (cm.-!) of absorption peaks 
-_ - ee —— 


Fae ay 
Other Other 
Compound peaks Type A Type B Type C BS peaks 
1 : 4-3 : 6-Dianhydro-p-mannitol 966 s 923s — 842 m j 
2 : 5-di-O-methyl- 981 vs, 915s 880 vs 846s 
944s * 
1 : 4-3 : 6-Dianhydro-sorbitol f 976 s, 922 m 884 m 865 m 
951 m 
3 : 6-Anhydro-p-glucofuranose 964 vs 935 m, 875 m 867 m 
906 m 
2-deoxy- 975 vs, 928 m, 887 w 833 m 
941 m 896 w 
p-Glucuronofurono-(?)6 —> 3- 945 s 933 vs, — 840 s 
lactone 903 s 
Methyl 3 : 6-anhydromanno- 970 vs, 933 m, 876 vs 846 m 
furanoside 953 vs * 895 vs 
Mean and standard deviation ~ 917+15 880+ 5 848+ 13 798 + 
* C-O stretching mode of methyl ethers. t Syrup. 


89 m, 
53 m 


7 
7 


(Foster, Overend, and Vaughan, /J., 1954, 3625). Under such conditions, the main absorp- 
tion peaks to be expected in this region are those analogous to types A, B, C, and D of a 
single hydrofuranol ring and those of types 1, 2a, 2b, 2c, and 3 of a single pyranose ring. 
It will be recalled (Barker, Bourne, Stacey and Whiffen, /., 1954, 171; Barker, Bourne, 
Stephens, and Whiffen, J., 1954, 3468) that type 1 at ca. 910 cm.“! and type 3 at ca. 760 cm. 
have been assigned to vibrations of the pyranose ring, while types 2a at ca. 830 cm."1, 20 at 
ca. 890 cm.~1, and 2c at 870 cm.! were believed to involve the deformation modes of an 
equatorial C,,-H, of an axial C,H, and of other equatorial carbon—hydrogen bonds 
around the pyranose ring (e.g., Cj-H and C,,—H), respectively. Table 5 shows the various 
equatorial and axial dispositions of the carbon hydrogen bonds around the pyranose ring 
of a 3: 6-anhydro-sugar derivative adopting a given conformation. No attempt has been 
made in the case of the 3 : 6-anhydro-sugar derivatives to distinguish absorption attribut- 
able to type A of the hydrofuranol ring from that of type 1 or 2d of the pyranose ring since 
they appear within the same range. 

(ii) Type D. This absorption can be assigned tentatively to a carbon—hydrogen de- 
formation mode where the hydrogen is present on a carbon atom directly attached to a 
ring-oxygen atom of a furanose or hydrofuranol ring. Whereas in the pyranose ring the 
carbon—hydrogen bond can be either axial or equatorial, such bonds are in relatively 
equivalent positions where the carbon atom is incorporated in a furanose ring and a general 
differentiation between «- and £-furanose glycosides is not to be expected on such a basis. 
Table 2 shows that a carbon—hydrogen bond incorporated in the grouping (I) displays an 

absorption frequency (type D) relatively independent of X (other than X = H). 
: Further evidence for such an assignment is that while methylcyclopentane does 
eo not show type D absorption, methyltetrahydrofuran (Barrow and Searles, /. 
x Amer. Chem. Soc., 1953, 75, 1175) and tetrahydrofurfuryl alcohol do so at 800 

(1) and 810 cm.~1, respectively. It is interesting that in the 3 : 6-anhydro-aldo- 
pyranose derivatives (Table 5), the pyranose ring does not apparently interfere with type 
D absorption and still retains its symmetrical type 3 ring-breathing frequency at 747 + 11 
cm.7}, 

(iii) Types Band C. It may be that absorptions of types B and C in general arise from 
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TABLE 4. 


H 


HO 
OH 


OMe 


Methyl 3 : 6-anhydro-z-p- 


glucopyranoside 


Compound and 
probable pyranose 
contormation 
Methyl «-p-glucopyran- 

oside (Cl) 
3 : 6-anhydro- (1C) 


2-deoxy- (Cl) 
3: 6-anhydro-2-de- 
oxy- (1C 


Methyl «-b-manno- 
pyranoside (Cl) 
3: 6-anaydro- (1C) 


3: 6-anhydro-2-O- 
methyl- (1C) 
3: 6-anhydro-2 : 4-di- 
O-methyl (1C) 
Methyl S-p-manno- 
pyranoside f (Cl) 
3 : 6-anhydro- (1C or 
1B) 
3 : 6-anhydro-2 : 4-di- 
O-methyl- (1C or 1B) 
Methyl a-p-galacto- 
pyranoside (Cl) 
3 : 6-anhydro- (1C) 


3: 6-anhydro-2-de- 
oxy- (IC) 
Methyl f-p-galacto- 
pyranoside (Cl) 

3 : 6-anhydro-2 : 4-di- 
O-methyl- (1B) 
Mean and standard de- 
viation of 3: 6-an- 

hydro-derivatives 


Methyl 3 : 6-anhydro- 
a“-D-mannopyranoside 


HO 


Part IV. 


CH, 


H 
H 


Derivatives containing fused hydrofuranol and pyranose rings. 


i——O 


i 
C1 


OH 


OMe 


Methyl 3 : 6-anhydro-«-p- 


galactopyranoside 


Frequencies (cm.“') of absorption peaks 
A _ 


as _aaree 
Includes C-O Types A, 


stretching of 
methyl ethers 
992 vs 


987 vs, 942s 


966s, 914s 
997 s, 978s 


972s 


990 s, 967 m, 
942s 

987 vs, 

963 vs 

984 m, 


947 m 
984 vs, 


956 vs 
955 vs 


997 vs, 
963 vs, 
997 vs, 
966s 
987 m, 966 vs 
951 vs 


981s 


970 vs, 944 vs, 
928 vs 


1, and 
2b 


896s 


909 vs, 
892 vs 
896s 
916 vs, 
909 


914 


919 
913s 
929 
907 s 
935s 
901 
928 
896 
897 


901 
892 
923s 


924 
903 


9l4v 


940 s 
887 
907 vs, 
898 vs 


Type B 


(or 2c) 


868s 


868 vs 
888 w 
878s 
873 vs 
878 m 
875s 
870s 
876 m 
868s 
865 w 
860 vs 


868s 


Other 
peaks 


Type C 
(or 2a) 


Type 
2a 


840s 


Type 
D 


“= 


Type 


745s 


842s 


870s * -- 
-- 843 vs 


849 m 

853 s 

854 w 
830 m 
814 vs 
826s 859 m 
847s 835 m 
850 vs * 834 vs 
821 vw 


8lls [811s] 


[814 vs] 


742 vs 


837 vs 760s 
—- 26s, 737s 


790 vs 
843 m - 


801s 
823 vs 
810 vs 
8l1lm 
795 vs 
739 m 
753 m 
818 vs 784 vs 
734 vs 
754s 
782 vs 


733s 


* CH, rocking (deoxy-group). Syrup. 


TABLE 5. Disposition of carbon—hydrogen bonds in a 3 : 6-anhydropyranose derivative. 


3 : 6-Anhydro-derivative 
of v4 


Conformation 


of pyranose 


Equatorial 
hydrogens on 
carbon atoms : 


Axial 
hydrogens on 
carbon atoms: 


Expected 


typ 


e 2 


absorption 
2b, 2 
2b, 2 
2a, 2 
2b, 
2b, 


2a, 


a-p-Glucopyranose , 5 1 
a-b-Mannopyranose , 3, 4 2 
8-p-Mannopyranose 
8-p-Mannopyranose ......... 

p-Galactopyranose ......... , 2 é 4 


B-b-Galactopyranose 4 
modes of vibration involving the skeletal stretching of the substituents, the latter type 
being possibly more concerned with the OH group and the former with side chains of the 
type C-CH(OH)-CH,°OH (cf. Kohlrausch, Reitz, and Stockmair, Z. physikal. Chem., 1936, 
B, 32, 229; Barrow, J. Chem. Phys., 1952, 20, 1739). Finally, since it is unlikely that in 
fused systems one ring can be regarded as the side chain of the other, it is probable that 
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type B absorption in such systems is due to the rocking vibration of the methylene group 
in the hydrofuranol ring, although in the case of some 3 : 6-anhydro-derivatives (Table 5) 
type 2c absorption is to be expected in this same region. 


The authors are indebted to Professor M. Stacey, F.R.S., Dr. E. J. Bourne, and Dr. D. H. 
Whiffen for their close interest in this work and to Dr. W. G. Overend and Dr. G. Vaughan for 
gifts of 3 : 6-anhydro-derivatives. They also thank the British Rayon Research Association 
and Courtaulds’ Scientific and Educational Trust Fund for the award of scholarships (to S. A. B. 
and R. S., respectively), and the Royal Society for a grant for the purchase of the spectrometer 
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The Infra-red Spectra of Inorganic Phosphorus Compounds. Part II.* 
Some Salts of Phosphorus Oxy-acids. 


By D. E. C. CorsripcE and E. J. Lowe. 
[Reprint Order No. 5575.] 


The infra-red spectra of 61 salts of phosphorus oxy-acids have been 
examined in the rock-salt region, and general absorption regions character- 
istic of each class of anion are tabulated. Correlations are suggested for 
P-F, P-OH, PO,?-, P-CH, and other structural groupings. Previous 
frequency assignments have received additional confirmation and the 
relation of absorption to structure in these compounds is discussed. 


In Part I * the spectra of a number of inorganic salts of phosphorus oxy-acids were recorded 
as dry powders in the rock-salt region. The absorption bands lay in a number of regions, 
characteristic of each type of anion and several correlations with structural groupings were 
suggested. This work has now been extended and further correlations of absorption with 
molecular structure have been made. 


EXPERIMENTAL 
All spectra were recorded on a Perkin-Elmer 21C Double-beam Spectrometer. The 
phosphate salts were examined as dry powders spread on rock-salt plates, the techniques and 
conditions previously described (Part I, Joc. cit.) being used. 


RESULTS AND DISCUSSION 

In Table 1 the principal regions of absorption characteristic of each type of ion are 
listed, together with the results from Part I. These regions are based only on the 
compounds examined, and a survey of a larger number of salts might in some cases 
necessitate slight extension of the frequency coverages. The absorption spectra of the 
anions may be affected by crystal-structure environment, the nature of the positive ions, 
hydrogen-bonded water, interaction with lattice frequencies, etc. (Part I, loc. cit.). In 
view of this, salt-by-salt comparison is liable to be less significant than the general 
absorption regions characteristic of each class of anions as a whole. 

The Figure shows some typical spectra given by the present series of salts. The 
hydrated salts all absorb near 3300 and 1640 cm.-! which can be ascribed to the O-H 
stretching and bending vibrations of the water of crystallisation. Some characteristics 
of the spectra of the oxy-ions below 1500 cm."! are as follows and a full list is given in 


Table 3: 


Phosphorofluoridates (monofluorophosphates) (1). 
1210—1120 cm.!: a very strong broad peak (sometimes an additional strong peak at 
1210—1070 cm.-}) 
1022—-990 cm.!: a strong or medium absorption—one or two peaks. 
832—721 cm.: a broad absorption, sometimes resolved into two peaks. 


* Part I, J., 1954, 493. 
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Hvpophosphates (II). 
1143-1040 cm~-!: several strong absorptions 
931—892 cm.1: a strong peak, sometimes resolved into a doublet. 
848—832 cm.?: a weak absorption in some salts. 


Dihydrogen hypophosphates (111). 
1270—1240 cm.7+: a single peak of fairly strong intensity. 
1151—1042 cm.-!: several strong peaks. 
928—915 cm.!: medium absorptions. 
870—869 cm.1: a weak absorption. 


Meth, lphosphonates (IV). 
1430—1420 cm.1: a very weak absorption. 
1323—1300 cm.-!: a sharp peak of medium or strong intensity. 
11241030 cm.1: a very strong absorption consisting of at least two peaks. 
1000—964 cm.!: a strong absorption—single peak or close doublet. 
877—818 cm.+: a medium or weak absorption. 
768—758 cm.1: a fairly strong absorption. 
730—704 cm.+: absorption in some salts. 


Dimethylphosphinates (V). 
1430—1420 cm.1: a very weak but distinct absorption, stronger than in the monomethyl 
salts 
1310—1290 cm.+: a medium strong peak, in some cases a doublet. 
1170—1130 cm.!: a very strong peak. 
1070—1025 cm.!: a very strong peak. 
872—852 cm. : a strong or medium absorption. 
740—725 cm.!: a medium strong absorption. 


Phosphoromonothioates (V1). Well-defined spectra were not given by these salts, which 
were difficult to obtain pure because of decomposition, but the absorptions appear to fall into 


four regions : 


1110—1010 cm.+: the strongest absorption consisting of a single broad peak. (Some 
other bands up to 1135 cm.“ in some salts.) 
990—970 cm.+: a strong or medium absorption. 
955—935 cm. | : : : ; 5 = 
5 pe peaks of variable intensity, but usually weak, owing possibly to impurities. 
870—850 cm.~* j . : ’ , 
Pevoxydiphosphates (VII). 
1157—1070 cm.!: the strongest absorption, usually a single broad peak. 
1000—980 cm.*!: a single strong peak. 
767—720 cm.!; a very broad absorption of variable intensity. 


Phosphonitrilates (VIII).—The positions of some of the general absorption regions occur 
in a similar sequence to those of the cyclic metaphosphates (Table 1). The powder spectra of 
the triphosphonitrilates and the tetraphosphonitrilates are not generally sufficiently different 
for them to be recognised as such, although a particular metal salt should be capable of 
recognition from its spectrum. The absorptions are classified as follows : 


Tviphosphonitrilates. 
1351—1299 cm.1: a medium strong peak. 
1223—1190 cm.!: a strong absorption, usually one peak. 
1125—1106 cm.1: a weak peak. 
1060—1040 cm. : a very strong peak. 
960—940 cm.!: a strong broad absorption. 
850—798 cm.1: a weak broad absorption. 
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Tetraphosphonitrilates. 
1375—1329 cm.!: a medium strong peak (in some cases two). 
1220—1163 cm.-!: a strong absorption, usually a single peak. 
1115—1090 cm.-!: a weak peak. 
1062—1050 cm.-!: a very strong peak. 
970—952 cm.1; a strong broad absorption. 
910—898 cm.1; medium or weak absorption. 
807—788 cm.1: usually medium absorption. 


. O07 On oq ~ oO 7° 
F—PO O>P—PLO E >P—I <on | 
No 0” NO OF Ne) 
(11) (111) 


(1) 


CH;\ 3- O so 7 
> a eee <= | oro 0-60 | 
CH./ ‘ 07 So _ 
: (VI (V 


I) 


Wave -number (cm.") 
800 700 5000 
1 1 = 100 i 


Plt 


3000 2000 1500 
a a Rie ee 


Absorption (%)> 


Ss 
S) 


qT ' 0 TT T T T ' ' T T ——_e 
/4 2 o 8 10 72 /4 

Wave -/ength (1) 

A, Ba,P,0,; B, Ca,H,O,,4H,O; C, SrPO,;Me,2H,O; D, P,N,(OH),(ONa),,2-5H,O; 


E, NaBaPSO,,8H,O; F, Na,H,P,0,,*H,O; G, SrPO,F,*H,O; H, Me,PO,Na; 
I, P;N;(OH),(ONa);,4H,O; J, P,N,(OH),(OK),. 


T 
12 


The absorption spectra of the anhydrous acid tetraphosphonitrilates are roughly similar to 
those of the basic salts (Table 1). A noteworthy difference, however, is in the region of 1360— 
1355 cm.! which contains a strong doublet in all cases. At higher frequencies the absorption 
near 2650 cm.-!, although weak, is more distinct and stronger than the corresponding absorption 
in the more basic salts. 
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In Table 2 are given suggested assignments of the characteristic absorption bands to 
the various structural features of the oxy-acids. A discussion of these follows. 

P-O Linkages——The ionic phosphate vibration has already been connected with 
absorption at 1040—1000 cm. (Colthup, J. Opt. Soc. Amer., 1950, 40, 397), 1110— 
1050 cm.~! (Bellamy and Beecher, J., 1952, 1701), and 1170—1000 cm."} (Corbridge and 
Lowe, loc. cit.). In the present series of compounds, all anions containing P—O linkages 
are again found to give very strong absorption in this region. The difference in position 
of the ionic phosphate absorption bands of the phosphorofluoridates and the methyl- 
phosphonates is interesting and is probably connected with the large difference in electro- 
negativity of the attached fluorine and methyl groups in each case. 


TABLE 1. Principal absorption regions in salts of phosphorus oxy-actds. 


Wave -number(cm-") 
4000 2000 7500 7000 +=900 800 700 


5 ee T T UL ies AAA Rs ORR 


Tribasic orthophosphates 
Dibasic orthophosphates 
Monobasic orthophosphates 
Phosphorofluoridates 


Methylphosphonates 


Monobasic phosphoramidates 


Tetrametaphosphates 


Triphosphonitrilates 
Tetraphosphonitrilates 
Acid tetraphosphonitrilates 


Phosphites 


Hypophosphites 


Dimethylphosphinates 


* 
Phosphoromonothioates 
Hypophosphates 
Dihydrogen hypophosphates 
Peroxydiphosphates 
Pyrophosphates 
Acid pyrophosphates 
Triphosphates 
Linear metaphosphates 
Trimetaphosphates 
6 


2 4 8 10 
Wave -/ength (4) 


Unfilled rectangles denote absorption in hydrated salts only. 


lhe effect of an increase of the electronegativity of the substituent groups leading to an 
increase of the P=O stretching frequency in organophosphorus compounds has been noted 
by Daasch and Smith (Analyt. Chem., 1950, 28, 853). The ionic phosphate bands of the 
phosphoramidate and peroxydiphosphate ions are at higher frequencies than those of the 
phosphite and phosphoromonothioate ions (Table 1), but more extended correlations may 
be misleading owing to complicating effects of crystal structure. The position of the ionic 
phosphate bands may be reflected in variations of the P—O bond lengths between different 


[1954] Inorganic Phosphorus Compounds. Part II. 4559 


classes of anion, but no accurate bond-length data are available for comparison in com- 
pounds of this type. Bellamy and Beecher (/J., 1953, 728) note that the ionic phosphate 
bands in certain aliphatic salts occur at higher frequencies than those given by aromatic 
salts, which they associate with electronegativity differences. 
~ 0 12- 
4 

The —P—O | Group.—In Part I (loc. cit.) it was suggested that the symmetrical 
stretching of the P-O linkages in this group might account for the absorption observed 
near 980 cm. in the phosphite and phosphoramidate ions. Bands at about 1030 and 
980 cm."! in trialkyl phosphate have been attributed to antisymmetrical and symmetrical 
stretching of the three P—-OR bonds (Bergmann, Littauer, and Pinchas, J., 1952, 847). 
In more recent studies, however, Bellamy and Beecher, 1953 (loc. cit.) attribute these two 
absorptions to O—-C and P-O stretching in the P—O-C linkage. 


TABLE 2. Suggested characteristic absorption bands. 


Wave- number (cm>") 
4000 2000 1500 1000 800 700 650 
Ke ere TCC EGY wee FY eer re ee ee 
| ! ! ' ! ' i ' ! _ ee ! 
mmm O-H stretching in hydrates 
mms Banded N-H stretching 
mm P-O-H stretching 
m P-H stretching 
ms O-H bending in hydrates 
a NH; jon 
™ P-CH; rocking 
mmm P-OH deformation in acid sa/ts 
gms P=0 stretching 
Gam f07/c P-O stretching 
cao — PQ group 
mmm P-O-P stretching 
wus =P-O-H bending 
emus P-F stretching 


emums P-O-P in ring systems 
ams P-C stretching 
ames Harmonics of P-O-P bending 
m P-N stretching 


i] L L I 1 L l L L l 
10 12 I 16 78 20 22 
Wave-/ength (ut ) 


In the present series of compounds containing no P-O-C linkages, a distinct absorption 
appears at 1022—990 cm."! in the phosphorofluoridates, 1000—964 cm.“! in the methyl- 
phosphonates, 1000—980 cm.-! in the peroxydiphosphates, and at 990—970 cm."! in the 
phosphoromonothioates. This absorption, which appears to be associated with the 
—PO, grouping, is generally of medium or strong intensity and sometimes split into a close 
doublet, but is always weaker than the main ionic phosphate band at higher frequencies. 
The same characteristic absorption is noticeably absent from the hypophosphites, the 
dimethylphosphinates, and ammonium phosphorodifluoridate (see Table 3). 

P—-OH linkages.—A very weak, broad absorption is produced by most of the acid hypo- 
phosphate and the tri- and tetra-phosphonitrilates near 2700cm."!. This we assign to P-O—H 
stretching and is in accordance with results reported previously (Part I, oc. cit.) for acid salts. 

Absorption due to P-O-H bending has been ascribed to the 1050—850 cm.~! region 
(Bellamy and Beecher, Joc. cit., 1953) and all anions containing such a group are observed 
to absorb here, although this absorption could be due to other causes (Part I, loc. cit.). 
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Characteristic of the acid phosphate ions are medium or strong absorptions at about 
1400—1220 cm.~! (cf. acid hypophosphates, acid pyrophosphates, and acid orthophosphates 
with the corresponding neutral salts). This absorption, which is most marked with the 
cyclic phosphonitrilates, appears to be connected with the P-OH linkage, and presumably 
arises from some deformation mode of this group. 

P-F Linkage.—The absorption at 8835—720 cm.~! found in all the phosphorofluoridates, 
is probably due to P-F stretching. Ammonium phosphorodifluoridate also absorbs in 
this region. P-—F stretching has been assigned to the region 990—840 cm.! in PF,, POF, 
and PF, (Gerrard, J., 1940, 1454; Delwaulle and Francois, Compt. rend., 1947, 224, 1422; 
Gutowsky and Liehr, J. Chem. Phys., 1952, 20, 1652); and 980—740 cm."} in organo- 
phosphorus compounds (Daasch and Smith, doc. czt.). 

P—CH, Linkage.—By analogy with such compounds as Me,P and Me,PO (Daasch and 
Smith, /. Chem. Phys., 1951, 19, 22), the P-C stretching vibration is to be expected in the 
region 750—650 cm.-!. Daasch and Smith observed absorption near 750 cm." in a number 
of organophosphorus compounds containing P-C links, but owing to interfering absorptions 
were not able to make a decisive assignment. The methylphosphonate absorptions at 
768—758 cm. and the dimethylphosphinate absorptions at 740—725 cm."! are probably 
connected with P-C stretching. The other absorptions, at 877—818 cm.? in the mono- 
methyl salts and at 872—852 cm." in dimethyl salts, may be connected with C-H rocking. 

No strong bands are given by the methylphosphonates in the 2900—2800-cm.~! region 
in which C-H stretching absorptions usually appear. Absorptions connected with water 
vibrations occur at 3450—3150 cm.~! in these salts, but no shoulder bands are evident in 
the adjacent methyl C-H stretching region and this absorption must therefore be very 
weak. In the methyl C-H bending region near 1380 cm. only very weak inflexions are 
evident on the methylphosphonate absorption curves, but a distinct, although very weak, 
absorption is found near 1420 cm.~! in the dimethylphosphinates. 

It may be inferred that the reduction of intensity of these absorptions is associated 
with a weakening of the methyl group dipole induced by the attachment to phosphorus. 
Wright and Hunter (J. Amer. Chem. Soc., 1947, 69, 803) noticed a similar effect with 
Si-CH, groups where the C-H bending and stretching absorptions were reduced to about 
one quarter of the intensity usually observed when the methyl group is attached to carbon. 

The sharp absorption (sometimes a doublet) near 1320 cm.! we attribute to the 
phosphorus—methyl rocking vibration. This may be compared with the rocking frequency 
near 1260 cm.-! in the Si-CH, group (Wright and Hunter, Joc. cit.) and near 1250 cm." in 
the C-CH, group (Torkington, J. Chem. Phys., 1950, 18, 768). Like the Si-CHg, rocking 
absorption, that of P—CH, is stronger than that given by C-CH,, moreover the absorption 
due to P-C stretching is also fairly intense. These facts indicate a relatively strong dipole 
moment of the P—CH, linkage. The presence of such a dipole might account for the 
observed weakening of the C—H vibrations of the methyl groups. 

Phosphonitrilates.—The phosphonitrilates all give strong bands at 1400—1220 cm."! 
and in most cases a weak absorption is found near 2700 cm.!. These absorptions have 
already been associated with P-OH groups and their appearance may be an indication of 


‘OH 
(IX (a) 


formula (IXa) rather than (IXd) (Audrieth, Steinman, and Toy, Chem. Reviews, 1943, 82, 
109) for the constitution of anions of this type. The more pronounced P—OH stretching 
and deformation bands observed in the isomorphous acid tetraphosphonitrilates (Corbridge, 
Acta Cryst., 1953, 6, 104) may be associated with the extra hydroxyl groups present in 
this anion (IXc). 
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TABLE 3. 
Phosphorofluoridates 
(1) NH,PO,F, 

2900—2550 mw, bv 
6 1445 w, sh 
(14145 

1262s 

1125s 

1005 vvw 
fs 870 w, sh 
l 832s 


(2) (NH,),PO,F,H,O 
~2600 w, vb 
j 1430 s, b 
(1370 w, sh 
§ 1170 w, sh 
(1138s 
1070 s 
990 ms 
755s 


3) Li,PO,F,3H,O 
3330 m 
1635 mw 
(1160s 
(1120 s 
1020 mw 
832 mw, b 


) Na,PO,F 
~1205 vw, sh 
1170s 
1019 w, sh 
1010 mw 
763 m, b 
721m 


5) K,PO,F 
1210 vw, sh 
1166s 
1013 ms 
738 m, b 


(6) CaPO,F,*#H,O 
3500 m 
3030 m 
1640 mw 
1160 vs 
1018s 
797 ms 


) SrPO,F,*4H,O 
3340 m 
1655 mw 
1182 s 
1120 vs 
1022 m 

§ 823m 
l 808 m 


(8) BaPO,F 
6 1163s 
(1127 vs 
1005 ms 
~ 745 m, 


(9) PbPO,F 
~1110 vb, vs 
§ ~1000 vw, sh 
L 990 m 
~ 783 m, b 


(10) Ag,PO,F 
41210 w, sh 
1162 s 
1018 w, sh 
1010 m 
760—720 m, vb 


Hypophosphates 
(11) Na,P,0,,10H,O 
3320 vw, sh 
3140 m 
2990 m 
1645 w 
1125 vw, sh 
1062 vs 
916s 


(12) K,Na,P,0,,10H,O 
4 3275 mw, sh 
12980 ms 

1660 w, b 
1103 vw, sh 
< 1080 m, sh 
{1050 vs 
911s 
832 w 
~ 750 vw 


(13) Ca,P,0,4,2H,O 
~3100 m, b 
1640 w, b 

f 1135 vw, sh 

¢ ~1090 vs, b 

{ 1020 vw, sh 

922s 
~ 860 vw, b 


(14) Sr,P,0,,2H,O 
3360 m, b 
1640 w, b 

1136 vw, sh 
| 1103 vs 
\} 1075s 
| ~1020 vw, sh 
978 vw 
sé 931s 
Ll 922s 
~ 848 vw, b 


(15) Ba,P,0, 

1112 m 
1090 vs 
1061 w, sh 
1028 vw 
1009 vvw 
954 vvw 
921s 
905 s 


(16) Pb,P,O, 
§ ~1076 m, b 
Ll 1040s, b 
892 ms 


Part II. 


Positions and intensities of infra-red absorption bands. 
Dihydrogen hvpophos phates 


(17) (NH4)sH,P,0, 
~3200 w, sh 


2970 
2880 
2775 


1845 
1680 
1559 
1541 
1480 
1455 
1414 m 
1240 ms 
1128 vs 
1043 vs 
969 s 
915s 
870 vw, sb 
694 vw 


(18) Na,H,P,0,,xH,O 


3490 
3360 
3250 

2780 

1652 

1270 ms 

1151s 

1094 ms 

1042 ms 
928 m 
869 mw 
764 vw, b 


(19) Rb,H,P,0,,xH,O 
3460 w, sh 
3350 m 
3230 w 

~2760 vw 
1645 mw 
1266 ms 
1149s 
1092 ms 
1046 m 
994 m 
927 mw 
869 mw 
845 vw, sh 


Methylphosphonates 
(20) Na,PO,Me,6H,O 
3230 m, b 
1645 w 
1426 vvw 
1310 w 
f ~1062 vs 
lL 1035s 
973s 
831 m, b 
757 ms 
702 ms, vb 


(21) MgPO,Me 
1425 vvw 
1310 mw 
f 1102s 
(1016s 
985 vw, sh 
770 m, b 


4561 
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TABLE 3. (Continued.) 


(28) NaPO,Me, Phosphoromonothioates 


(22) CaPO,Me,2H,O 


{ ~3350 
3250 
1670 
1420 
1323 

gp 1124 
(1100 
1030 
987 
877 
768 


vw, sh 
mw 
mw 
vVVw 
mw 
vw, sh 
Ss 

vs 

m 

vw 

m, $s 


(23) SrPO,Me,2H,O 


8400 
3175 
1640 
1428 
1308 
1091 
1052 
1000 

876 


vw, sh 
m, b 
vw, b 
VVw 
w 

s 

s 

m 

vw 


837 m, b 
764 m 
(24) BaPO,Me 
1421 vvw 
1302 mw 
1115 w, sh 
1087 w, sh 
1053 vs 
977s 
~859 vw, vb 
759 m, s 
(25) Ag,PO,Me 
§ 3330 m 
(3175 m 


1670 
1430 
(1315 
1307 
1055 
4 1037 
1008 


Vw 
VVW 
Ww 

Ww 

vs 

m, sh 
m, sh 


977 vw, sh 
968s 
835 w, b 
760 ms 
704 m, b 
(26) PbPO,Me 
1420 vvw 
1300 w 
1057 s 
993 s 
964 s 
§ 763 m 
C758 m 


1420 w 
1295 m 
1168 s 
1068 s 
1028 w 
862 vw 
852 m 
725 m 
695 vw 


(29) KPO,Me,,xH,O 
3200 s 
2911 vw, sh 
1633 m, b 
1422 w 
1292 ms 
1153 vs 
1048 s 
918 m, b 
856 s 
778 w, b 
722 m, b 
~687 vw, vb 


(30) Ca(PO,Me,),,+H,O 


~3030 w, b 
1605 w, b 
1419 w 
1294 m 
1131s 
1041 s 

973 vw, b 
917 w, b 
862 m 
738 vw, b 


(31) Sr(PO,Me,).,¥H,O 
~3270 s 
1650 w, b 
1420 w 
1297 m 
1120s 
1040 s 
990 m 
~935 vw, sh 
863 ms 
769 m 
737 m 


(33) Na,;,PSO,,10H,O 

3430 s 

1642 mw 
1252 w 

¢ ~1157 ms 

U ~1125 ms 
1068 s 

988 vw 

952 ms 

860 ms 


(34) NaCaPSO,,8H,O 
~3040 m, b 
~1640 w 

1101 m, sh 
~1030 s, b 
~ 952 w, sh 


~ 865 w, b 


(35) NaSrPSO,,8H,O 
~3140 m, b 
~1620 vw 

1262 w, b 
1135 m, sh 
1053 s 
1006 s 
~844 w, b 


(36) NaBaPSO,,8H,O 


~ 3080 m, b 
~1650 w, b 
1240 vw, b 


~1143 w, sh 

1104s 
1073 s 

984 m, w 

854 m, b 


(37) Co3(PSOs)2 
~3250 m, b 
~1608 w, b 
~1080 s 
~1038 s 

{ ~ 990s 
~ 897 vw, vb 


(38) Ni,;(PSO3). 
3360 m 

2900 w, sh 

~ 1636 w, b 


Dimethylphosphinates 
(27) LiPO,Me, 


~1420 
1309 
1290 


1048 s 
1026 s 


971 
922 
871 
740 
698 


Vw 
mw 
ms 
ms 
Vw 


(32) Ba(PO,Me,),,xH,O 


~3200 mw, vb 
~1625 w, b 
1420 w 
1291 ms 
1130 vs 
1044 vs 
975 w, b 
915 w, b 
861s 
810 w, b 
753 vw, sh 
735 m 


¢ 1117 w,sh 
U ~1040 s, b 
~ 889 w, b 
~855 w, b 


(39) Pb,(PSOs). 
1610 vw 
1018 s, b 
960 w, sh 
924 w 
| ~874 vw, sh 
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TABLE 3. (Continued.) 
Peroxydiphosphates (47) P;N,;(OH),;(ONa)(O,Mg),6H,O (53) P,N,(OH) (OK), 
(40) Li,P,O,,xH,O 3175 m, b 3020 m 
299 2690 v, w 2650 w 
a 1645 w ~1650 vw, vb 
slllis 1310 m 1358 m 
11070 vs 1210s 1340 m 
rie ata 1125 vw 1215 s 
"67 wy 1059 s 1182 vw 
ee Te 950 s, b 1140 w 
(41) Na,P,0,,#H,O 323 vw, b 1060 w 
3100 by ‘ ¢ 1002 vw, sh 
‘aan’ (48) P;N;(OH),(ONa)(O,Ca),4H,O 1. 980—900 m, vb 
1118 ™ = 3200 m. b 804 w, b 
{ 580 2630 VVW 


1075 s =p 
1000 s 1635 w (54) P,N,(OH),(ORb), 
~735 w, vb 1317 ms 3000 m 
1200 s, b 2630 w 
(42) K,P,0,,xH,O 1116 w ~1620 vw, vb 
3270 ms, b rs 2 f 1358 mm” 
1680 w 952 s, b (1340 m 
1655 w 847 w, b 1210s 
1185 m, sh 0) PN lay(O.S 1140 vw 
rte tn (49) PsN3(OH) ,(ONa) ( 2Sr),4H,O ae 
1135 s 3230 m, b £974 m, sh 
1094 w, sh 2620 vvw L891 s, vb 
6995 m 1640 w 790 w, vb 
L980 m 1310 ms 
pa ee 1209 s fail ° . - 
am —— 1110 w (55) PyN,(OH),(ONa),,2-5H,O 
—s 1057 s f 3280 w 
(43) Ca,P,0,,xH,O 944 s, b (3115 w 
3250 m. b ~820 vw, vb 2625 VVWw 
1640 w (50) PsN,(OH),(ONa)(O,Ba),1-5H,O 1374 cd 
1140 s b 3+*3s 3 ANG} gba), L*orl, oid VW, Sn 
991 a 3150 m, b 1349 m 
815 are 2660 vvw 1329 w, sh 
745 1632 w, b 1220 s 
743 m, vb , - 
‘ 1311 ms 1187 w 


(44) Sr,P,0,,xH,O 1198 s 1061 s 
3350 m, b 1106 w 1041 vw, sh 
1640 w_ 1051 s 1027 w, sh 
. 959 vs, b 
1140 s, b 940 s, b oe 
986 m 823 w, b a w. b 
pits ; 789 m 
732 m, vb (51) P,N,(OH),(OAg), 
(45) Ba,P,0,,xH,O 1338 m (56) PyN,(OH),(O,Ca),,4H,O 
3250 m, b 1299 w ( 3350 vw, sh 
1640 w 1192 s (3110 w | 
1140 s, b 1140 vw 2600 vvw 
980 m 1100 vw 1620 w 
730 m, vb 1040 s 1338s 
Bon Ae 1206 vs 
Triphosphonitrilates 926 s ; 1178s 
, sa . 7 26 w, b 
(46) P;N,(OH),(ONa)3,4H,O 787 vw, b — <p 
3300 m, b pote : 
3175 vw Ty . . 897 w, vb 
2690 vvw Tetvaphosphonitrilates 798 m 
1640 w (52) PyN,(OH),(ONH,), 
1351 m 3125 m, b (57) PyN,(OH),(O,Ba),,2H,O 
1322 m 2750 vvw 3400 w, sh 
1279 w 1635 vw 3200 m 
1223 s 6 1440 vw, sh 2640 vvw 
1190 w (1404 m 1650 vw 
1118 w § 1360 vw, sh 1332 s 
s 1062s C1335 m 1184 vs 
(1053 s { 1215 vw, sh 1104 vw 
958 m 1190s 1068 w, sh 
929s 1137 m 1058 s 
856 vw 1057 s 1025 m 
817 w 950 s, b 970 vs 
798 m 893 w, sh 883 w, b 
728 w, vb 785 vw, b 796 m 


DS 


4564 Infra-red Spectra of Inorganic Phosphorus Compounds. 


PyN,(OH),(OAg), 
1387 mw 
1337 
1164 


TABLE 3. (Continued.) 
(59) PyN,(OH),(O,Cu),,4H,O 
3390 m 
3300 vw 
3210 w 


Part II. 


(60) PyN4g(OH),(O,Ni),,2-5H,O 
3140 m, b 
2670 vvw 
1640 mw 


1335 s 
1188s 


1127 3080 mw 
1052 2735 w 
1030 1651 mw 1110 vw 
1000 ms 1389 m 1059 m 
947 s, b 1370 vw 1018 vw, sh 
816 m, b 1293 s 976 vs, b 
760 w, vb 1206 955 w, sh 
710 m, vb 1177 910 w, b 
1158 802 w, b 
1147 
1118 
1092 
1069 
1035 
¢ 990 vw, sh 
(952 s 
898 w 
807 m 
792 vw, vb 
705 w, b 


(61) PyN,y(OH),(O,Pb),.,7H,O 
3150 w, b 
2645 vvw 
1625 vw 
1335 s 
1163 s, b 
1096 vw 
1050 m 
(980 ms 
(964 s 

900 vw, b 
788 m, b 


The spectra of the parent chlorides (Daasch and Smith, Joc. cit.) contain only two strong 
absorptions in the rock-salt region at about 1300—1250 and 900—850 cm.1. Since 
stretching absorptions involving the P—Cl linkages should occur at much lower frequencies 
(Daasch and Smith, loc. cit.), these two strong absorptions are probably connected with 
the ring structure which has been shown to be present by crystal-structure measurements 
(Ketelaar and de Vries, Rec. Trav. chim., 1939, 58, 1081). The strong absorptions observed 
near 1200 and 900 cm."! in the phosphonitrilate salts may arise from similar causes. 

Miscellaneous Bands.—Since the symmetrical formula (X) is now regarded as established 
for the hypophosphate ion (Raistrick and Hobbs, Nature, 1949, 164, 113), the absorption 
found at 931—892 cm. in the spectra of the hypophosphates is unlikely to be due to 
P—P stretching and cannot arise from P—O-P stretching. This absorption is more likely 
due to stretching of the —PO, group, which has been shifted to lower frequencies than 
usual, by the adjacent phosphorus atom. 


e O72- 
O—S-O 
\O | (XI) 


4 


ime) 
| o SS—O” 


In the spectra of the peroxydiphosphates, the absence of absorption in the P—O-P 
stretching region is in accordance with the structural formula usually assumed for the 
peroxydiphosphate ion. The geometrical configuration of this ion, which may resemble 
that found (XI) for the peroxydisulphate ion (Zachariarsen and Mooney, Z. Krist., 1934, 
88, 63), has not yet been determined from crystal structure measurements, and assignment 
of the absorption at 767—720 cm."! is rendered somewhat speculative. 


We thank Mrs. A. L. Standing for preparing the diagrams. 
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Dean, Evans, and Robertson. 


Usnic Acid. Part X.* The Exploration of a Route to 
4 : 6-Dimethoxy-3 : 5-dimethylcoumarilic Acid. 


By F. M. Dean, ELwyn Evans, and ALEXANDER ROBERTSON. 
[Reprint Order No. 5601.] 


It has been shown that in coumarins prepared by Pechmann condensation 
of alkyl and acyl derivatives of phloroglucinol with ethyl acetoacetate and 
with ethyl «-chloroacetoacetate the alkyl groups occupy the 8- and the acyl 
groups the 6-position. With sulphuric acid as the condensing agent, 
C-methylphloroglucinol and ethyl acetoacetate gave a mixture of 5: 7-di- 
hydroxy-4 : 6- and -4: 8-dimethylcoumarin, the dimethyl ethers of which 
have been converted into 4 : 6-dimethoxy-3 : 5- and -3 : 7-dimethylcoumarilic 
acid. 


To attempt the synthesis of usnolic acid (I) or an immediate derivative by the route 
implicit in previous work (Parts VI, VII, and IX; /., 1938, 306; 1939, 1594; 1953, 1250), 
it was necessary to obtain relatively large quantities of 4 : 6-dimethoxy-3 : 5- (Il; R = H, 
R’ = Me) and -3:7-dimethylcoumarone (III; R =H, R’ = Me) or suitable related 
compounds. The coumarilic acid (II; R = CO,H, R’ = Me) is a degradation product of 
usnic acid and has been decarboxylated to the corresponding coumarone (II; R =H, 
R’ = Me) by Asahina and Yanagita (Ber., 1937, 70, 66). These authors synthesised this 
coumarone by the cyclisation of 3: 5-dimethoxy-4-methylphenoxyacetone (IV), which, 
however, is not easily accessible. The same coumarone has now been prepared from 
2 : 6-dihydroxy-4-methoxy-3-methylacetophenone (_V; R = H) by standard methods. 


nR 


MeO/ * 
—JMe 


Me 3 yA 
R’O 


aN ¥ 


aa Me 


(II) 


Cyclisation of the phenoxy-acid (V; R = CH,°CO,H) with acetic anhydride gave 
4-acetoxy-6-methoxy-3 : 5-dimethylcoumarone (II; R = H, R’ = Ac), which on deacetyl- 
ation followed by methylation furnished the dimethoxy-compound (II; R = H, R’ = Me). 
This conversion and the unreactive nature of the 3-hydroxyl group prove the orientation 
of the phenoxy-acid. As this route was but little more convenient, attention was 
directed to the preparation of coumarones from C-methylphloroglucinol. Condenation 
of phloroglucinol with ethyl «-chloroacetoacetate in basic media has been stated to 
give very poor yields of ethyl 4 : 6-dihydroxy-3-methylcoumarilate (VI) (Lang, Ber., 1886, 
19, 2934; Kostanecki and Tambor, Ber., 1909, 42, 901) and it was therefore considered 
better to employ the Pechmann reaction and to convert the resulting coumarins into 
coumarilic acids by Perkin’s method (/J., 1871, 24, 37). Induced by hydrogen chloride, the 
condensation of C-methylphloroglucinol with ethyl «-chloroacetoacetate gave a single 
product which is clearly 3-chloro-5 : 7-dihydroxy-4 : 8-dimethylcoumarin (VII; R = Cl, 
R’ = H) since its dimethyl ether was identical with the product obtained when C-methyl- 
phloroglucinol was replaced by 2-hydroxy-4 : 6-dimethoxytoluene (VIII; R = Me) in the 
Pechmann condensation. The same orientation of substituents in the phloroglucinol 
residue was observed with ethyl acetoacetate in place of the chloro-ester. In this way 
5 : 7-dihydroxy-4 : 8-dimethylcoumarin (VII; R = R’ = H) was prepared from C-methyl- 
phloroglucinol, whilst 5-hydroxy-7-methoxy-4 : 8-dimethylcoumarin (IX) was obtained 
from (VIII; R = H). 

The dimethoxycoumarin (VII; R = H, R’ = Me), resulting from methylation of either 


* Part IX, /J., 1953, 1250. 
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(VIL; R = R’ =H) or (IX), reacted readily with bromine, giving the 3-bromocoumarin 
(VII; R=Br, R’=Me). Neither this nor the corresponding chlorocoumarin was 
affected by alcoholic alkali under the standard conditions, but when treated with potassium 
hydroxide in boiling Carbitol both compounds gave good yields of 4 : 6-dimethoxy-3 : 7- 
dimethylcoumarilic acid (III; R = CO,, R’ = Me) together with small amounts of 4: 6- 
dimethoxy-3 : 7-dimethylcoumarone (III; R =H, R’ = Me), a reaction which also 


MeO/ SOR “CO, Et 


Mel JcoMe i | IlMe 
1) 
(V) 
I ‘ Me 
/s al iN J aide 
R'0/ \Co Mc0/ SoH Me0/ SCO Me Me/ \°“\co,H 
\ \ JR \ ) \ ) J \ A ) as Me 
RO Me RO O Me \ HS 
(VII (VIII) x (3 (XI) 


defined the position of the halogen atoms. Attempted monobromination of 5 : 7-di- 
hydroxy-4 : 8-dimethylcoumarin (VII; R = R’ =H) led only to the 3: 6-dibromo- 
compound. Although Desai and Gaitonde’s observation (Proc. Indian Acad. Sct., 1947, 
25, A, 364) that 3-bromo-5-hydroxy-4 : 7-dimethylcoumarin (X) is smoothly converted into 
5-hydroxy-3 : 6-dimethylcoumarilic acid (XI) by aqueous alkali has been confirmed, the 
application of this method to 3-chloro-5 : 7-dihydroxy-4 : 8-dimethylcoumarin (VII; 
R = Cl, R’ = H), which might have afforded a dihydroxycoumarilic acid related to (II), 
failed to give any recognisable product. 

That the methoxycarbony]l group of methyl 2 : 4 : 6-trihydroxy-3-methylbenzoate (XI) 
had no effect on orientation in the Pechmann reaction with ethyl acetoacetate was indicated 
by the isolation of only one product (XIII; R = R” =H, R’ = Me). The corresponding 
dimethyl ether was oriented by hydrolysis to an acid (XIII; R=R’ =H, R” 
Me), giving 5: 7-dimethoxy-4: 8-dimethylcoumarin (VII; R=H, R’=Me) on 
decarboxylation. Methyl 3-chloro-5 : 7-dihydroxy-4 : 8-dimethylcoumarin-6-carboxylate 
(XIII; R=Cl, R’ = Me, R” = H), obtained from a rather sluggish condensation with 
ethyl «-chloroacetoacetate, was similarly oriented by conversion into (VII; R = Cl, 
R’ = Me). 

Whilst bromination of the ester (XIII; R =R’’ =H, R’ = Me) resulted in the 
expected 3-bromocoumarin ester (XIII; R = Br, R’ = Me, R” = H), the condensation 


Me Me Me 
HO” SOH RO YOO Aco/ S (CO 


v: pe O,Me R O,C\ ON IR MeO,C\ | 


HO R’O Me AcO H,Br 
(XI) (XIII) (XIV) 


of (XII) and ethyl «-bromoacetoacetate with hydrogen bromide gave a complex mixture 
from which, after acetylation, a compound isomeric with (XIII; R= Br, R’ = Me, 
R” = Ac) was isolated. Since Hantzsch (Ber., 1894, 27, 3168) has found that ethyl 
a-bromoacetoacetate is transformed into the y-isomeride by acids, the new compound is 
considered to be the 4-bromomethylcoumarin (XIV). 

6-Acetyl-5 : 7-dihydroxy-4-methylcoumarin (XV; R =H) was prepared by the 
interaction of phloroacetophenone and ethyl acetoacetate and on Clemmensen 
reduction readily furnished 6-ethyl-5 : 7-dihydroxy-4-methylcoumarin (XVI; R = R’ = 
H), isomeric with the 8-ethylcoumarin (XVII; R = R’ =H) obtained from C-ethyl- 
phloroglucinol. Orientation in this series was effected through 8-ethyl-5 : 7-dimethoxy- 
4-methylcoumarin (XVII; R =H, R’ = Me) which was obtained from both (XVII; 
R = R’ = H) and (XVIII). 
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Similar studies with phloroglucinaldehyde were not pursued owing to the very variable 
nature of the initial condensation product. Surprisingly, the reaction between phloro- 
acetophenone and ethyl «-chloroacetoacetate gave both 6- (XV; R = Cl) and 8-acetyl-3- 
chloro-5 : 7-dihydroxy-4-methylcoumarin (XIX) which could be separated only as their 
dimethyl ethers. The chlorine atom exerted a more striking effect in the Fries rearrange- 
ment with boron trifluoride because 5 : 7-diacetoxy-4-methylcoumarin gave only the 
6-acetylcoumarin (XV; R =H) whilst 5 : 7-diacetoxy-3-chloro-4-methylcoumarin gave 
the 8-acetylcoumarin (XIX). As before, the acetyl group of (XIX) was located by 
Clemmensen reduction followed by methylation to the 5 : 7-dimethoxy-compound (XVII; 
R = Cl, R’ = Me), identical with the coumarin from (XVIII) and ethyl «-chloroaceto- 
acetate. Unfortunately, this orienting effect of chlorine could not be exploited because 
C-methylphloroacetophenone failed to react with ethyl «-chloroacetoacetate, although with 
the more reactive parent ester 6-acetyl-5 : 7-dihydroxy-4 : 8-dimethylcoumarin (XX; 
R = H) was produced. The Fries rearrangement of the acetate (VII; R =H, R’ = Ac) 
also gave (XX; R = H) and this was easily brominated, but both the resulting 3-bromo- 
coumarin (XX; R=Br) and the corresponding 3-chlorocoumarin [XX; R= Cl; 
produced from (VII; R =Cl, R’ = Ac) by the action of aluminium chloride] were 
resinified by alkali. 
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Since the above variations had failed to produce a 6-methylcoumarin, other condensing 
agents were examined. Fujise and Wayarama (J. Chem. Soc. Japan, 1934, 55, 1016; 
Chem. Abs., 1935, 29, 4008) reported the preparation of an unoriented coumarin by the 
action of sulphuric acid on a mixture of C-methylphoroglucinol and ethyl acetoacetate. 
At first this coumarin appeared to be identical with the product formed with hydrogen 
chloride as the condensing agent, but closer examination showed that two coumarins were 
present which were separated as their dimethyl ethers. The major component was the 
ether (VII; R =H, R’ = Me); the other was considered to be 5: 7-dimethoxy-4 : 6- 
dimethylcoumarin (XXI; R = H), a view substantiated by the smooth conversion of the 
corresponding 3-bromocoumarin (XXI; R= Br) into 4: 6-dimethoxy-3 : 5-dimethyl- 
coumarilic acid (II; R = CO,H, R’ = Me), identical with the acid prepared by Asahina 
and Yanagita (loc. cit.). ; 

Difficulties were encountered in the preparation of authentic C-ethylphloroglucinol and 
its 2: 4-dimethyl ether (XVIII) necessary for the above work. A slight modification of 
Spaith and Gruber’s method (Ber., 1941, 74, 1492) furnished crystalline C-ethyl- 
phloroglucinol of m. p. 165° instead of the amorphous powder, m..p. 125°, obtained 
previously, but this material gave neither satisfactory analytical results nor crystalline 
derivatives with phenyl isocyanate, benzoyl chloride, or f-nitrobenzoyl chloride. How- 
ever, in the Gattermann reaction the crystalline material furnished an excellent yield of 
C-ethylphloroglucinaldehyde, identical with that described by Spath and Gruber (Joc. cit.). 
Although Gruber and Traube (Monatsh., 1947, 77, 414) mention the 2 : 4-dimethyl ether of 
C-ethylphloroglucinol, its preparation and properties do not appear to have been described. 
When prepared by Clemmensen reduction of the corresponding ketone, the ether (XVIII) 
decomposed too rapidly to allow accurate analysis, but it formed a stable, characteristic 
phenylurethane, and in the Hoesch synthesis furnished the ketone (XXII) described by 
Gruber and Traube (loc. cit.). 
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EXPERIMENTAL 
The light petroleum employed had b. p. 60—80°. 

Acetyl-3-hydroxy-5-methoxy-4-methylphenoxyacetic Acid (V; R = CH,*CO,H).—Interaction 
of 2: 6-dihydroxy-4-methoxy-3-methylacetophenone (4 g.), methyl bromoacetate (3-1 g.), and 
potassium carbonate (6 g.) in boiling acetone (150 ml.) for 8 hr. gave rise to methyl 2-acetyl-3- 
hydroxy-5-methoxy-4-methylphenoxyacetate (V; R = CH,*CO,Me) which separated from methanol 
in felted needles (3-1 g.), m. p. 159—160°, with a brownish-purple ferric reaction in alcohol 
[Found : OMe, 22-8. C,,H,0,(OMe), requires OMe, 23-1%]. This ester (2 g.) was heated in 
2n-aqueous sodium hydroxide (7-6 ml.) on the steam-bath for 15 min. and the cooled yellow 
solution acidified with hydrochloric acid, liberating 2-acetyl-3-hydroxy-5-methoxy-4-methyl- 
phenoxyacetic acid which crystallised from 50% dioxan-ethyl acetate in prisms (1-6 g.), m. p. 
228°, sparingly soluble in benzene and having a brownish-purple ferric reaction (Found: C, 
56-9; H, 5-6; OMe, 11-3. C,,H,,0,;OMe requires C, 56-7; H, 5-6; OMe, 12:2%). With 
ethereal diazomethane, this acid regenerated the methyl ester, m. p. and mixed m. p. 159°. 

4: 6-Dimethoxy-3 : 5-dimethylcoumarone (II; R = H, R’ = Me) (cf. Asahina and Yanagita, 
loc. cit.).—The foregoing acid (4 g.), anhydrous sodium acetate (4 g.), and acetic anhydride 
(40 ml.) were heated under reflux for 1 hr., cooled, and treated with water (200 ml.). Next day 
the solid was collected, washed with water, dried, and extracted with light petroleum. The 
residue left on evaporation of the extract was distilled and the resulting oil (3-3 g.), b. p. 117— 
119°/0-01 mm., crystallised from light petroleum, giving 4-acetoxy-6-methoxy-3 : 5-dimethyl- 
coumarone (II; R =H, R’ = Ac) in prisms, m. p. 71° (Found: C, 66-3; H, 5:7. C,H yO, 
requires C, 66-7; H, 6-0%). Deacetylation of this acetoxycoumarone (0-15 g.) with 2N-sodium 
hydroxide (5 ml.) on the steam-bath for 3 hr. gave 4-hydroxy-6-methoxy-3 : 5-dimethylcoumarone 
(II; R = R’ = H) which separated from methanol in plates (0-08 g.), m. p. 119°, with a negative 
ferric reaction and giving a red colour in warm concentrated sulphuric acid (Found : OMe, 16-6. 
C,)H,O."OMe requires OMe, 16-1%). Prepared by interaction of this hydroxycoumarone 
(1 g.), methyl iodide (2 ml.), and potassium carbonate (2 g.) in boiling acetone for 15 hr., 4: 6- 
dimethoxy-3 : 5-dimethylcoumarone was an oil, b. p. 80—85°/0-005 mm. [Found: OMe, 27-0. 
Calc. for C,y)H,O(OMe),: OMe, 30-0%], forming a bright red picvate which crystallised from 
90% alcohol in prisms, m. p. 95° (Found: N, 10-4. C,gH,,0,)N, requires N, 9-7%). 

5 : 7-Dihydroxy-4 : 8-dimethylcoumarin (VII; R= R’ = H).—A solution of C-methyl- 
phloroglucinol (5 g.) and ethyl acetoacetate (3-5 ml.) in glacial acetic acid (25 ml.) was saturated 
with hydrogen chloride without external cooling. When the separation of solid appeared to be 
complete, this was isolated and crystallised from methanol, giving the hemihydrate of 5: 7- 
dihydroxy-4 : 8-dimethylcoumarin in pale yellow needles (7 g.), m. p. 285° (decomp.), which 
were soluble in acetone, slightly soluble in methanol or acetic acid, and gave a bright yellow 
solution with 2N-sodium carbonate (Found: C, 58-8; H, 5-7. C4 9H 04,0°5H,O requires C, 
59-1; H, 55%). With acetic anhydride—pyridine this coumarin afforded the diacetate (VII; 

H, R’ = Ac) which separated from methanol in needles, m. p. 208° (Found: C, 61-7; H, 

C,5H,40,4 requires C, 62-1; H, 4:9%), and by the methyl] sulphate—potassium carbonate 
method afforded 5 : 7-dimethoxy-4 : 8-dimethylcoumarin (VII; R H, R’ = Me) which formed 
needles, m. p. 191°, from methanol or benzene; its alcoholic solution exhibited a pale blue 
fluorescence [Found: C, 66-6; H, 6-0; OMe, 27-0. C,,H,0,(OMe), requires C, 66-6; H, 6-0; 
OMe, 26-5%). 

5-Hydroxy-7-methoxy-4 : 8-dimethylcoumarin (IX).—Formed from 2: 4-dihydroxy-6-meth- 
oxytoluene (1 g.) and ethyl acetoacetate (0-9 ml.) in acetic acid at 50° saturated with hydrogen 
chloride, 5-hydvoxy-7-methoxy-4 : 8-dimethylcoumarin was precipitated with methanol and 
purified from acetic acid, forming needles (1 g.), m. p. 278° (decomp.) (Found : C, 65-0; H, 5:8; 
OMe, 14-2. C,,H,O,°OMe requires C, 65-4; H, 5-5; OMe, 14-:1%), readily converted on methyl- 
ation into 5: 7-dimethoxy-4 : 8-dimethylcoumarin, m. p. and mixed m. p. 190°. 

3-Chloro-5 : 7-dimethoxy-4 : 8-dimethylcoumarin (VII; R=Cl, R’ = Me).—(a) When 
saturated with hydrogen chloride a solution of 2-hydroxy-4 : 6-dimethoxytoluene (0-4 g.) and 
ethyl! «-chloroacetoacetate (0-5 ml.) in dry ether (10 ml.) deposited 3-chloro-5 : 7-dimethoxy-4 : 8- 
dimethylcoumarin, which formed needles (0-4 g.), m. p. 264°, from dioxan or acetic acid [Found : 
C, 57-9; H, 5-0; OMe, 22-6. C,,H,O,Cl(OMe), requires C, 58-0; H, 4-9; OMe, 23-0%]. 

(6) A solution of C-methylphloroglucinol (3-9 g.) and ethyl «-chloroacetoacetate (4-6 g.) in 
warm acetic acid (50 ml.) was saturated with hydrogen chloride and kept until precipitation 
was complete. Recrystallised from a large volume of acetic acid, the resulting solid supplied 
the hemihydrate of 3-chloro-5 : 7-dihydroxy-4 : 8-dimethylcoumarin (VII; R = Cl, R’ = H) in 


9_ 
9) 
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yellow needles (4:1 g.), m. p. 310° (decomp.), giving a bright yellow solution in 2N-sodium 
carbonate (Found: C, 53-0; H, 4:0; Cl, 13-9. C,,H,O,Cl,0-5H,O requires C, 52-8; H, 4-0; 
Cl, 14:2%). Prepared with acetic anhydride and either pyridine or boron trifluoride, the 
diacetate separated from alcohol in felted needles, m. p. 196°, slowly soluble in hot aqueous 
sodium hydroxide (Found: C, 55-9; H, 4:0. C,;H,,0,Cl requires C, 55-4; H, 4:0%). On 
methylation with methyl sulphate (6 ml.) and potassium carbonate (5-6 g.) in boiling acetone 
(150 ml.) for 8 hr. the dihydroxycoumarin (VII; R = Cl, R = H) gave 3-chloro-5 : 7-dimethoxy- 
4: 8-dimethylcoumarin (2-1 g.), m. p. and mixed m. p. 264°. 

3-Bromo-5 : T-dimethoxy-4 : 8-dimethylcoumarin (VII; R = Br, R’ = Me).—Bromination of 
5 : 7-dimethoxy-4 : 8-dimethylcoumarin (5 g.) in acetic acid (50 ml.) with a 10% solution 
(45 ml.) of bromine in the same solvent was rapid at 60°. The resulting 3-bromo-5 : 7-dimethoxy- 
4 : 8-dimethylcoumarin separated from the cooled mixture and was crystallised from benzene, 
forming needles (7:3 g.), m. p. 242° [Found: C, 50-0; H, 4:2; Br, 25-5; OMe, 20-0. 
C,,H,O0,Br(OMe), requires C, 49-8; H, 4-2; Br, 25-6; OMe, 19-8%]. 

3 : 6-Dibromo-5 : T-dimethoxy-4 : 8-dimethylcoumarin.—The gradual addition of a 10% 
solution (40 ml.) of bromine in chloroform to 5: 7-dihydroxy-4 : 8-dimethylcoumarin (5 g.) in 
warm chloroform (50 ml.) was accompanied by the rapid evolution of hydrogen bromide. When 
the colour of bromine had disappeared, the solution was boiled to expel hydrogen bromide, and 
on cooling then deposited 3 : 6-dibromo-5 : 7-dihydroxy-4 : 8-dimethylcoumarin which separated 
from methanol in needles, m. p. 212° (decomp.) (Found: C, 36-0; H, 2:2. C,,H,O,Br, requires 
C, 36-2; H, 2-2%). The diacetate formed needles, m. p. 208°, from acetic acid—benzene [Found : 
C, 40-2; H, 2-8; Br, 35-6; OAc, 23-9. C,,H,O,Br,(OAc), requires C, 40-0; H, 3-1; Br, 35-6; 
OAc, 24:0%]. The dimethyl ether crystallised from methanol in needles, m. p. 176° [Found : C, 
39-4; H, 3-4; Br, 41-7; OMe, 16-0. C,,H,O,Br,(OMe), requires C, 39-8; H, 3-1; Br, 43-1; 
OMe, 15-8%]. 

4 : 6-Dimethoxy-3 : 7-dimethylcoumarilic acid (III; R= CO,H, R’ = Me).—Powdered 3- 
chloro-5 : 7-dimethoxy-4 : 8-dimethylcoumarin (1 g.) (or the equivalent amount of the correspond- 
ing 3-bromocoumarin) was sifted into a boiling solution of potassium hydroxide (3 g.) in Carbitol 
(diethylene glycol monoethy] ether) (30 ml.)._ Potassium chloride was rapidly precipitated and 
15 min. later the mixture was cooled, diluted with water (40 ml.), extracted with ether, and 
acidified. The gelatinous precipitate, which was allowed to coagulate before being collected, 
was washed with water and crystallised from acetic acid, giving 4 : 6-dimethoxy-3 : 7-dimethyl- 
coumarilic acid in needles (0-7 g.), m. p. 264° (decomp.) [Found : C, 61-9; H, 5-7; OMe, 25-3. 
C,,H,0O,(OMe), requires C, 62:4; H, 5-7; OMe, 24-8%]. With ethereal diazomethane this 
furnished the methyl ester (III; R = CO,Me, R’ = Me), forming needles, m. p. 145°, from 
methanol [Found: OMe, 35-0. C,,H;O,(OMe), requires OMe, 35-2%]. Evaporation of the 
combined ethereal extracts from a large number of experiments left an oil, which on distillation 
gave 4: 6-dimethoxy-3 : 7-dimethylcoumarone (III; R =H, R’ = Me), in prisms, b. p. 
142°/20 mm., m. p. 69—71°, with a violet sulphuric acid reaction (Found: C, 70-5; H, 7-0. 
C,,H,,0, requires C, 70-0; H, 6-9%). The picrate separated from 80% alcohol in chocolate- 
coloured prisms, m. p. 94—95°, depressed on admixture with the picrate of 4 : 6-dimethoxy-3 : 5- 
dimethylcoumarone (Found: N, 9-4. C,,H,;0,)N, requires N, 9-7%). 

5 : 7-Dimethoxy-4 : 6-dimethylcoumarin (XX1I; R = H).—An intimate mixture of C-methyl- 
phloroglucinol (2 g.) and ethyl acetoacetate (1-9 ml.) was treated with sulphuric acid mono- 
hydrate (7 ml.) at 0°, kept in an ice-chest for 2 days, and mixed with crushed ice. The resulting 
solid was washed with 50% methanol and methylated by the methyl sulphate—potassium 
carbonate method (8 hr.), and the product extracted with light petroleum, leaving a residue of 
5 : 7-dimethoxy-4 : 8-dimethylcoumarin (1-1 g.), m. p. and mixed m. p. 190°, after purifrcation 
from methanol. Crystallised from methanol or from light petroleum, the extract gave 5: 7- 
dimethoxy-4 : 6-dimethylcoumarin in needles (0-8 g.), m. p. 160° [Found : C, 66-2; H, 6-3; OMe, 
26-6. C,,H,O,(OMe), requires C, 66-6; H, 6-0; OMe, 26-5%). 

By bromination as above, this gave 3-bromo-5 : 7-dimethoxy-4 : 6-dimethylcoumarin (XXI; 
R = Br), needles (0-2 g. from 0-2 g.), m. p. 176° (from dilute acetic acid) [Found : C, 49-2; H, 
4:3; OMe, 19-9. C,,H,O,Br(OMe), requires C, 49-8; H, 4:2; OMe, 19-8%]. 

4 : 6-Dimethoxy-3 : 5-dimethylcoumarilic acid (Il; R= CO,H, R’ = Me).—The foregoing 
bromocoumarin (0-2 g.) was added to a solution of potassium hydroxide (0-6 g.) in boiling 
Carbitol (7 ml.) and the mixture boiled for 3 min., cooled, diluted with water (50 ml.), and 
acidified with hydrochloric acid, giving 4 : 6-dimethoxy-3 : 5-dimethylcoumarilic acid which, . 
on purification from dilute acetic acid, formed needles (0-1 g.), m. p. 220°, with a purple sulphuric 
acid reaction [Found: C, 62-5; H, 6-0; OMe, 24:8. Calc. for C,,H,03;(OMe),: C, 62-4; H, 
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5:7; OMe, 24:8%] (Asahina and Yanagita, loc. cit., give m. p. 220°). Prepared with ethereal 
diazomethane the methyl ester separated from methanol in rectangular prisms, m. p. 127° [Found : 
C, 63-4; H, 6-0; OMe, 35-1. Cy 9H,O,(OMe), requires C, 63-7; H, 6-1; OMe, 36-0%]. 

5 : 7-Dimethoxy-4 : 8-dimethylcoumarin-6-carboxylic Acid (XIII; R = R’ = H, R” = Me).— 
Methyl 2: 4: 6-trihydroxy-3-methylbenzoate (4 g.) and ethyl acetoacetate (4 ml.) in acetic acid 
(25 ml.), when saturated with hydrogen chloride, gave methyl 5: 7-dihydroxy-4 : 8-dimethyl- 
coumarin-6-carboxylate which crystallised from acetic acid or methanol in small needles (4-2 g.), 
m. p. 249° (decomp.), with a blue ferric reaction (Found: C, 59-2; H, 4:7; OMe, 11-7. 
C,.H,O,;*OMe requires C, 59-1; H, 4:6; OMe, 11:7%). By the methyl sulphate—potassium 
carbonate method this coumarin readily furnished methyl 5 : 7-dimethoxy-4 : 8-dimethylcoumarin- 
6-carboxylate (XIII; R =H, R’ = R” = Me) which separated from light petroleum in needles, 
m. p. 113° [Found: C, 61-6; H, 5-5; OMe, 31-6. C,,H,O,(OMe), requires C, 61-6; H, 5-5; 
OMe, 31-8%]. Hydrolysis of this ester (1-25 g.) with boiling 5% aqueous (25 ml.) sodium 
hydroxide for 1 hr. gave 5: 7-dimethoxy-4 : 8-dimethylcoumarin-6-carboxylic acid which formed 
stout prisms, m. p. 220°, from benzene, soluble in methanol, ether, or aqueous sodium hydrogen 
carbonate, and regenerated the parent ester with diazomethane [Found: C, 60-5; H, 5-7; 
OMe, 22-0. C,,H,0,(OMe), requires C, 60-4; H, 5:1; OMe, 22-3%]. On decarboxylation in 
boiling diethylene glycol (15 ml.) during 30 min. this acid (1 g.) furnished 5 : 7-dimethoxy-é4 : 8- 
dimethylcoumarin, needles (0-7 g.), m. p. and mixed m. p. 189° (from benzene). 

Methyl 3-Chlovo-5 : 7-dimethoxy-4 : 8-dimethylcoumarin-6-carboxylaie (XIII; R= Cl, R’ 
R’’ = Me).—Under the standard conditions the interaction of methyl 2: 4: 6-trihydroxy-3- 
methylbenzoate (4 g.) and ethyl «-chloroacetoacetate (3-5 ml.) continued for 4 days and furnished 
methyl 3-chloro-5 : 7-dihydroxy-4 : 8-dimethylcoumarin-6-carboxylate (XIII; R= Cl, R’ = Me, 
kk’ = H) which separated from acetic acid in rectangular prisms (3-8 g.), m. p. 228° (decomp.), 
with a purple ferric reaction and forming a yellow solution in aqueous sodium carbonate (Found : 
C, 52-4; H, 3-9; OMe, 10-4. C,,H,O;Cl*OMe requires C, 52:2; H, 3:7; OMe, 10-4%). By the 
methyl sulphate—potassium carbonate method this coumarin gave methyl 3-chloro-5 : 7-di- 
methoxy-4 : 8-dimethylcoumarin-6-carboxylate, forming needles, m. p. 140°, from light petroleum 

Found: C, 54:8; H, 4:7; OMe, 28-4. C,,H,O,Cl(OMe), requires C, 55-1; H, 4:6; OMe, 
28-5%]. Obtained by hydrolysis of this ester (0-75 g.) with hot 1-2% aqueous sodium hydroxide, 
the crude acid was amorphous, but with diazomethane regenerated the parent ester, m. p. and 
mixed m. p. 140°, and on decarboxylation with boiling diethylene glycol for 10 min. furnished 
3-chloro-5 : 7-dimethoxy-4 : 8-dimethylcoumarin, m. p. and mixed m. p. 263° (yield, 50%). 

Methyl 3-Bromo-5 : 7-dihydroxy-4 : 8-dimethylcoumarin-6-carboxylate (XIII; R= Br, R’ 
Me, R” H).—A 10% solution (6 ml.) of bromine in acetic acid was added to methyl 5 : 7-di- 
hydroxy-4 : 8-dimethylcoumarin-6-carboxylate (2 g.) in warm acetic acid (100 ml.) (agitate). 
After being heated to eject hydrogen bromide and then diluted with water, the solution slowly 
deposited methyl 3-bromo-5 : 7-dihydroxy-4 : 8-dimethylcoumarin-6 carboxylate which formed 
needles (2-2 g.), m. p. 232°, from acetic acid, having a blue ferric reaction (Found: C, 45-9; H, 
3-3; Br, 23-4; OMe, 9-3. C,,H,O,BreOMe requires C, 45:5; H, 3-2; Br, 23-3; OMe, 9-3%). 
The diacetate separated from light petroleum in needles, m. p. 164° (Found: C, 47-6; H, 3-6; 
Br, 18-9. C,,H,,O,Br requires C, 47-8; H, 3-5; Br, 18-7%). 

Prepared from methyl 5: 7-dimethoxy-4 : 8-dimethylcoumarin-6-carboxylate (0-67 g.) by 
the same method, methyl 3-bromo-5 : 7-dimethoxy-4 : 8-dimethylcoumarin-6-carboxylate. (XIII; 
R Br, R’ x; Me) separated from light petroleum in needles (0-7 g.), m. p. 132° [Found : 
C, 48-9; H, 4-1; Br, 23-3; OMe, 24-8. C,,H,O,Br(OMe), requires C, 48-5; H, 4-1; Br, 21-8; 
OMe, 25°1%]. 

Methyl 5: 7-Diacetoxy-4-bromomethyl-8-methylcoumarin-6-carboxylate (XIV).—Condensation 
of methyl 2: 4: 6-trihydroxy-3-methylbenzoate (2 g.) and ethyl «-bromoacetoacetate (2 ml.) 
was effected with hydrogen bromide, and the crude product acetylated with acetic anhydride 
and a trace of sulphuric acid. Crystallised from benzene—light petroleum, the diacetate formed 
needles, m. p. 154° [Found : C, 48-2; H, 3-8; Br, 18-4; OAc, 26-2. C,,;H,O,Br(OAc), requires 
C, 47-8; H, 3-5; Br, 18:7; OAc, 27-6%]. 

6-A cetyl-5: 7-dihydroxy-4-methylcoumarin(XV ; R = H).—(a) Formed by the hydrogen chloride 
method from phloroacetophenone (5 g.) and ethyl acetoacetate (5 ml.) in acetic acid (50 ml.), 
6-acetyl-5 : 7-dihydvoxy-4-methylcoumarin separated from acetic acid in needles (6-0 g.), m. p. 
288° (decomp.), with a red-brown ferric reaction (Found: C, 60-9; H, 4:2. C,,H,,O0; requires 
C, 61-4; H, 43%), and on methylation yielded 6-acetyl-5 : 7-dimethoxy-4-methylcoumarin which 
crystallised from benzene and then acetic acid in prisms, m. p. 180° [Found: C, 64:0; H, 5-3; 
OMe, 23-8. C,,H,0O,(OMe), requires C, 64-1; H, 5-4: OMe, 23-7%]. 
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(b) 5: 7-Diacetoxy-4-methylcoumarin (Carter et al., J., 1931, 1255) (1 g.) in acetic acid 
(5 ml.) was treated with an excess of boron trifluoride without external cooling, and next day 
the yellow solution was poured on ice, giving the coumarin (XV; R = H) (0-8 g.), m. p. and 
mixed m. p. 290° after purification. 

8-A cetyl-3-chloro-5 : 7-dihydroxy-4-methylcoumarin (XIX).—A solution of 5 : 7-diacetoxy-3- 
chloro-4-methylcoumarin (Dey, J., 1915, 1606) (1 g.) in acetic acid (10 ml.) was saturated with 
boron trifluoride without cooling and poured into water (100 ml.) next day. Crystallised from 
acetic acid, the solid furnished 8-acetyl-3-chloro-5 : 7-dihydroxy-4-methylcoumarin in needles 
(0-8 g.), m. p. 270° (decomp.), with a red-brown ferric reaction and forming a yellow solution in 
aqueous alkali (Found: C, 53-9; H, 3:3; Cl, 12-8. C,,H,O,;Cl requires C, 53-6; H, 3-4; Cl, 
13-2%). The dimethyl ether separated from benzene in plates, m. p. 222° [Found: C, 56-6; H, 
4-4; Cl, 11-8; OMe, 19-7. C,,H,O,Cl(OMe), requires C, 56-7; H, 4-4; Cl, 12-0; OMe, 21-0%]. 

6-A cetyl-3-chloro-5 : T-dimethoxy-4-methylcoumarin (XV; R = Cl).—Interaction of phloro- 
acetophenone (5 g.) and ethyl «-chloroacetoacetate under the standard conditions gave a solid 
(6 g.). which was methylated by the methyl] sulphate—potassium carbonate method. Fractional 
crystallisation of the product from benzene yielded the less soluble 8-acetyl-3-chloro-5 : 7-di- 
methoxy-4-methylcoumarin (3-7 g.), m. p. and mixed m. p. 222°, and the more soluble 6-acetyl- 
3-chloro-5 : 7-dimethoxy-4-methylcoumarin, which separated from light petroleum in plates 
(2-3 g.), m. p. 140° [Found : C, 56-7; H, 4-5; Cl, 12-1; OMe, 20-7. C,,H,O,Cl(OMe), requires 
C, 56-7; H, 4-4; Cl, 12-0; OMe, 19-7%]. 

6-A cetyl-5 : 7-dihydroxy-4 : 8-dimethylcoumarin (XX; R= H).—(a) Obtained from the 
condensation of C-methylphloroacetophenone (1-5 g.) and ethyl acetoacetate (1-2 ml.) in acetic 
acid (30 ml.) with sulphuric acid (1 ml.) or an excess of hydrogen chloride during 24 hr., 6-acetyl- 
5 : 7-dihydroxy-4 : 8-dimethylcoumarin separated from methanol in needles (1-7 g.), m. p. 240— 
241° (decomp.) (Found : C, 62-9; H, 5-0. C,,H,,0; requires C, 62-9; H, 4-9%), having a red- 
brown ferric reaction in alcohol. ‘The dimethyl ether formed needles, m. p. 132°, from light 
petroleum [Found : C, 65-6; H, 6-1; Cl, 12-1; OMe, 22-3. C,;H0,(OMe),. requires C, 65-2; 
H, 5-8; Cl, 12-0; OMe, 22-5%]. 

(b) A few drops of nitrobenzene initiated the interaction of 5: 7-diacetoxy-4 : 8-dimethyl- 
coumarin (1-5 g.) and aluminium chloride (1-2 g.) (intimately mixed), and the mixture was then 
kept at 100° for 20 min. Decomposition of the product with ice and concentrated hydrochloric 
acid gave 6-acetyl-5 : 7-dihydroxy-4 : 8-dimethylcoumarin, forming needles (1 g.), m. p. and 
mixed m. p. 241°, from acetic acid. 

6-A cetyl-3-chloro-5 : 7-dihydroxy-4 : 8-dimethylcoumarin (XX; R= Cl).—The reaction 
between 5: 7-diacetoxy-3-chloro-4 : 8-dimethylcoumarin (2 g.) and powdered aluminium 
chloride (5-2 g.) was initiated by a little nitrobenzene and completed on the steam-bath during 
30 min. Decomposition of the complex with ice and hydrochloric acid gave a product from 
which 6-acetyl-3-chloro-5 : 7-dihydroxy-4 : 8-dimethylcoumarin was extracted with boiling acetic 
acid. This coumarin separated from alcohol in yellow needles (1-1 g.), m. p. 285°, giving a 
green ferric reaction and a yellow solution in aqueous sodium carbonate (Found: C, 55-4; H, 
4:0; Cl, 12-6. C,,H,,0,;Cl requires C, 55-1; H, 3-9; Cl, 12-5%). 

6-A cetyl-3-bromo-5 : T-dihydroxy-4 : 8-dimethylcoumarin (XX; R= Br).—Addition of 
bromine (0-7 g.) in acetic acid (5 ml.) to 6-acetyl-5 : 7-dihydroxy-4 : 8-dimethylcoumarin (1 g.) 
in hot acetic acid (60 ml.) caused the immediate separation of the 3-bromocoumarin, which 
formed yellow prisms (1-3 g.), m. p. 250°, from alcohol—dioxan, with a green ferric reaction 
(Found: C, 47-3; H, 3-4. C,,H,,0,;Br requires C, 47-7; H, 3-4%). The diacetate crystallised 
from acetic acid in needles, m. p. 198° (Found: C, 49-7; H, 3-8. C,,H,,0,Br requires C, 49-6; 
H, 3-7%). 

C-Ethylphloroglucinol—A mixture of powdered phloroacetophenone (20 g.), amalgamated 
zinc dust (20 g.), concentrated hydrochloric acid (30 ml.), and water (20 ml.) was kept at 0° for 
36 hr. and filtered. The filtrate was repeatedly extracted with ether and the combined, dried 
extracts were evaporated to a small volume and diluted with an equal volume of benzene. 
The resulting crystalline deposit was purified from anisole, giving C-ethylphloroglucinol in 
prisms, m. p. 165°, with a blue ferric reaction in water and a negative reaction in 
alcohol (Found: C, 63-7; H, 6-6. Calc. for C,H,,0,: C, 62-3; H,6-5%). Distillation of the 
crude reduction product as described by Spath and Gruber (loc. cit.) gave a brittle glass which 
had the m. p. 125° as recorded by these authors but on crystallisation from anisole formed 
prisms, m. p. and mixed m. p. 165°, and furnished 3-ethylphloroglucinaldehyde, m. p. 176 
(decomp.), by the Gattermann method. 

2-Ethyl-3 : 5-dimethoxyphenol (XVIII).—2-Hydroxy-4 : 6-dimethoxyacetophenone (5 g.), 
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amalgamated zinc dust (2 g.), methanol (50 ml.), and concentrated hydrochloric acid (5 ml.) were 
heated under reflux for 2 hr., cooled, filtered, diluted with water (150 ml.), and extracted with 
ether. Evaporation of the extract left an oil, which on distillation solidified to a waxy mass, 
b. p. 164°/20 mm., m. p. 43°, rapidly darkening on being kept. This was considered to be 
mainly 2-ethyl-3 : 5-dimethoxyphenol since (a) with phenyl isocyanate at 100° it furnished a 
phenylurethane which separated from methanol in plates, m. p. 165° [Found : C, 67-9; H, 6-4; 
N, 4:7; OMe, 20-6. C,;H,,0,N(OMe), requires C, 67-8; H, 6-4; N, 4-7; OMe, 20-6%], and 
(b) by the Hoesch reaction with methyl cyanide it gave the ketone (XXII), m. p. 111° (Gruber 
and Traube, loc. cit.) [Found: C, 64-3; H, 7:2; OMe, 28-0. Calc. for C,yH,jg0,(OMe),: C, 
64-3; H, 7-2; OMe, 27-7%]. 

6-Ethyl-5 : 7-dihydroxy-4-methylcoumarin (XVI; R= R’ = H).—6-Acetyl-5 : 7-dihydroxy- 
4-methylcoumarin (1 g.) was reduced with amalgamated zinc (2 g.) and concentrated 
hydrochloric acid (4 ml.) in boiling methanol (25 ml.) for 1 hr. The resulting 6-ethyl-5 : 7-di- 
hydroxy-4-methylcoumarin separated from the cooled solution and then formed small needles 
(0-8 g.), m. p. 240°, from alcohol, giving a negative ferric reaction and a yellow solution in alkali 
(Found: C, 60-0; H, 5-8. C,.H,,0,,H,O requires C, 60-5; H, 5-9%). The dimethyl ether 
crystallised from benzene-light petroleum in needles, m. p. 136° [Found: C, 67-2; H, 6-5; 
OMe, 28-8. C,,H,,0,(OMe), requires C, 67:7; H, 6-5; OMe, 25-0%]. 

8-Ethyl-5 : 7-dimethoxy-4-methylcoumarin (XVII; R=H, R’ = Me).—8-Ethyl-5: 7-di- 
hydroxy-4-methylcoumarin rapidly separated from a solution of C-ethylphloroglucinol (1 g.) 
and ethyl acetoacetate (1 ml.) in acetic acid (25 ml.) saturated with hydrogen chloride and, on 
purification from alcohol, formed yellow needles (1-3 g.), m. p. 255°, with a negative ferric 
reaction; they formed a yellow solution in aqueous sodium carbonate (Found: C, 60-9; H, 
6-3. C,.H,.0,,H,O requires C, 60-5; H, 6-0%). The dimethyl ether separated from methanol 
in needles, m. p. 151° [Found: C, 67-9; H, 6-7; OMe, 24-8. C,,H,,O,(OMe), requires C, 67-7; 
H, 6-5; OMe, 25-0]; the methanolic solution exhibited an intense blue fluorescence. This 
ether, m. p. and mixed m. p. 151°, was also formed by the interaction of 2-ethyl-3 : 5-dimethoxy- 
phenol (1 g.) and ethyl acetoacetate (1 ml.) in dry ether (25 ml.) saturated with hydrogen chloride 
during 4 hr 

3-Chloro-8-ethyl-5 : 7-dihydroxy-4-methylcoumarin (XVII; R= Cl, R’ = H).—8-Acetyl-3- 
chloro-5 : 7-dihydroxy-4-methylcoumarin (2 g.), methanol (25 ml.), amalgamated zinc (2 g.), and 
concentrated hydrochloric acid (5 ml.) were heated under reflux temperature for 40 min. and 
filtered whilst hot. Diluted with water (25 ml.), the filtrate slowly deposited 3-chloro-8-ethyl- 
5 : 7-dihydroxy-4-methylcoumarin which separated from acetic acid or methanol in yellow needles 
(1-2 g.), m. p. 254°, with a negative ferric reaction, giving a yellow solution in 2N-aqueous sodium 
carbonate (Found: C, 52-4; H, 4-7. C,,.H,,0,Cl,H,O requires C, 52-5; H, 48%). This 
coumarin (1-1 g.), m. p. and mixed m. p. 253°, was also prepared from C-ethylphloroglucinol 
(1 g.) and ethyl «-chloroacetoacetate (1 ml.) by the general method. 

Methylation (of 0-5 g.) gave 3-chloro-8-ethyl-5 : 7-dimethoxy-4-methylcoumarin (XVII; R = 
Gime? Me), forming long needles (0-5 g.), m. p. 192°, from methanol [Found: C, 59-6; H, 
5-6; OMe, 21-8. C,,H,O,Cl(OMe), requires C, 59-5; H, 5-3; OMe, 22-0%]. The same ether 
(1-4 g.), m. p. and mixed m. p. 192°, was prepared from 2-ethyl-3 : 5-dimethoxyphenol (1 g.) and 
ethyl «-chloroacetoacetate (1 ml.) by the standard method. 
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The Oxidation of Chromanones and Flavanones with Lead 
Tetra-acetate. 


By G. W. K. Cavitt, F. M. Dean, A. McGooxktn, (Miss) B. M. MARSHALL, 
and ALEXANDER ROBERTSON. 


[Reprint Order No. 5602.] 


Oxidation of a number of flavanones with lead tetra-acetate has been 
found to give complex mixtures in which the corresponding flavone is invari- 
ably present. The reaction mixtures from flavanone and from 7-methoxy- 
and 7: 4’-dimethoxy-flavanone also contain the respective 3-acetoxy-deriv- 
ative and the related isoflavone, whilst 7 : 3’ : 4’-trimethoxyflavanone furnished 
7: 3’: 4’-trimethoxyisoflavone. Under similar conditions the chromanones 


yield only the 3-acetoxy-derivatives. 


THE acetoxylation of reactive methylene groups with lead tetra-acetate, developed by 
Dimroth and Schweizer (Ber., 1923, 56, 1375), Criegee (Annalen, 1930, 481, 263), Cavill, 
Robertson, and Whalley (J., 1949, 1567), and others, has now been extended to a number 
of flavanones. With this reagent in acetic acid at 80—90° (reaction did not occur at room 
temperature) flavanone, and 7-methoxy- and 7 : 4’-dimethoxy-flavanone, each furnished 
mixtures of three products, viz., the 3-acetoxyflavanone (O-acetyldihydroflavanol), the 
flavone, and the isoflavone. From the products from 7: 3’: 4’-trimethoxyflavanone, 
7 : 3’: 4’-trimethoxyflavone and the isomeric ‘soflavone, but not the expected 3-acetoxy- 
flavanone, were isolated; 3’ : 4’-dimethoxy- and 7-methoxy-3’-nitro-flavanone gave only 
the flavones; 7-methoxy-3’ : 4’-methylenedioxyflavanone formed an intractable tar, owing, 
presumably, to the initial attack of the methylenedioxy-group; and 7 : 2’-dimethoxy- 
flavanone gave an irresolvable mixture. When these studies were well advanced Oyamada’s 
work (J. Chem. Soc. Japan, 1943, 64, 331, 471) became available to us, first as abstracts 
(Chem. Abstracts, 1947, 41, 3797) and ultimately in full. In the five examples recorded, 
this author obtained the 3-acetoxyflavanone accompanied in the cases of flavanone and 
7-methoxy- and 7 : 4’-dimethoxy-flavanone by products which he was unable to identify 
but which from their descriptions seem to have been the zsoflavones. 

The crude mixtures obtained in the present work were difficult to purify and were not 
quantitatively separated. Fractional crystallisation was successful only with the products 
from 7-methoxyflavanone (I), but this served to show that flavone and zsoflavone are not 
artefacts due to the action of aluminium oxide when it was found subsequently that 
chromatography gave more complete results. The complexity of the reaction may be 
due in part to the tendency of the flavanone system to revert to the flavanone—chalkone 
equilibrium mixture, as well as to the attack at the 2-position of the flavanone. 

The 3-acetoxyflavanones (II; R = Ac) were readily hydrolysed with warm mineral 
acids, giving the corresponding 3-hydroxyflavanones, the orientation of which follows from 
the negative ferric reaction and their behaviour as «-hydroxy-ketones in readily reducing 
warm Fehling’s solution and in reacting with o-phenylenediamine to give dihydroquinoxa- 
lines; attempts to dehydrate the 3-hydroxyflavanone to the flavones were unsuccessful. 
The orientation of 3-hydroxy-7-methoxyflavanone (II; R = H) is supported by its forma- 
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tion on cyclisation, with partial demethylation of the chalkone (III) by hot hydrochloric acid, 
and from 2’-hydroxy-4'-methoxychalkone under the conditions employed by Reichel and 
Steudel (A nnalen, 1942, 553, 83; cf. Algar and Flynn, Proc. Roy. Irish Acad., 1934, B42, 1) for 
the conversion of chalkone into 3-hydroxyflavanone. On oxidation with alkaline hydrogen 
peroxide or with a boiling mixture of 2N-sulphuric acid and dioxan (aerial oxidation) this 
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flavanone gave 7-methoxyflavonol which was also obtained from 2’-hydroxy-4’-methoxy- 
chalkone by Reichel and Steudel’s procedure (loc. cit.). In this connection it is of interest 
that the deacetylation of 3-acetoxy-7-methoxyflavanone with methanolic ammonia at 
room temperature was accompanied by oxidation to 7-methoxyflavonol. 

The mechanism of the novel conversion of, e.g., 7-methoxyflavanone into 7-methoxy/so- 
flavone by lead tetra-acetate is open to a number of interpretations which are complicated 
by the ambiguity regarding the mode of action of the oxidising agent. On the view that 
the initial step is acetoxylation at position 3 it appears that the zsoflavones are formed from 
the acetates by a Wagner—Meerwein type of rearrangement. The difficulties involved in 
fitting the naturally occurring tsoflavones into a self-consistent biological scheme, together 
with the co-occurrence of structurally similar flavanones, flavones, and isoflavones, have 
already led Geissmann and Hinreiner (Bot. Review, 1952, 18, 165) to suggest that zsoflavones 
might arise by Wagner—Meerwein rearrangement of 3-hydroxyflavanones or equivalent 
precursors, although a reaction of this nature had not been observed at that time. How- 
ever, the results of the lead tetra-acetate oxidation of chromanones, when combined with 
those in the flavanone series, do not support this simple explanation. 

Chromanone, and 7-methoxy- and 7-methoxy-2 : 2-dimethyl-chromanone (IV), gave 
only single (racemic) 3-acetoxy-derivatives, whereas 7-methoxy-2-methylchromanone (V) 
gave trans- (VI) and c?s-racemates (VII), m. p. 118° and m. p. 120°. In accordance with 
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the well-known stereochemical instability of the system R*-CO-CHR’R” acid hydrolysis 
of both racemates yielded the same alcohol which with acetic anhydride regenerated only 
the acetate, m. p. 120°. This result indicated that the difference between the racemates 
was stereochemical and not structural. Taken in conjunction with the principle of tvans- 
elimination, failure to extrude the elements of water from the alcohol or of acetic acid from 
the acetate, m. p. 120°, suggested that these compounds have the ¢rans-configuration 
(VI; R =H or Ac) and this assignment was confirmed by the conversion of the other 
(cis-)racemate, m. p. 118°, into 7-methoxy-2-methylchromone by sulphuric acid, presum- 
ably by way of an ion (VIII). The single acetate obtained from 2-methylchromanone is 
considered to have the trans-configuration because it resisted conversion into a chromone. 

Kharasch, Friedlander, and Urry (J. Org. Chem., 1951, 16, 533) found that ditsopropyl 
ether is converted into the diacetate (IX) by lead tetra-acetate, so the 2-position of a 
chromanone must also be considered to be a site for attack ; hence it is not surprising that 
7-methoxy-2 : 2-dimethylchromanone, with the 2-position blocked, gave the best yields of 
a 3-acetoxy-derivative. In no case was a 2- or a 3-methylchromone isolated from the 
product of a lead tetra-acetate oxidation. 

Reaction at position 2 would be facilitated by the aryl groups of flavanones but the 
products, being esters of #-hydroxy-ketones, would readily generate the unsaturated 
ketones, 7.e., flavones. Yields of flavones were higher when 3-acetoxyflavanones were 
not isolated, which suggests that the flavones are produced chiefly by this method and 
discloses the competitive nature of the attack at the two available positions. In efforts to 
acquire further evidence of oxidation at the 2-position benzyl (X; R = H) and m-nitro- 
benzyl phenyl ether (X; R = NO,) were treated with lead tetra-acetate: although the 
products could not be freed from the parent ethers they undoubtedly contained the 
x-acetoxy-derivatives (XI) because acid hydrolysis gave the aldehydes and phenol whilst 
the product from (X; R = NO,) showed only one carbonyl frequency at 1754 cm.", 
corresponding to that of an aliphatic ester. 

As with 7-methoxy-2-methylchromanone, acetoxylation at position 3 of a flavanone 
should give two racemates but in the favourable‘cases examined only one has been isolated. 
If the isoflavones are indeed produced by a Wagner—Meerwein rearrangement, this can take 
place only with a racemate of the trans-type (XII). The surviving racemate would then 
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have the cis-configuration (XII1), but a number of considerations militate against this 
interpretation: (a) The surviving racemates cannot be converted into flavones by the 
method which generated 7-methoxy-2-methylchromone from cis-3-acetoxy-7-methoxy-2- 
methylchromanone. (b) The surviving racemates can be regenerated from their parent 


Me,CH+O-CMe(OAc)*CHyOAc PhO-CHyC,H,R-m PhO-CH(OAc)-C,H,R-m 
(IX) 
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alcohols, and hence these alcohols and their acetates must have the same configuration, 
but in the chromanone series the stable configuration appears to be trans and not cts. 
(c) No rearrangement was observed in the chromanone series, even with 2 : 2-dimethyl- 
chromanone where the stereochemistry must be favourable to migration. (d) The polar 
character of the carbonyl group of chromanones and flavanones would oppose the develop- 
ment on the neighbouring carbon atom of the positive charge necessary for the initiation 
of the Wagner—Meerwein rearrangement or elimination. In contrast it may be noted 
that tetra-O-methylcatechin (XIV) has the ¢vans-configuration and with acidic reagents 
gives 5: 7: 3’ : 4’-tetramethoxy/soflav-2-en (XV) whereas the corresponding cis-compound, 
tetra-O-methylepicatechin (XVI) is dehydrated normally, giving 5 : 7 : 3’ : 4’-tetramethoxy- 
flav-2-en (XVII) as established by Freudenberg and his collaborators and by Baker (/., 
1929, 1593) who gives the bibliography. 
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In spite of the absence of any precise accepted mechanism, the reactions of lead tetra- 
acetate present the chief features of radical activity, and we prefer to interpret the present 
observations in terms of radicals instead of ions. Ina study of the reactions of the radical 
(XIX) formed from (XVIII), Urry and Kharasch (J. Amer. Chem. Soc., 1932, 54, 3274) 
obtained products which showed that (XIX) could isomerise to (XX) by migration of 
phenyl, but they were not able to obtain evidence of a similar migration of methyl which 
would have given (XXI). In other work, Kharasch, Poshkus, Forio, and Nudenberg 


Ph-CMe,*CH,Cl Ph:CMe,CH,: Me,C-CH,Ph Ph-CMe-CH,Me 
(XVII) (XX) (XX) (XX1) 


(J. Org. Chem., 1951, 16, 1458) noted that in certain radicals phenyl migrated from carbon 
to oxygen, whereas with methyl in place of phenyl, elimination occurred without rearrange- 
ment. These observations are entirely consistent with the formation of zsoflavones from 
radical intermediates of type (XXII) and the non-formation of 3-methylchromones from 
the corresponding radicals (XXIII). Further, flavones could arise directly from radicals 
of type (XXIV) by loss of hydrogen in any of several possible ways. Because methyl 
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(XXIV) 
and allied radicals are planar, any stereospecificity in radicals of types (XXII) and (XXIII) 
would disappear and with it any grounds for supposing that the surviving racemates from 
flavanone oxidations have the cis-configuration. Indeed, radicals of type (XXII) would 
be able to adopt the more stable ¢vans-configuration when combining with acetate radicals. 
The apparent discordance between the acetates and alcohols in the flavanone series and 
those in the chromanone series would then be resolved. 
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EXPERIMENTAL 

The light petroleum employed had b. p. 60—80°. 

Oxidation of Flavanone.—A solution of flavanone (8 g.) and lead tetra-acetate (16 g., 1 mol.) 
was kept at 90° for 2} hr., then giving a negative test for quadrivalent lead. The cooled mixture 
was diluted with water, and, on isolation with ether (extracts being washed with aqueous 
sodium hydrogen carbonate), the product was a viscous oil which was dissolved in benzene 
(100 ml.) and poured on aluminium oxide (70 x 2-5 cm.). The column was washed with 
benzene (6 x 200 ml.). Combined and evaporated, the first and second eiuates gave a product 
(1-2 g.), m. p. 80—85°, which on fractional crystallisation from benzene gave (less soluble) 
isoflavone in white plates (0-5 g.), m. p. 182° (Found: C, 81-0; H, 4:5. Calc. for C,;H,,O, : 
C, 81-1; H, 4:5%) (Joshi and Venkataraman, J., 1934, 513). The product left on evaporation 
of the benzene liquors from isoflavone combined with the benzene eluates (3—6) was crystallised 
from ethyl acetate and had m. p. 88—92° (yield, 1-3 g.). Repeated recrystallisation of this 
from methanol ultimately gave 3-acetoxyflavanone in colourless needles (0-6 g.), m. p. 97° 
(Found: C, 72-4; H, 5-1. Calc. for C,,H,,0,: C, 72-4; H, 5-0%) (cf. Oyamada, loc. cit., who 
gives m. p. 94—94-5°). 

The aluminium oxide column was then washed with methanol, the brown solution was 
evaporated, and the residue was extracted with boiling light petroleum, giving flavone in 
colourless needles (0-4 g.) (Found: C, 81:1; H, 4:5%), a solution of which in concentrated 
sulphuric acid exhibited the characteristic blue fluorescence. 

3-Hydroxyflavanone.—Hydrolysed with boiling methanol (20 ml.) and concentrated hydro- 
chloric acid (2 ml.) for } hr., 3-acetoxyflavanone (0-5 g.) gave 3-hydroxyflavanone which separated 
from methanol in needles (0-3 g.), m. p. 184° (Found: C, 74:9; H, 5-3. Calc. for C,;H,,0;: 
C, 75-0; H, 50%) (Oyamada, loc. cit., gives m. p. 183—184°, and Reichel and Steudel, Joc. cit., 
m. p. 176—178°). Interaction of this compound (0-2 g.) with o-phenylenediamine (0-15 g.) in 
boiling alcohol (5 ml.) and acetic acid (3 ml.) for 15 min. gave 1 : 2-dihydroflavano(3’ : 4’-2 : 3)- 
qguinoxaline which formed bright yellow plates, m. p. 177°, from alcohol (Found: C, 80-6; 
H, 4:8; N, 9-J. C,,H,,ON, requires C, 80-8; H, 5-1; N, 90%). On dilution with water the 
dark orange-brown solution of this in concentrated sulphuric acid became royal blue. 

Oxidation of 7-Methoxyflavanone.—(A) This flavanone (Kostanecki and Stoppani, Ber., 
1904, 37, 1180) (2 g.) was oxidised with 1 mol. of lead tetra-acetate in acetic acid for 3 hr., and 
the mixed product isolated with ether by the method employed for flavanone. Fractional 
crystallisation from ethyl acetate gave 7-methoxyisoflavone in needles (0-25 g.), m. p. and mixed 
m. p. 157° (Found: C, 76-3; H, 5-0. Calc. for C,,H,,0,: C, 76-2; H, 4.8%) (Venkataraman, 
J., 1934, 1120). The residual liquors furnished the more soluble 3-acetoxyflavanone which 
separated from methanol in needles (0-3 g.), m. p. 161° (Found: C, 69-3; H, 5-2; OMe, 9-8. 
Calc. for C,,H,,;0,°OMe: C, 69-2; H, 5-1; OMe, 9-9%) (Oyamada, loc. cit., gives m. p. 159—161°). 

(B) The reaction mixture from 7-methoxyflavanone (10 g.) was separated by the chromato- 
graphic procedure employed for the product from flavanone. The benzene eluates (1) and (6) 
contained only traces of material. Evaporation of the eluate (2) left 3-acetoxy-7-methoxy- 
flavanone (1-8 g.), m. p. and mixed m. p. 161° after purification, whilst eluates (3) and (4) gave 
a mixed product (4:5 g.), m. p. 124—136°. Eluate (5) gave 7-methoxyisoflavone (0-6 g.), 
m. p. and mixed m. p. 157° after purification. The residue left on evaporation of the light brown 
methanolic eluate, which had a blue fluorescence, was extracted with light petroleum, giving 
7-methoxyflavone in colourless needles (0-4 g.), m. p. 109—-110°, undepressed on admixture 
with an authentic specimen, m. p. 110° (Léwenbein, Ber., 1924, 57, 1515) (Found: C, 75-7; 
H, 4-8; OMe, 12-1. Calc. for C,;H,O,*OMe: C, 76:2; H, 4-8; OMe, 12-3%). That 7-methoxy- 
flavone did not arise from the decomposition of 3-acetoxy-7-methoxyflavanone by the aluminium 
oxide was established by the fact that the oily residues left from the separation of the oxidation 
products by method (A) yielded a small amount of the flavone, m. p. and mixed m. p. 110°. 

3-Hydroxy-7-methoxyflavanone.—(A) Deacetylation of 3-acetoxy-7-methoxyflavanone (0-1 
g.) by boiling hydrochloric acid—methanol or by 80% sulphuric acid at room temperature gave 
3-hydroxy-7-methoxyflavanone, forming needles (0-8 g.), m. p. 150°, from methanol, with a 
negative ferric reaction (Found: C, 70-9; H, 5-2; OMe, 9-7. Calc. for C,,H,,0,;0Me: C, 
71-1; H, 5-2; OMe, 11-5%) (Oyamada, loc. cit., gives m. p. 146—147°). Treatment of this 
compound (0-1 g.) with acetic anhydride (10 ml.) and concentrated sulphuric acid (2 drops) for 
10 min. regenerated the acetate (0-08 g.), m. p. and mixed m. p. 160°. Attempts to dehydrate 
3-hydroxy-7-methoxyflavanone with cold 80% or boiling 15% sulphuric acid or with boiling 
acetic anhydride were unsuccessful; more drastic conditions led to decomposition. 
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With o-phenylenediamine 3-hydroxy-7-methoxyflavanone gave a dihydroquinoxaline 
derivative, forming yellow needles, m. p. 163° (from methanol and then light petroleum), which 
had a violet sulphuric acid reaction subsequently becoming blue (Found: C, 77:7; H, 4-9; 
N, 8-6; OMe, 11-8. C,,H,;ON,°OMe requires C, 77:2; H, 5-3; N, 8-2; OMe, 9-1%). 

A mixture of 3-hydroxy-7-methoxyflavanone (0-3 g.), alcohol (20 ml.), 2N-aqueous sodium 
hydroxide (1-5 ml.), and perhydrol (1 ml.) was heated on the steam-bath for 4 hr., cooled, and 
acidified. Crystallised from methanol, the yellow precipitate gave 7-methoxyflavonol in pale 
yellow needles (0-2 g.), m. p. 179°, having the characteristic violet ferric reaction (Found : 
C, 71:7; H, 4:6; OMe, 11-7. Calc. for C,;H,O,,0OMe: C, 71-6; H, 4:5; OMe, 11-5%) (cf. 
Kostanecki, Ber., 1904, 37, 1181, who gives m. p. 180°). The flavonol (0-3 g.) was also formed 
by (a) heating 3-hydroxy-7-methoxyflavanone (0-4 g.) with a boiling mixture of 2N-sulphuric 
acid (5 ml.) and dioxan (6 ml.) for 12 hr. and on purification had m. p. and mixed m. p. 179, and 
(b) keeping 3-acetoxy-7-methoxyflavanone (0-12 g.) in methanol (100 ml.) saturated with am- 
monia for 3 days at 0°, removing the solvent in a current of air, and crystallising the product 
from methanol. On isolation the compound formed yellowish needles, m. p. and mixed m. p. 
179° (0-06 g.), having a violet ferric reaction and forming an acetate, m. p. 176°. Some yellow 
amorphous material was also formed. 

7-Methoxyflavonol was prepared (cf. Reichel and Steudel, loc. cit.) by boiling a solution of 
2’-hydroxy-4’-methoxychalkone (1-5 g.) in methanol (200 ml.), containing perhydrol (5 ml.) and 
2N-aqueous sodium hydroxide (4 ml.), for } hr. Acidification of the cooled mixture gave the 
flavonol, m. p. and mixed m. p. 178—180°. The acetate had m. p. 175—176° (Kostanecki, 
loc. ctt.). 

(B) A solution of 2’-hydroxy-4’-methoxychalkone (1 g.) in alcohol (100 ml.), containing 
perhydrol (5 ml.) and 2N-aqueous sodium hydroxide (2-5 ml.), was gently heated for a few 
minutes, kept for ca. 18 hours, and acidified (cf. Reichel and Steudel, Joc. cit.). Crystallised 
from alcohol, the precipitate gave 3-hydroxy-7-methoxyflavanone in needles (0-25 g.), m. p. 
148—150°, undepressed by the foregoing specimen, m. p. 150°. 

(C) On adding boiling 60% aqueous potassium hydroxide (10 ml.) to a mixture of 2-hydroxy- 
« : 4-dimethoxyacetophenone (Slater and Stephen, J., 1920, 309) (2 g.), benzaldehyde (1-1 g.), 
and methanol (5 ml.) a vigorous reaction ensued and the mixture set to a bright yellow solid. 
Treatment of this solid with dilute acids gave pale yellow oils which did not solidify. The 
product was triturated with water (150 ml.) and the resulting pale yellow solid (1-8 g.), which 
undoubtedly consisted of the chalkone (III), was heated under reflux with methanol (150 ml.) 
containing concentrated hydrochloric acid (8 ml.) and water (20 ml.) for 6 hr., the methanol 
was evaporated, and the residue was extracted with ether. Evaporation of the extracts, 
which had been washed with aqueous sodium hydrogen carbonate and water, left an oil which 
crystallised from ethyl acetate-light petroleum and then methanol, giving 3-hydroxy-7- 
methoxyflavanone, m. p. and mixed m. p. 150°. 

Oxidation of 7: 4’-Dimethoxyflavanone.—The crude product (7-8 g.) from the oxidation of 
7: 4-dimethoxyflavanone (Juppen and Kostanecki, Ber., 1904, 37, 4161) (8 g.) and lead tetra- 
acetate (13-6 g., 1 mol.) in acetic acid (100 ml.) at 80—90° for 4 hr. was resolved by the chromato- 
graphic method into (a) 3-acetoxy-7 : 4’-dimethoxyflavanone, needles (0-5 g.), m. p. 140°, 
from methanol [Found: C, 66-4; H, 5-5; OMe, 18-1. Calc. for C,,H,,0,(OMe),: C, 66-7; 
H, 5:3; OMe, 18-1%], (0) 7: 4’-dimethoxyisoflavone, m. p. and mixed m. p. 161° (cf. Anderson 
and Marrian, J. Biol. Chem., 1939, 127, 649, who give m. p. 158—159°) [Found: C, 72-5; H, 
5-0; OMe, 22-1. Calc. for C,,H,O,(OMe),: C, 72:3; H, 5-0; OMe, 22-0%], and (c) 7: 4’- 
dimethoxyflavone, m. p. 145° (Found: C, 72-4; H, 5-2; OMe, 21-5%) (Tambor, Ber., 1916, 
49, 1710). 

Deacetylation of 3-acetoxy-7 : 4’-dimethoxyflavanone with 80% sulphuric acid at room 
temperature for 1 hr. gave 3-hydroxy-7 : 4-dimethoxyflavanone, forming needles, m. p. 130°, 
from light petroleum (Found: C, 08-0; H, 5-5. Calc. for C,,H,,O;: C, 68-0; H, 53%) 
(Oyamada, loc. cit., gives m. p. 124—126° for this compound, and m. p. 143—144?° for its acetate). 

Oxidation of 3’ : 4’-Dimethoxyflavanone.—One mol. of lead tetra-acetate furnished a product 
which, separated by the chromatographic method, appeared to consist of unchanged flavanone 
(yield 26%) and 3’: 4’-dimethoxyflavone, forming needles (yield, 22%), m. p. 155°, from 
methanol [Found: C, 72:3; H, 5-1; OMe, 21-4. Calc. for C;;H,O,(OMe),: C, 72:3; H, 5-0; 
OMe, 21-9%] (Berstein, Fraschina, and Kostanecki, Ber., 1905, 38, 2180). When 3’: 4’- 
dimethoxyflavanone (5 g.) was oxidised with lead tetra-acetate (2 mols.), and the product 
separated by fractional crystallisation, unchanged flavanone (0-5 g.) and 3’: 4’-dimethoxy- 
flavone (1-5 g.) were obtained. 
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Oxidation of 7: 3’ : 4’-Trimethoxyflavanone.—The product formed by the standard method 
was crystallised from ethyl acetate, and the mixed pale yellow needles, mainly 7 : 3’: 4’-tri- 
methoxyflavone, and coloured plates, mainly 7: 3’: 4’-trimethoxyisoflavone, were separated 
manually. Resolution of the product (6-2 g.) from 7: 3’: 4’-trimethoxyflavanone (7-2 g.) by 
the chromatographic method gave the isoflavone (from the chloroform eluate), forming colour- 
less plates (0-8 g.), m. p. and mixed m. p. 161°, from benzene, and the flavone (from the benzene 
mother-liquors and methanolic eluate) which separated from light petroleum and then methanol 
in almost colourless needles (1-3 g.), m. p. and mixed m. p. 176° (Found: C, 69-5; H, 5-5. 
C,gH,,O0; requires C, 69-2; H, 5-1%). 

7: 3’: 4’-Trimethoxyflavone.—Prepared from 4-O-methylresacetophenone (4 g.) and veratroyl 
chloride (5 g.) in pyridine (30 ml.), 4-methoxy-2-veratroyloxyacetophenone separated from alcohol 
in plates (4-9 g.), m. p. 157°, with a negative ferric reaction [Found: C, 64-8; H, 5-4; OMe, 
27-1. C,,;H,O,(OMe), requires C, 65-5; H, 5-5; OMe, 28-2%]. A solution of this compound 
(4-5 g.) in benzene (100 ml.), containing sodamide (20 g.), was heated under reflux for 4 hr., 
filtered (salts being washed with benzene), and poured into water at 0°. After the acidification 
of the mixture the benzene liquor was separated with the aid of ether and the residue left on 
evaporation of the solvents was crystallised from methanol, giving a compound in pale yellow 
needles (0-3 g.), m. p. 150° (a weak red-brown ferric reaction), which appeared to be 2-hydroxy- 
4-methoxy-ww-diveratroylacetophenones [Found : C, 65:7; H, 5-5; OMe, 30-4. C,.H,,0,(OMe), 
requires C, 65-6; H, 5-3; OMe, 31-4%]. On concentration the methanolic liquors deposited a 
mixture of colourless prisms and bright yellow needles from which the latter were separated 
manually. Recrystallised from benzene-light petroleum this product gave 2-hydroxy-4- 
methoxy-w-veratroylacetophenone in yellow needles (0-4 g.), m. p. 129°, with a deep reddish- 
maroon ferric reaction [Found : C, 65-6; H, 5-8; OMe, 30-8. C,;H,O,(OMe), requires C, 65-5; 
H, 5:5; OMe, 28-2%]. 

Cyclisation with 80% sulphuric acid (20 ml.) at room temperature for 2 hr., followed by 
hydrolysis of the sulphate precipitated with water (200 ml.), of 2-hydroxy-4-methoxy-w- 
veratroylacetophenone yielded 7 : 3’ : 4’-trimethoxyflavone which separated from methanol in 
colourless needles (0-25 g.), m. p. 176° [Found : C, 69-6; H, 5-4; OMe, 30-1. C,,;H,O,(OMe), 
requires C, 69-2; H, 5-1; OMe, 29-8%]. 

7: 3’: 4’-Trimethoxyisoflavone.—Pulverised sodium (1 g.) was added to a mixture of 3’: 4’- 
dimethoxybenzyl 2-hydroxy-4-methoxyphenyl ketone (Bentley and Robinson, J., 1950, 1353) 
(1:5 g.) and methyl formate (50 ml.) at 0°, and 24 hr. later the mixture was treated with 
water. Isolated with ether, the product was crystallised from ethyl acetate and then methanol, 
giving the isoflavone in colourless needles (0-5 g.), m. p. 161° (Found: C, 69-2; H, 5-1; OMe, 
29-8%). 

7-Methoxy-3'-nitroflavanone.—Interaction of 4-O-methylresacetophenone (20 g.), m-nitro- 
benzaldehyde (18-2 g.), and 60% aqueous sodium hydroxide (30 ml.) in alcohol (50 ml.) at 55° 
for 5 min. and then at room temperature for 24 hr. furnished 2’-hydroxy-4’-methoxy-3-nitro- 
chalkone, forming yellow needles (15-8 g.), m. p. 182°, from ethyl acetate, with a pale brown 
ferric reaction (Found: C, 64:4; H, 4:5; N, 4:8. C,,H,,0,;N requires C, 64-2; H, 4-4; N, 
4-7%). A mixture of this chalkone (34 g.), alcohol (4 1.), and 3% hydrochloric acid was heated 
under reflux for 30 hr., the greater part of the alcohol was distilled, and the chalkone—flavanone 
mixture was precipitated with water. Repeated crystallisation of the solid from benzene and 
then ethyl acetate gave 7-methoxy-3’-nitroflavanone in colourless plates (14 g.), m. p. 211° 
(Found: C, 64-0; H, 4-6; N, 46%). 

The crude product (5-7 g.) from the oxidation of this flavanone (8 g.) with lead tetra-acetate 
(1 mol.) under the usual conditions could not be conveniently chromatographed. Fractional 
crystallisation from alcohol gave 7-methoxy-3’-nitroflavone in colourless needles (1-2 g.), m. p. 
212°, identical with a synthetical specimen (Found: C, 64:8; H, 3-6; N, 4:4. OMe, 11-5. 
C,;H,O,N:OMe requires C, 64-7; H, 3-7; N, 4:7; OMe, 10-4%). The residue left on evapor- 
ation of the alcoholic liquors was crystallised from benzene, ethyl acetate, and finally chloroform 
and, by repeated chromatography from benzene on aluminium oxide, was then resolved into 
unchanged 7-methoxy-3’-nitroflavanone (0-7 g.), m. p. and mixed m. p. 211°, and fractions of 
m. p. ca. 150—165° from which a pure compound could not be isolated. 

7-Methoxy-3'-nitroflavone.—The m-nitrobenzoate of 4-O-methylresacetophenone (8 g.) 
separated from ethyl acetate in colourless prisms (10-5 g.), m. p. 109° (Found: C, 60-6; H, 
4-1; N, 4:5; OMe, 8-7. C,;H,0,;N*OMe requires C, 61-0; H, 4-1; N, 4-4; OMe, 98%). A 
mixture of this ester (5 g.), benzene (50 ml.), and sodamide (25 g.) was heated under reflux for 
4 hr., and a solution of the resulting orange precipitate in water at 0° was acidified with acetic 
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acid. The dark solid was repeatedly extracted with chloroform, the solvent evaporated, and 
the residue extracted with light petroleum (b. p. 60—80°), giving w-benzoyl-2-hydroxy-4-methoxy- 
3’-nitroacetophenone which separated from ethyl acetate—light petroleum in yellow needles 
(0-5 g.), m. p. 160° (Found: C, 60-7; H, 4:0; N, 4:1. C,,H,,0,N requires C, 61-0; H, 4-1; 
N, 44%). Cyclised with 80% sulphuric acid at room temperature, this diketone (0-4 g.) 
furnished 7-methoxy-3’-nitroflavone, which separated from benzene in needles (0-3 g.), m. p. 
212°, identical with the specimen obtained from 7-methoxy-3’-nitroflavanone. 

Bromination of 7-Methoxyflavanone.—(A) In an attempt to prepare 3-acetoxy-7-methoxy- 
flavanone by way of the 3-bromoflavanone, a route which Zemplen and Bognar (Ber., 1943, 
76, 452) used for preparation of 3:5: 7: 3’-tetrahydroxy-4’-methoxyflavanone, the dropwise 
addition of bromine (0-32 g.) in carbon disulphide (5 ml.) to 7-methoxyflavanone (0-5 g.) in the 
same solvent (10 ml.) gave 3-bromo-7-methoxyflavanone, forming colourless rectangular prisms 
(0-2 g.), m. p. 163—164°, from methanol (Found: C, 58-0; H, 4:2; Br, 23-4. C,,H,,0,Br 
requires C, 57-7; H, 3-9; Br, 24:0%). The same product was formed with carbon tetrachloride 
as the solvent but the use of chloroform gave unsatisfactory results. With silver acetate 
(0-1 g.) in boiling acetic anhydride (5 ml.) and acetic acid (5 ml.) this compound furnished 7- 
methoxyflavone (0-1 g.), m. p. and mixed m. p. 110°, which was also formed by heating the 
bromo-compound (0-4 g.) with potassium acetate (0-2 g.) in boiling alcohol (30 ml.) for 1} hr. 

(B) A mixture of 7-methoxyflavanone (2 g.), N-bromosuccinimide (1-4 g.), and carbon 
tetrachloride (30 ml.) was heated under reflux for 1 hr.; the solution became brown and then 
colourless. On isolation the product was repeatedly crystallised from methanol, giving 6- 
bromo-7-methoxyflavanone in colourless plates (0-5 g.), m. p. 134° (Found: C, 57-8; H, 4-1; 
Br, 24-1. C,,H,,;0,Br requires C, 57-7; H, 3-9; Br, 24-:0%). From the methanolic liquors 
a small amount of dibromo-7-methoxyflavanone was obtained which formed colourless needles 
(0-2 g.), m. p. 173—174°, from methanol (Found: C, 46-4; H, 3-2; Br, 38-6. C,,H,,O,Br, 
requires C, 46-6; H, 2-9; Br, 38-8%). Bromination with N-bromosuccinimide (1-2 g.) in 
carbon tetrachloride (20 ml.) for 14 hr. gave only the 6-bromo-derivative, m. p. 134°. Similarly, 
7-methoxyflavanone (5 g.) and N-bromosuccinimide (3-6 g.) in boiling chloroform (70 ml.) 
containing benzoyl peroxide (0-2 g.) for $ hr. gave 6-bromo-7-methoxyflavanone (2-2 g.), m. p. 
134° (cf. Lorette, Gage, and Wender, J. Org. Chem., 1951, 16, 930, who converted flavanones into 
flavones by this method). 

A mixture of 6-bromo-7-methoxyflavanone (4-7 g.), potassium hydroxide or potassium acetate 
(3 g.), and alcohol (30 ml.) was heated under reflux for } hr., diluted with water (200 ml.), and 
acidified with hydrochloric acid. Crystallised from ethyl acetate—light petroleum, the pre- 
cipitate gave 5’-bromo-2’-hydroxy-4’-methoxychalkone in yellow needles (4:2 g.), m. p. 171°, 
with an orange-brown ferric reaction (Found: C, 58-2; H, 4:3; Br, 24:0. C,,H,,0,Br requires 
C, 75:7; H, 3-9; Br, 24:0%). On methylation by the methyl iodide—potassium carbonate 
method this compound (2 g.) yielded 5’-bromo-2’ : 4’-dimethoxychalkone which separated from 
alcohol in pale yellow leaflets (1-6 g.), m. p. 133°, with a negative ferric reaction (Found: C, 
58-8; H, 4:3; Br, 23-3. C,,H,,0,Br requires C, 58-8; H, 4:3; Br, 23-1%). Oxidation of this 
ether (1 g.) with potassium permanganate (3-2 g.) in acetone (1-2 1.) at room temperature for 
24 hr. gave benzoic, m. p. 121°, and 5-bromo-2 : 4-dimethoxybenzoic acid, needles (0-25 g.), 
m. p. 197° (from ethyl acetate) (Found: C, 41-6; H, 3-2; Br, 30-3. Calc. for C,H,O,Br : 
C, 41-4; H, 3-5; Br, 30-7%) (Reichert and Koch, Ber., 1935, 68, 445). The methyl ester separ- 
ated from methanol in plates, m. p. 117° [Found: C, 43-9; H, 4:0; Br, 28-9; OMe, 32-6. 
Calc. for C;,H,OBr(OMe),: C, 43-6; H, 4-0; Br, 29-1; OMe, 33-8%]. 

3-Acetoxychroman-4-one appeared to be the sole oxidation product formed when chroman-4- 
one (Powell, J. Amer. Chem. Soc., 1923, 45, 2711) (3-5 g.) was treated with lead tetra-acetate 
(12 g.) in acetic acid (60 ml.) at 80—90° for 2 hr. (test for quadrivalent lead then negative). 
Precipitated with water (600 ml.), and crystallised from light petroleum containing a trace of 
ethyl acetate, the product formed needles (1-8 g.), m. p. 74°, with a negative ferric reaction 
(Found: C, 63-9; H, 4:9. C,,H,,O, requires C, 64-1; H, 4:9%). Attempts to deacetylate 
this compound with warm methanolic hydrochloric acid or with cold 80% sulphuric acid gave 
small amounts of intractable mixtures; in one experiment a solid, m. p. ca. 140—150°, was 
obtained which had a red-brown ferric reaction. 

2-Methylchroman-4-one.—Esterification of phenol (18-8 g.) with crotonyl chloride (23 g.) 
and magnesium (2-8 g.) in boiling benzene (50 ml.) by Spassow’s method (Ber., 1942, 75, 779) 
yielded phenyl crotonate (31-9 g.), b. p. 96°/5 mm. (Found: C, 74:0; H, 6-2. Cy HO, requires 
C, 74:1; H, 6-2%). On being heated with aluminium chloride (20 g.) at 140—150° for 2 hr. 
this ester (20 g.) furnished a mixture of 2-hydroxycrotonylbenzene and the chromanone as an 


4580 The Oxidation of Chromanones and Flavanones, etc. 


oil (6-4 g.), b. p. 134—136°/1 mm., which gave a purple ferric reaction and a red 2: 4-dinitro- 
phenylhydrazone. This product (7-5 g.) was refluxed in alcohol (100 ml.) and 3% hydrochloric 
acid (100 ml.) for 24 hr., the alcohol was evaporated, and the residue was diluted with saturated 
aqueous ammonium sulphate. Isolated with ether, the resulting pale yellow oil (6-9 g.), 
b. p. 132—134°/25 mm., was purified by chromatography from benzene-light petroleum (1 : 2) 
on aluminium oxide (50 x 2-5 cm.), giving 2-methylchroman-4-one in white plates (5-2 g.), 
m. p. 32°, with a negative ferric reaction (Found: C, 73-9; H, 6-1. C,)H,)O, requires C, 74-1; 
H, 6-2%) (cf. Miller and Wieseman, Annalen, 1938, 587, 86, who isolated this compound as the 
p-nitrophenylhydrazone). The 2: 4-dinitrophenylhydrazone formed orange-red plates, m. p. 
236°, from ethyl acetate (Found: C, 55-7; H, 4-2; N, 16-4. C,,H,,O;N, requires C, 56-1; 
H, 4:1; N, 16-4%). 

3-H y droxy-2-methylchroman-4-one.—3-A cetoxy-2-methylchroman-4-one (3-1 g.) was obtained 
from 2-methylchroman-4-one (10 g.) with lead tetra-acetate (27 g.) by the standard method 
and, on repeated crystallisation from methanol, formed needles (2-6 g.), m. p. 97°, with a negative 
ferric reaction (Found: C, 65-5; H, 5-6. C,,H,,O, requires C, 65-5; H, 5-5%). In addition 
an indefinite oily product was isolated which on acetylation gave more 3-acetoxy-2-methyl- 
chroman-4-one (0-8 g.), m. p. 97°, after purification from ethyl acetate—light petroleum and 
then methanol. 

Deacetylation of the acetate (0-2 g.) with a boiling mixture of concentrated hydrochloric 
acid (1 ml.) and methanol (20 ml.) yielded 3-hydvoxy-2-methylchroman-4-one, forming needles 
(0-1 g.), m. p. 103°, from methanol with a negative ferric reaction (Found: C, 67-7; H, 8-9. 
C,H, O3; requires C, 67-4; H, 56%). With methanolic o-phenylenediamine (0-15 g.) this 
hydroxy-ketone (0-22 g.) gave the dihydroquinoxaline which separated from alcohol in pale 
orange needles (0-15 g.), m. p. 155°, having a red-brown sulphuric acid reaction which became 
intense purple on the addition of water, and forming a yellow solution in hydrochloric acid which 
rapidly became green and then deep violet (Found: C, 76-9; H, 5-4; N, 1-1. C,,H,,ON, 
requires C, 76-8; H, 5-6; N, 11-2%). 

7-Methoxy-2-methylchroman-4-one.—Prepared by the Spassow method (loc. cit.), 3-methoxy- 
phenyl crotonate was a colourless oil, b. p. 125°/3 mm. (Found: C, 69-3; H, 6:5. C,,H,,0, 
requires C, 68-8; H, 6-3%). With aluminium chloride (20 g.) at 140—1650° for 2 hr. it (20 g.) 
gave a mixture (6-4 g.), b. p. 134—136°/1 mm., which was heated with boiling alcohol (100 ml.) 
and 3% hydrochloric acid (100 ml.) for 24 hr. On isolation the resulting 7-methoxy-2-methyl- 
chroman-4-one was distilled in a vacuum and then purified by chromatography and obtained in 
plates [from light petroleum—benzene (2: 1; 100 ml.)] (4:2 g.), m. p. and mixed m. p. 77° (Found : 
C, 68-8; H, 6-1. Calc. for C,,H,,0,: C, 68-8; H, 6-3%); the 2: 4-dinitrophenylhydrazone 
had m. p. 252° (cf. Richards, Robertson, and Ward, J., 1948, 1610). 

3-Hydroxy-7-methoxy-2-methylchroman-4-one.—Oxidation of the foregoing 7-methoxy-2- 
methylchromanone (5 g.) by the standard method gave an oil which on trituration with alcohol, 
furnished a mixture (2-9 g.), m. p. 80—100°. Fractional crystallisation of this from ethyl 
acetate gave two very similar isomeric compounds; the less soluble 3-acetoxy-7-methoxy-2- 
methylchroman-4-one (A) separated from methanol in colourless needles (1-1 g.), m. p. 120° 
(Found: C, 62-4; H, 5-5; OMe, 11-6. C,,H,,0O,*OMe requires C, 62-4; H, 5-6; OMe, 12-4%), 
and the more soluble 3-acetoxy-7-methoxy-2-methylchroman-4-one (B) from methanol in colourless 
plates (6-8 g.), m. p. 118° (Found: C, 62:9; H, 5-6; OMe, 11-6%). A mixture of (A) and (B) 
had m. p. ca. 100°. 

Deacetylation of (A) (0-4 g.) with hot methanol (20 ml.) containing concentrated hydro- 
chloric acid (2 ml.), or with 80% sulphuric acid (10 ml.) at room temperature for } hr., gave 
3-hydroxy-7-methoxy-2-methylchroman-4-one, forming needles (0-3 g.), m. p. 152°, from methanol, 
with a negative ferric acid reaction (Found: C, 63:7; H, 6-2; OMe, 14:5. Cyj)H,O;-OMe 
requires C, 63-5; H, 5-8; OMe, 14-99%). With o-phenylenediamine this hydroxychromanone 
furnished the dihydroquinoxaline which separated from alcohol in pale yellow needles, m. p. 
122° (Found : C, 72-4; H, 5-5; N, 9-4. C,,H,g0,N, requires C, 72-8; H, 5-7; N, 10-0%). 

Deacetylation of acetate (B) with warm methanol-hydrochloric acid yielded 3-hydroxy-7- 
methoxy-2-methylchroman-4-one, m. p. and mixed m. p. 152° (Found: C, 63-9; H, 61; 
OMe, 14-6%). With 80% sulphuric acid (10 ml.) at room temperature for 4 hr., acetate (B) 
(0-3 g.) gave 7-methoxy-2-methylchromone in colourless needles, m. p. and mixed m. p. 113°. 

Acetylation of 3-hydroxy-7-methoxy-2-methylchroman-4-one (0-3 g.), from either acetate 
(A) or (B), with acetic anhydride (8 ml.) and sodium acetate (0-2 g.) on the steam-bath for 
1 hr. gave only acetate (A), m. p. and mixed m. p. 120°. 

3-Hydvoxy-7-methoxy-2 : 2-dimethylchroman-4-one.—Oxidation of 7-methoxy-2 : 2-dimethy]l- 
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chroman-4-one (Bridge, Crocker, Cubin, and Robertson, J., 1937, 1530) (4 g.) by the standard 
method yielded a solid (3-5 g.) which on crystallisation from ethyl acetate and then methanol 
gave 3-acetoxy-7-methoxy-2 : 2-dimethylchroman-4-one in rectangular prisms (2-8 g.), m. p. 129 
(Found: C, 63-4; H, 6-3; OMe, 12-6. C,,H,,0,*°OMe requires C, 63-6; H, 6-1; OMe, 11-7%). 
Deacetylation of this acetate (0-5 g.) with methanol-hydrochloric acid furnished 3-hydroxy-7- 
methoxy-2 : 2-dimethylchroman-4-one, forming plates (0-3 g.), m. p. 110°, from methanol [Found : 
C, 64-7; H, 6-2; OMe, 14-6. C,,H,,0,(OMe) requires C, 64-9; H, 6:3; OMe, 14:0%], and 
giving a dihydroquinoxaline which separated from methanol in yellow needles, m. p. 154°, with 
an intense purple sulphuric acid reaction (Found: C, 73-7; H, 5-5; N, 9-3. C,gH,,0,N, 
requires C, 73-5; H, 6-1; N, 9-5%). 

Oxidation of Benzyl Phenyl Ethers.—Benzy] pheny] ether (3-7 g.) in glacial acetic acid (20 ml.) 
was treated with lead tetra-acetate (9-4 g.) at 100° for 3 hr.; tests for quadrivalent lead were 
then negative. The mixture was diluted with water (250 ml.). The oily product, which was 
isolated with ether, was insoluble in 2N-aqueous sodium hydroxide. It was hydrolysed with 
this reagent at 100° for } hr., giving benzaldehyde, identified as the 2 : 4-dinitrophenylhydrazone 
(0-6 g.), m. p. 234°, and phenol, characterised as 2 : 4 : 6-tribromophenol, m. p. 93—94° (0-7 g.). 

A mixture of phenol (4-7 g.), m-nitrobenzyl bromide (10-8 g.), and potassium carbonate 
(7-0 g.) was heated in boiling ethyl methyl ketone (200 ml.) for 4 hr. On isolation, the resulting 
m-nitrobenzyl phenyl ether was a yellow oil, b. p. 182°/3 mm. (6-9 g.) (Found: C, 67-7; H, 4-7. 
C,,H,,0,N requires C, 68-1; H, 4-8%). 

This ether (2:3 g.) did not react with lead tetra-acetate (4:4 g.) in acetic acid (20 ml.) at 
room temperature, but at 108° for 1} hr. it gave a yellow oil which, when purified by disillation, 
had b. p. 149°/0-1 mm. (yield, 1-8 g.) and an acetyl value indicating that the mixture contained 
ca. 43% of (XI; R= NO,) (Found: OAc, 6-7. Calc. for C,;H,;0,N : OAc, 15:0%). This 
product (1-0 g.) was heated at 80° in alcohol (20 ml.) and 2N-hydrochloric acid (5 ml.) for 20 
min., and the resulting m-nitrobenzaldehyde isolated as the 2: 4-dinitrophenylhydrazone, 
forming dark red prisms, m. p. 286° (decomp.) (0-4 g.), from Carbitol (diethylene glycol mono- 
ethyl ether) (Found: N, 20-8. Calc. for C,,H,O,N,;: N, 21-:1%). Attempts to improve the 
yield of (XI; R = NO,) were unsuccessful. 
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The Stability of the Disulphides of Thiamine Analogues. 
By P. Nesbitt and P. SyKEs. 
[Reprint Order No. 5615.] 


Disulphides have been prepared from a number of thiamine analogues, 
including N-methylthiamine (Nesbitt and Sykes, /., 1954, 3057), and their 
stability in hot isobutanol has been investigated. Confirmation has thereby 
been obtained of the mechanism previously suggested (Sykes and Todd, 
J., 1951, 534) for the disproportionation of thiamine disulphide. 


IN a previous paper (Sykes and Todd, /J., 1951, 534), a mechanism was suggested for the 
disproportionation of thiamine disulphide (1; R = NH,) in hot, high-boiling hydroxylic 
solvents, thiochrome (II) and thiamine thiazol-2-one (III; R = NH,) (Sykes, /., 1951, 
2507) being produced. It was then suggested that the initiating step of the reaction was 
the dehydrative cyclisation of the pyrimidine 4-amino-group in (I; R = NH,) with the 
nearby N-formyl group which is liberated when the thiazole nucleus of the thiamine 
chloride hydrochloride is opened by alkali and prevented from reclosing by oxidation of the 
sodium salt of the thiol (VI; R = NH,, R’ = Na), so formed, to the disulphide. To test 
this hypothesis, disulphides were required which resembled that from thiamine as closely 
as possible, but in which this particular dehydrative ring-closure could not take place. 
4-Hydroxythiamine chloride hydrochloride was thought to be a suitable parent thiazolium 
compound and was readily available (Rydon, Biochem. J., 1951, 48, 383). N-Methylthi- 
amine chloride hydrochloride was an apparently even more satisfactory model and this 
was synthesised for the purpose (Nesbitt and Sykes, /., 1954, 3057). 

4-Hydroxythiamine chloride hydrochloride was converted into the disulphide (I; 
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R = OH) by oxidation in alkaline solution with hydrogen peroxide, and N-methylthiamine 
chloride hydrochloride was oxidised to (I; R = NHMe) with iodine. Both compounds, 
like thiamine disulphide itself, become solvated with almost any solvent from which they 
have been recrystallised and retain the solvent of crystallisation most tenaciously. 
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Although neither of these disulphides could, on heating, yield thiochrome or a similar 
compound (N-methylthiamine disulphide could theoretically yield a dihydrothiochrome 
derivative), there would be no formal structural difficulty in their being converted into the 
thiazol-2-ones (III; R = NHMe and OH) (Sykes and Todd, Joc. cit.), provided the di- 
sulphide linkage undergoes fission. In fact, however, this does not occur; refluxing of 
either disulphide in zsobutanol leads only to recovery of the starting material, and paper 
chromatography of the zsobutanol solution failed to reveal any other pyrimidine com- 
ponent. It might still be possible that both these disulphides dissociate into free thiol 
radicals on heating but that these are only able to reform the disulphides, no alternative 
reaction being open tothem. Refluxing a1: 1 mixture of the two disulphides in zsobutanol, 
however, failed to yield any trace of a mixed disulphide, even on paper chromatography. 
The evidence thus seems overwhelming that both disulphides remain undissociated in hot 
tsobutanol, in contrast to thiamine disulphide itself, which disproportionates very rapidly, 
and also that the occurrence of the dehydrative ring closure, mentioned above, is an 
essential preliminary to the dissociation of disulphides of this type. 

Further evidence that the ease of fission of the S-S linkage in thiamine disulphide is 
exceptional is provided by a study of the stability of the benzyl analogues (IV; R = R’ = 
H; R=NO,, R’ = H; and R = NO,, R’ = CH,°CH,°OH). Refluxing each of these in 
isobutanol or xylene does not lead to breakdown, as indicated by recovery of the starting 
material and paper chromatography of the solutions. Refluxing the compounds in xylene 
in the presence of diphenyldiazomethane did not give a mixed product derived from a free 
thiol radical, the diazo-compound being converted into diphenylketazine (V). Similar 
results were obtained with diphenyldiazomethane and thiamine disulphide but here any 
free thiol radicals formed have available to them alternative intramolecular reactions 
(formation of thiochrome or thiamine thiazol-2-one), which would be expected to the 
exclusion of intermolecular reaction with diphenyldiazomethane. Refluxing of mixtures 
of pairs of the benzyl disulphide models, or all three together, again failed to reveal any 
component other than the starting material on paper chromatography. 

Further evidence was obtained from a mixed disulphide of a thiamine and a simple 
alkyl or aryl residue. Reaction of the sodium salt (VI; R = NH, R’ = Na) of the “ open- 
chain ’’ form of thiamine with phenylsulphenyl chloride, however, yielded only the sym- 
metrical products, thiamine disulphide (I; R = NH,) and diphenyl disulphide. We have 
observed this type of reaction previously, when reaction of phenylsulphenyl chloride with 
a thiol yielded the expected product, while reaction with the ion RS~ yielded only the two 
symmetrical disulphides. It seems that in the latter case the mixed disulphide RS:SPh 
is the initial product but undergoes a rapid exchange with RS~ to yield the symmetrical 
disulphides. Reaction of phenylsulphenyl chloride with a suspension of the covalent silver 
derivative (VI; R= NHg,, R’ = Ag) in dioxan, however, yielded phenyl thiamine di- 
sulphide (VI; R= NH,, R’ = PhS). Reaction of the sodium salt (VI; R = NH,, 
R’ Na) with sodium toluene-w-thiolsulphonate (cf. Matsukawa e¢ al., J. Pharm. Soc. 
Japan, 1953, 73, 497) yielded benzyl thiamine disulphide (VI; R = NHg, R’ = Ph-CH,’S). 
This ionic reaction also yields only symmetrical products in some cases; thus the reaction 
of the sodium salt (VI; R = OH, R’ = Na) of the “ open-chain ” form of 4-hydroxy- 
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thiamine with sodium toluene-w-thiolsulphonate yields only dibenzyl disulphide and 
4-hydroxythiamine disulphide. 
Refluxing of the mixed disulphides (VI; R = NH,, R’ = PhS and Ph:CH,’S) in tso- 
butanol resulted in almost quantitative conversion into thiochrome (II) and diphenyl and 
[A\R PP eee S- Me x /CHO SR’ 
| I 
ye —f pr > Ne N \ ts | 
I ‘cht, \cMe=CR’ | (Ph,C-N*), NY ‘ht, \CMe=C-CH,-CH,‘OH 
(IV) (VI) 


C-CH,CH,-OH 
CMe 


(VII) 


dibenzy] disulphide, respectively ; no other product could be detected by paper chromato- 
graphy in either case. Repetition of each experiment in an atmosphere of nitrogen yielded 
a non-fluorescent solution, which developed a brilliant thiochrome fluorescence immediately 
air was admitted, when either hot or cold. It is thus clear that the decomposition of these 
mixed disulphides proceeds through an autoxidisable intermediate (dihydrothiochrome ; 
VII), as does thiamine disulphide (Sykes and Todd, loc. cit.; Nesbitt and Sykes, following 
paper). The effect of the presence of a 4-amino-group in the pyrimidine nucleus on the 
stability of thiamine disulphide and similar compounds is thus clear, and there can now be 
no doubt that the initiating step in the ready disproportionation of thiamine disulphide 
is the cyclisation detailed above. 


EXPERIMENTAL 

Disulphide (1; R = OH) from 4-Hydroxythiamine.—4-Hydroxythiamine chloride hydro- 
chloride (Rydon, Biochem. J., 1951, 48, 383) (2 g.) was dissolved in water (20 ml.) and treated 
with 9-2n-sodium hydroxide (1-93 ml., 3 equiv.). 6-45N-Hydrogen peroxide (0-91 ml., 1 mol.) 
was added dropwise and the pH of the solution then brought to 7 by means of N-hydrochloric 
acid. The solution was freeze-dried and the residue extracted with propanol; evaporation 
under reduced pressure and recrystallisation of the residue first from aqueous methanol—acetone 
and then from methanol yielded the di-[2-N-(4-hydroxy-2-methyl-5-pyrimidinyl) methylformamido- 
1-(2-hydroxyethyl)propenyl]| disulphide (0-42 g., 23%) as needles, m. p. 201—202° (Found: C, 
50-7; H, 6-3; N, 14:3. C.gH3,0,N,5,.,CH,°OH requires C, 50-4; H, 6-1; N, 14:1%). 

Disulphide (I; R = NHMe) from N-Methylthiamine.—An aqueous solution of N-methyl- 
thiamine chloride hydrochloride (Nesbitt and Sykes, J., 1954, 3057) (1-032 g., 1 equiv. in 10 ml.) 
was treated with 1-065N-sodium hydroxide (8-3 ml., 3 equiv.), and 1-15N-iodine in potassium 
iodide solution was added dropwise until no longer decolorised (2-4 ml., 94%). The solution 
was freeze-dried and the residue extracted with butanol; evaporation under reduced pressure 
and recrystallisation of the residue from aqueous acetone yielded the bis-5-methylamino-analogue 
(0-33 g., 35%) of the previous product as fine needles, m. p. 155—157° [Found: C, 51-4; H, 
6-6; N, 17-8. CygH3g0,N,S,,H,0,3(CH;),CO requires C, 51:7; H, 6-7; N, 17-6%. Loss on 
drying at 120°/10-4 mm. (some decomp.), 7:3. Required: 7-4%]. 

Heating of the Foregoing Disulphides in isoButanol.—A solution of ‘‘ N-methylthiamine 
disulphide ’’ (I; R = NHMe) (0-265 g.) in dry isobutanol (15 ml.) was refluxed under nitrogen 
for 2 hr.; slight darkening took place. The solvent was removed at room temperature at 
10-* mm. and the residue crystallised from methanol—acetone-ether and then from acetone, 
yielding unchanged disulphide, m. p. and mixed m. p. 155—-157° (60%). Paper chromatography 
of the isobutanol solution with saturated aqueous butanol as solvent failed to reveal any com- 
pound other than the disulphide (ultra-violet light). 

4-Hydroxythiamine disulphide (I; R = OH) gave similar results. 

4-Methyl-3-2’-nitrobenzylthiazolium Bromide.—A solution of 2-nitrobenzyl bromide (10-8 g.) 
and 4-methylthiazole (5 g.) in dry benzene (20 ml.) was refluxed for 6 hr. The crystals which 
separated were filtered off and washed with ether. Recrystallisation from ethanol (charcoal) 
yielded the thiazolium compound (13-5 g., 88%) as colourless plates, m. p. 204° (decomp.) 
(Found: C, 42-1; H, 3-6; N, 9-2. C,,H,,0,N,BrS requires C, 41-9; H, 3-5; N, 8-9%). 

Refluxing an ethanolic solution of the thiazolium bromide with an excess (5 equiv.) of 
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freshly precipitated silver chloride yielded the more stable thiazolium chloride. Recrystallised 
from methanol-ether (yield, quantitative), this had m. p. 198° (decomp.) (Found: C, 48-5; 
H, 3-8; N, 10-4. Calc. for C,,H,,;O,N,SCl: C, 48-8; H, 4:1; N, 10-4%). 

Di-[2-(N-2’-nitrobenzylformamido) propenyl] Disulphide (IV; R = NO,, R’ = H).—4-Methyl- 
3-2’-nitrobenzylthiazolium bromide (1-5 g.) in water (20 ml.) was treated with 10% aqueous 
sodium hydroxide (4 ml., 2 equiv.), and hydrogen peroxide (20-vol.; 1-5 ml., 0-5 equiv.) was 
then added dropwise. The sticky solid that separated was dissolved in benzene, and the 
solution dried (Na,5O,), concentrated and treated with light petroleum (b. p. 60—80°). Colour- 
less plates of the disulphide (0-61 g., 43%), m. p. 53°, separated after several days (Found : 
C, 57-9; H, 4:5; N, 10-0. C,.H,,0,N,S,,C,H, requires C, 57-9; H, 4-8; N, 9-7%). Storage 
for several days at 10 mm., followed by recrystallisation from aqueous acetone, yields the 
unsolvated disulphide, m. p. 115° (Found: C, 52-4; H, 4-4; N, 11-0. C,.H,.O0,N,S, requires 
C, 52-5; H, 4-4; N, 11-2%). 

Similar oxidation of 5-2’-hydroxyethyl-4-methyl-3-2’-nitrobenzylthiazolium chloride (Liver- 
more and Sealock, J. Biol. Chem., 1947, 167, 699) yielded the corresponding analogous 1-2’- 
hydroxyethylpropenyl disulphide, m. p. 110° (decomp.) (Found: C, 52:6; H, 5-3; N, 9:3. 
CygH3,0,N,5, requires C, 52-9; H, 5-1; N ¥ 

Heating of the Disulphide (IV; R = NOg,, R’ = H) in Xylene with Diphenyldiazomethane.— 
A solution of the disulphide (1-04 g.) and diphenyldiazomethane (1-4 g.) in dry xylene (50 ml.) 
was refluxed for 4 hr. Removal of the solvent and fractional crystallisation of the residue 
from aqueous acetone led to almost quantitative recovery of the disulphide and to diphenyl- 
ketazine, m. p. and mixed m. p. 163° (Found: N, 7-4. Calc. for CyogHopN,: N, 7:-7%). <A 
similar result was obtained with di-(2-N-benzylformamidopropenyl]) disulphide (IV; R = R’ : 
H) (Sykes and Todd, J., 1951, 534) and with the disulphide (IV; R = NO,, R’ = CH,°CH,°OH) 
derived from 5-2’-hydroxyethyl-4-methyl-3-2’-nitrobenzylthiazolium chloride. 

Refluxing a 1: 1 mixture of any two of the above disulphides in isobutanol failed to yield a 
mixed disulphide : on paper chromatography, only the two initial compounds were detected 
(disulphides being detected by use of sodium cyanide-nitroprusside). 

“Thiamine Phenyl Disulphide’’ (VI; R= NH,, R’ = PhS).—Thiamine chloride hydro- 
chloride (3-37 g.) in water (15 ml.) was treated with nN-sodium hydroxide (30 ml., 3 equiv.), 
and the solution immediately freeze-dried. The residue was extracted with boiling dry ethanol, 
and the ethanolic solution then concentrated under reduced pressure (N, leak). The residue 
was dissolved in the minimum volume of boiling, dry ethanol. A small quantity of insoluble 
material was filtered off (1:13 g.; 2 equiv. of NaCl = 1-17 g.). The ethanolic solution was 
evaporated to dryness (N, leak) and the residual solid dissolved in water (150 ml.). Aqueous 
silver nitrate (1-7 g. in 70 ml.) was then added dropwise to the stirred solution. The pale yellow 
flocculent precipitate was filtered off, washed with water, and dried (KOH) for several days in 
vacuo. (The silver salt is stable in light, unless it contains silver chloride, whereupon it decom- 
poses rapidly.) The dry silver salt (finely powdered) was suspended in stirred, dry dioxan 
(200 ml.), and phenylsulphenyl chloride (1-5 g.) in dioxan (50 ml.) was added dropwise. After 
3 hr. the solution was filtered and evaporated, the residue dissolved in water, and the solution 
brought to pH 4 with n-hydrochloric acid. The solution was freeze-dried and the residue 
recrystallised from ethanol-ether, yielding 2-N-(4-amino-2-methyl-5-pyrimidinyl)methylform- 
amido-1-(2-hydvroxyethyl)propenyl phenyl disulphide hydrochloride (1-44 g., 34%) as colourless 
prisms, m. p. 183° (Found: C, 50-5; H, 5-5; N, 12-9. C,,H,,0,N,S,Cl requires C, 50-6; 
H, 5-4; N, 13-1%). 

Treatment of an aqueous solution of the hydrochloride with the calculated volume of 
n-sodium hydroxide, followed by freeze-drying, extraction of the residue with ethanol, and 
dilution with ether yielded the free disulphide as colourless needles, m. p. 141° (Found : C, 55:5; 
H, 5:5; N, 14:0. C,,H,,0,N,S, requires C, 55:4; H, 5:6; N, 14:3%). 

Heating of ‘‘ Thiamine Phenyl Disulphide’’ in isoButanol.—A solution of the disulphide 
(1 g.) in isobutanol (150 ml.) was refluxed for 2 hr.; a pale blue fluorescence slowly developed. 
The solution was evaporated, adjusted to pH 4 with n-hydrochloric acid, and subjected to 
continuous ether-extraction. Evaporation of the dried (Na,SO,) ethereallayer yielded diphenyl 
disulphide (0-27 g., 96%), m. p. and mixed m. p. 61°. The aqueous residue was brought to 
pH 8 with sodium hydrogen carbonate and continuously extracted with chloroform. Con- 
centration of the dried (Na,SO,) extract yielded thiochrome (II) (0-44 g., 65%), m. p. and mixed 
m. p. 228° (decomp.). Dilution of the original isobutanol solution, followed by fluorimetric 
assay, indicated thiochrome in almost quantitative yield. Paper chromatography of the 
original isobutanol solution (saturated aqueous butanol as solvent) yielded only the blue 
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fluorescent spot of thiochrome, no other ultra-violet-absorbing component (e.g., pyrimidine) 
being detected. Repetition of the experiment under nitrogen (in solvent boiled out under 
nitrogen) yielded a non-fluorescent solution that became brilliantly fluorescent as soon as air 
was admitted to the apparatus (cf. Sykes and Todd, Joc. cit.). 

Heating of ‘‘ thiamine benzyl disulphide”’ (VI; R = NH,, R’ = PhCH, ’S), m. p. 156 
(decomp.) [prepared by treating the sodium salt of thiamine (VII; R = NH,) with sodium 
toluene-w-thiolsulphonate (cf. Matsukawa et al., J. Pharm. Soc. Japan, 1953, 78, 497)] in iso- 
butanol led to dibenzyl disulphide (97%) and thiochrome (70%; almost quantitative yield by 
fluorimetric estimation). Paper chromatography (saturated aqueous butanol as solvent) 
again failed to reveal any pyrimidine component other than thiochrome. 


In respect of work reported in this and the following paper, one of us (P. N.) is indebted to 
the Department of Scientific and Industrial Research for a maintenance grant, We also 
gratefully acknowledge gifts of material from Roche Products Ltd. and thank the Central 
Research Laboratory, Spillers Ltd., for the thiochrome determinations, 
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The Oxidation of Thiamine and its Analogues with Potassium 
Ferricyanide. 
By P. Nessitr and P. SyKEs. 
[Reprint Order No. 5616.] 


Study of the oxidation of thiamine and its analogues with potassium ferri- 
cyanide confirms its free-radical mechanism, by way of dihydrothiochrome 
(cf. Sykes and Todd, J., 1951, 534). 


SYKES and Topp (J., 1951, 534) suggested that oxidation of thiamine chloride hydro- 
chloride (I; R = NH,) with potassium ferricyanide to thiochrome proceeded through the 
autoxidisable intermediate, dihydrothiochrome. The initiating reaction was considered 
to be the one-electron change from the sodium salt of the ‘‘ open chain ”’ form (II; R = NH,) 
to the free thiol radical (III; R = NH,), which then gave the cyclic radical (IV). 

Confirmation for the one-electron oxidation step was sought by investigating the action 
of potassium ferricyanide on thiamine analogues such as 4-hydroxythiamine (1; R = OH) 
and N-methylthiamine (I; R = NHMe) (Nesbitt and Sykes, /., 1954, 3057). It was 
found that both these compounds were converted into the corresponding disulphides (V ; 
R = OH and NHMe, respectively). 


I- ,CH-S_ HCl CHO S- Nat HO §S 
Onl | ri ie 
Ni | > a x N 
54. I ord be al = be Nees =e 
CH, ‘CMe:C-CH,°CH,-OH CH, ~“CMe—C:CH,’CH,OH CH, ‘CMe==C-CH,-CH,OH 
(I) (II) (111) 

pie S EHS 

Me/*\* SCH C-CH,CH,OH Ph-CH,*N 


(IV) [ : 1 
Ny AN CMe Cl- ‘CMe?CH 


A 


Xx 


wa 4 - S- N 
| | - Me“ NR 
x UN x Me R 


Nv F 


CH, ‘“CMe==C-CH,-CH,-OH |, 
(V) 

Oxidation of the salts (II; R = OH and NHMe, respectively) obtained by the action 
of alkali on the thiazolium compounds (I) would yield the free thiol radicals (III), as with 
thiamine itself; but since no cyclisation, as in the formation of (IV), is possible, the free 
radicals should yield the disulphides (V); this is, in fact, observed. It has now been 
found that thiamine (I; R = NH,), itself, with potassium ferricyanide gives analogously a 
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small amount of the disulphide (V; R = NH,) alongside the known major product, 
thiochrome; the amount of disulphide obtained is more than that produced when a similar 
alkaline solution of thiamine, containing no ferricyanide, is kept in the air for the same 
length of time. 

The normal oxidation of thiamine to the disulphide (V; R = NH,) by air (very slow), 
iodine, hydrogen peroxide, etc., is a two-electron process which is initiated by the conversion 
of RS~ (Il; R = NH,) into RS*, followed by its reaction with more RS~ to form RS*SR. 
The ease with which thiazolium compounds (I) undergo this oxidation is in the order 
R = NH, > OH > NHMe. In the last case, however, part of the explanation probably 
lies in the fact that ring fission by alkali to form the salt (II; R = NHMe) is slow, whereas 
in the other two cases it is virtually instantaneous. 

The oxidation of simple benzylthiazolium analogues (e.g., VI) with ferricyanide follows 
the same course as with two-electron oxidising agents, the disulphides (VII; R’ = R” = 
H; R=NO,; R’ =H; and R = NO,, R’ = CH,°CH,°OH) being formed, there being 
no reaction other than dimerisation open to the intermediate free thiol radicals. The 
action of potassium ferricyanide on (VI) leads to the precipitation of a crystalline thiazolium 
ferricyanide complex, R,Fe(CN),, which is decomposed by alkali to yield the disulphide 
(VII; R=R’=H). N-Methylthiamine (I; R = NHMe) gives a similar but very much 
more stable complex. 

Confirmation was also sought for formation of the autoxidisable intermediate, dihydro- 
thiochrome, in the ferricyanide oxidation of thiamine. Assays on a standard solution of 
thiamine (1-75 yg./ml.) were carried out by the usual thiochrome method and, as expected, 
quantitative results were obtained if two equivalents of ferricyanide were used. If only 
one equivalent was used, quantitative results were still obtained (although two equivalents 
are stoicheiometrically required for the conversion of thiamine into thiochrome) provided 
that free access of air was allowed; if air was excluded, however, the assay dropped to 
approximately 50%. The formation of an autoxidisable intermediate is thus confirmed. 


EXPERIMENTAL 


Fervicyanide Oxidation of 4-Methyl-3-2’-nitrobenzylthiazolium Chloride.—An aqueous solution 
of the thiazolium chloride (1-35 g.) was made alkaline with N-sodium hydroxide (10 ml., 2 equiv.), 
and 5% aqueous potassium ferricyanide (33 ml., 1 equiv.) was added dropwise. A sticky solid 
separated, which crystallised; it had m. p. 115° alone or mixed with di-[2-(N-2’-nitrobenzyl- 
formamido)prop-1-enyl] disulphide (yield, 71%) (cf. preceding paper). 

Similar oxidation of 5-2’-hydroxyethyl-4-methyl-3-2’-nitrobenzylthiazolium chloride (Liver- 
more and Sealock, J. Biol. Chem., 1947, 167, 699) yielded the corresponding disulphide, m. p. 
110° (decomp.). Oxidation of 3-benzyl-4-methylthiazolium chloride also yields the disulphide, 
but, if ferricyanide without alkali is added, a crystalline complex separates as colourless plates, 
m. p. 56° [Found: C, 51-0; H, 5-5; N, 13-6. (C,,H,,NS),Fe(CN),,8H,O requires C, 50-6; 
H, 5-6; N, 13-6%]. Addition of alkali causes this to redissolve, with precipitation of the 
disulphide, m. p. 98° (Sykes and Todd, J., 1951, 534). 

Ferrvicyanide Oxidation of N-Methylthiamine.—Sodium hydroxide solution (10%; 10 ml.) 
followed by N-potassium ferricyanide solution (15 ml.), was added to aqueous N-methylthiamine 
chloride hydrochloride (Nesbitt and Sykes, J., 1954, 3057) (0-99 g.in 10 ml.)._ The solution was 
extracted with butanol (25 ml.) after 5 min. and subsequently at 10-min. intervals for 2 hr. 
Evaporation of the extracts followed by recrystallisation from methanol—acetone yielded N- 
methylthiamine disulphide (loc. cit.), m. p. and mixed m. p. 156° (0-21 g., 25%). The aqueous: 
solution was acidified with 10% hydrochloric acid and freeze-dried, the residue was extracted 
with boiling dry methanol, and the solution filtered to remove sodium chloride. The methanol 
extract was evaporated, and the resultant residue dissolved in water, brought to pH 5 (Na,CO,),. 
and again freeze-dried. Extraction of the residue with butanol, followed by recrystallisatiom 
from methanol-ether yielded N-methylthiamine chloride hydrochloride (0-4 g., 40%). Paper 
chromatography of the alkaline oxidation solution with saturated aqueous butanol as solvent 
showed initially only one spot (on the starting line; ferricyanide complex) which absorbed 
ultra-violet light. 

Ferricyanide Oxidation of 4-Hydroxythiamine.—Similar oxidation of 4-hydroxythiamine 
chloride hydrochloride with ferricyanide (2-2 equiv.) in alkali (3 equivs.) yielded the disulphide 
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(loc. cit.) rapidly (extraction after 15 min.) and in high yield (>75%). Paper chromatography 
of the oxidation solution after 1 hr., with saturated aqueous butanol as solvent and examination 
in ultra-violet light, disclosed the disulphide (V; R = OH) (Ry, 0-22) as sole absorbent spot 
(except for the ferrocyanide—ferricyanide spot at the base line). Addition of hydrochloric acid 
(3 equivs.) before chromatography led to the disulphide hydrochloride (R, 0-18) as sole moving 
absorbent spot. A similar experiment but with the ferricyanide omitted gave the sodium salt 
(II; R = OH) (R, 0-14) of the thiol as sole absorbent spot, or after addition of hydrochloric 
acid gave only hydroxythiamine chloride hydrochloride (I; R= OH) (R, 0-07). Control 
experiments confirmed the R, quoted. 

Fervricyanide Oxidation of Thiamine.—Oxidation of thiamine with subsequent chromato- 
graphy, the whole procedure being as in the previous experiments, gave absorbent spots for 
ferrocyanide-ferricyanide (at base line), the sodium salt of the thiol (R, 0-14), thiochrome 
(R, 0-37), and the disulphide (V; R = NH,) (R, 0-48). After addition of hydrochloric acid 
the spots for the bases were replaced by those for the disulphide hydrochloride (R, 0-22) and 
thiochrome hydrochloride (R, 0-28). If the ferricyanide was omitted from the experiments, 
spots were obtained for the thiol sodium salt and disulphide, or, after addition of acid, for the 
disulphide hydrochloride and thiamine chloride hydrochloride (R, 0-085). Control experiments 
confirmed the R, quoted. 

Elution of the thiochrome spot in the original experiment with isobutanol, followed by 
dilution and fluorimetric estimation of the solution, indicated ca. 90% yield of thiochrome. 

Oxidations of thiamine solutions (1-75 yg./ml.), and subsequent fluorimetric estimations of 
the thiochrome produced, were carried out, all in 5 replicates with varying amounts of ferri- 
cyanide. The apparent thiamine contents of the resultant solutions (ug./ml.) derived from 
the amounts of thiochrome produced were as follows for the amounts of ferricyanide stated : 
excess, 1:74—1-76; 2 equiv., 1-74—1-77; 1 equiv. (air excluded), 0-89—0-94; 1 equiv. (free 
access of air), 1-74—1-77. 
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The Chemistry of Extractives from Hardwoods. Part XIX.* The 
Structures of Further New Flavones occurring in Ayan (Distemonanthus 
benthamianus). 


By F. E. Kine, T. J. Kine, and P. J. Stokes. 
[Reprint Order No. 5713.] 


The heartwood of Distemonanthus benthamianus, from which ayanin 
(5 : 3’-dihydroxy-3 : 7 : 4’-trimethoxyflavone) was recently isolated (Part V, 
J., 1952, 92), also contains 5: 3’: 5’-trihydroxy-3 : 7 : 4’-trimethoxyflavone 
(oxyayanin-A). Its relation to ayanin was established by synthesis of 
trimethyloxyayanin-A, the orientation of the unmethylated substituents 
in the new colouring matter being deduced from the nature of the alkali- 
hydrolysis products of its triethyl ether. 

An isomeric flavone (oxyayanin-B) obtained from one specimen of the 
wood has been identified by alkali degradation of its triethyl derivative as 
5: 6: 3’-trihydroxy-3 : 7: 4’-trimethoxyflavone (3:7: 4’-trimethylquercet- 
agetin). 


A PRELIMINARY examination of the deep yellow extracts from ayan, the wood of a W. 
African tree Distemonanthus benthamianus, has shown that they contain 5 : 3’-dihydroxy- 
3:7: 4’-trimethoxyflavone, ayanin (I), a new trimethyl ether of quercetin (Part V, 
J., 1952, 92). Renewed investigation of the material obtained from several batches of 
the wood by extraction with ether and then with acetone has resulted in the complete 
identification of three further constituents. The less soluble part of the two extracts 
corresponding to the fraction formerly described as (A) (J., 1952, 94) consists of distemon- 
anthin, a new type of flavone pigment which is the subject of the following communication. 


* Part XVIII, J., 1954, 3995. 
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The remaining two compounds are isomers of molecular formula C,gH,,O,, and since they 
bear a close resemblance to ayanin, differing from it merely in the location of an additional 
hydroxyl group, they were respectively termed oxyayanin-A and oxyayanin-B. 
Oxyayanin-A (II; R = H) is present in the more soluble portion of the ether extract ; 
the quantity isolated varied with the wood sample from 0-08 to 0-15%. It is found mixed 
with ayanin (yield of mixture 0-19—0-35%) from which it cannot readily be separated by 
crystallisation, and the impure compound was used in some of the initial experiments. 
Later it was observed that incomplete neutralisation of an aqueous sodium hydroxide 
solution of the mixed phenols caused preferential precipitation of ayanin. Alternatively, 
refluxing the mixture with 20% aqueous potassium hydroxide favoured the disintegration 
of ayanin, and pure oxyayanin-A was recovered from the product by recrystallisation. 
Oxyayanin-A contains three methoxy] groups (Zeisel) and yields a triacetate ; indications 
of its flavonoid character were obtained by the usual colour reactions. A chelated hydroxy] 
group (position 5) was disclosed by the formation with diazomethane of a dimethyl ether 
(111; R = Me) exhibiting a pronounced ferric reaction, and of a trimethyl ether (II; 
R = Me) by prolonged treatment with methyl sulphate and potassium carbonate. The 
action of boiling alcoholic potassium hydroxide on oxyayanin-A trimethyl ether accom- 
plished its hydrolysis into 2-hydroxy-w : 4: 6-trimethoxyacetophenone (IV; R = Me) 
and asarylic acid (2:4: 5-trimethoxybenzoic acid) (V; R = Me); a small quantity of 
asarylic acid was also obtained by oxidation of the trimethyl ether with potassium per- 
manganate. Thus the constitution of oxyayanin-A trimethyl ether is established as 
3:5:7:2':4': 5’-hexamethoxyflavone (II; R = Me) and that of oxyayanin-A as the 
trimethyl ether of a new hexahydroxyflavone. The structure of the ether (II; R = Me) 
was confirmed by its synthesis using the Allan—Robinson method, from o-methoxyphlor 
acetophenone and asarylic anhydride-sodium asarylate; a previous attempt by Watson 
(J., 1914, 105, 338; see also Perkin and Watson, ib1d., 1915, 107, 198) to prepare it from 
pentamethylquercetin, via the 6’-nitro-derivative, was unsuccessful. The condensation 
product, which after alkali treatment consisted of (III; R =H), afforded either 
oxyayanin-A dimethyl ether (III; R = Me) or the trimethyl ether (II; R = Me) when 
methylated with methyl sulphate-potassium carbonate under the appropriate conditions. 
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The disposition of the hydroxyl groups in oxyananin-A was determined in the usual 
way, 1.¢e., by ethylation followed by hydrolysis with alcoholic alkali. Both degradation 
products were new, but from the evidence already acquired were known to be derivatives 
of w-hydroxyphloracetophenone and of 2:4: 5-trihydroxybenzoic acid respectively. 
The presence in the parent compound of a 5-hydroxyl group thus enables the ketonic 
compound to be defined as 2-ethoxy-6-hydroxy-w : 4-dimethoxyacetophenone (IV; 
R = Et). The accompanying product, a diethoxymethoxybenzoic acid, was identified 
by synthesis as (V; R = Et), the presence in ayanin of a methoxyl group at the 4’-position 
determining the choice of this as the most likely of the three possible stuctures. The 
preparation of the ether (V; R = Et) began with alkylation of methoxyquinol, by ethyl 
sulphate and potassium carbonate in acetone, to 2: 5-diethoxyanisole which was con- 
verted by a Friedel-Crafts reaction into 2 : 5-diethoxy-4-methoxyacetophenone (VI). 
The desired acid (V; R = Et) was thereafter obtained by oxidation, first with potassium 
permanganate and then with alkaline hydrogen peroxide, identity of the specimens of 
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natural and synthetic origin being confirmed by means also of their methyl and p-bromo- 
phenacyl esters. The constitution of oxyayanin-A as 5: 2’: 5’-trihydroxy-3 : 7 : 4’-tri- 
methoxyflavone (6’-hydroxyayanin) (II; R = H) is thus rigidly established. 

Of the six batches of ayan used in this investigation, one was remarkable for the large 
amount (>6%%) of its ether extract and for its failure to yield distemonanthin. From a 
methanol solution of his extract, after the mixture of ayanin and oxyayanin-A had been 
removed, the isomeric oxyayanin-B (yield 0-67°%% of the wood) gradually separated. Its 
recognition as a position isomer of oxyayanin-A followed from a determination of the 
methoxyl content and from the preparation of derivatives, e.g., a triacetate. Certain 
colour reactions were suggestive of a possible relation to quercetagetin (3: 5:6:7:3':4’- 
hexahydroxyflavone), and this was substantiated when the complete methylation of 
oxyayanin-B (with methyl sulphate—potassium carbonate) afforded quercetagetin hexa- 
methyl ether (VII; R = Me). By the action of diazomethane, on the other hand, the 
pentamethyl ether (VIII; R = Me) of quercetagetin was obtained, thereby showing that 
the 5-substituent of oxyayanin-B was unmethylated. The chloro-pentamminocobaltic 
chloride test for ortho- or para-dihydroxy-groups (Sashina, Asano, and Ueno, Bull. Chem. 
Soc. Japan, 1942, 17, 104) was positive for oxyayanin-B, denoting the existence of phenolic 
groups at the 5: 6-, 6: 7- (hence 5:6: 7-), or 3’: 4’-positions. From the absence of the 
3100-A absorption band characteristic of the flavanol-hydroxyl group the substituent at 
position 3 was assumed to be methylated (Skarzynski, Biochem. Z., 1939, 301, 150). 

The action of ethyl sulphate—potassium carbonate on oxyayanin-B yielded a mixture 
of di- and tri-ethyl ethers, and the situation of the remaining methoxyl groups was dis- 
closed by the appearance of 3-ethoxy-4-methoxybenzoic acid (IX) among the alcoholic- 
alkali degradation products of both ethyl derivatives. From these results it was possible 
to assign a complete structure, namely, (VII; R =H), to oxyayanin-B; consequently 
its di- and tri-ethyl ethers are respectively (VIII; R = Et) and (VII; R= Et). The 
ketonic product obtained with the acid (1X), from the decomposition of oxyayanin-B 
triethyl ether, had not previously been described, but with the acceptance of (VII; R = H) 
as the constitution of the parent flavone it becomes identifiable as 2 : 3-diethoxy-6-hydroxy- 


w : 4-dimethoxyacetophenone (X). 


(VII) Oxyayanin-B (R = H) 


ns Meo? \OH MeO’ OH 
Ho,cCZ SoMe Eto. !'CO-CH,-OMe ROL !\CO-CHyOMe 
\=/ M4 » 
OEt EtO MeO 
(IX) (X) (Xi) 
Oxyayanin-B diethyl ether (VIII; R = Et) yields a monomethy] ether hydrolysed with 
boiling alcoholic alkali to the acid (IX) and a new ketone which is presumably (XI; R = 
Et). The latter stucture was proved by preparation of the ketone from 2 : 5-dihydroxy- 
« : 4: 6-trimethoxyacetophenone (XI; R = H) (Row and Seshadri, Proc. Indian Acad. 
Sci., 1946, 28, A, 23), the monoethy] derivative obtained from the latter by using a limited 
amount of ethyl iodide-potassium carbonate being identical with the degradation product 
designated (XI; R=Et). The structures of the flavone mixed ethers are thus 
substantiated and oxyayanin-B fully identified as the 6-hydroxy-derivative of ayanin. 


EXPERIMENTAL 
Light petroleum used had b. p. 60—80°. 
Isolation of the Extractable Contituents of Ayan.—In view of the small quantity of material 


obtained by means of light petroleum (see J., 1952, 94), this preliminary treatment was omitted 
and the finely ground wood was extracted in batches of 3-8 kg. with boiling ether for 18 hr. 
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The yellow solid (55—101 g.) which had then separated was collected and heated under reflux 
with methanol (400—800 c.c.); the solid remaining undissolved was identical with the sub- 
stance described in Part V (J., 1952, 94) as (A) and consisted of crude distemonanthin (4-9— 
6-9 g., 0-13—0-18%). The methanol solution was concentrated to 50% of its original volume 
and set aside at room temperature for 2 weeks. The crystalline deposit (0-19—0-35%) consisted 
of a mixture (M) of ayanin and oxyayanin-A which after repeated crystallisation formed deep 
yellow prisms, m. p. 215—217° (Found, in a sample dried at 100° in vacuo: C, 61-2; H, 4-7; 
OMe, 24-8%). 

The ether-exhausted wood was then extracted with boiling acetone for 18 hr. and a yellowish- 
brown friable solid (212—255 g.) isolated by evaporating the acetone solution. When this 
was dissolved in 1: 1 (v/v) pyridine—methanol (2 c.c./g.) and kept at 0°, the crystalline material 
slowly deposited during 7 weeks consisted of distemonanthin (0-41—0-52%). 

The mixture M, with acetic anhydride—pyridine, yielded, after several crystallisations from 
ethyl acetate—light petroleum, ayanin diacetate as plates (J., 1952, 94), m. p. and mixed m. p. 
176—177° (Found, in a sample dried at 110° im vacuo: C, 61-9; H, 4:8; OMe, 22-1; OAc, 
20-7. Calc. for CygHyO,: C, 61-7; H, 4-7; OMe, 21-7; OAc, 20-1%). Methylation, on the 
other hand, with methyl sulphate—potassium carbonate in acetone for 18 hr., and repeated 
crystallisation of the product from methanol gave 3: 5:7: 2’: 4’: 5’-hexamethoxyflavone (tri- 
O-methyloxyayanin-A) (II; R= Me), m. p. 195—196°, after slight sintering at 186° [Found, 
in a sample dried at 110° in vacuo: C, 62-5; H, 5-5; OMe, 45-3% ; M (Rast) 409. C,;H,O,(OMe), 
requires C, 62:7; H, 5-5; OMe, 46-3%), M, 402]. 

Ayanin (1) and Oxyayanin-A (II; R = H).—(i) The mixture M (0-4 g.) was dissolved in 
2n-sodium hydroxide and incompletely precipitated by a limited quantity of carbon dioxide. 
Repeated crystallisation of the product from methanol gave ayanin (0-1 g.) as yellow plates 
m. p. and mixed m. p. 172—173°. Saturation with carbon dioxide thereafter gave only a limited 
amount of difficulty crystallisable material. 

(ii) A solution of M (4 g.) in 20% aqueous potassium hydroxide (50 c.c.) was heated under 
reflux for 4 hr., then diluted with water (100 c.c.) and saturated with carbon dioxide. Re- 
peated crystallisation of the precipitated solid from acetic acid afforded 5: 2’: 5’-trihydroxy- 
3: 7: 4’-trimethoxyflavone (oxyayanin-A) as yellow needles (1-1 g.), m. p. 229—230° [Found, in a 
sample dried at 110° in vacuo: C, 60-3; H, 4:5; OMe, 23-9. C,;H,O;(OMe), requires C, 60-0; 
H, 4:5; OMe, 25-8%]; light absorption in EtOH: max. at 2580 (log e 4-06), 3020 (log ¢ 3-74), 
and 3490 A (log ¢ 3-49). 

Oxyayanin-A dissolves in aqueous sodium hydroxide and carbonate, but not in sodium 
hydrogen carbonate, to orange solutions, and forms a bright yellow solution in concentrated 
hydrochloric acid. Its ferric reaction is brownish-green. With magnesium and hydrochloric 
acid, or with sodium amalgam followed by acid, its alcoholic solution was coloured red. Warm- 
ing with alkali gave a dark brown solution restored to orange-yellow by the addition of zinc 
dust. 

With pyridine—acetic anhydride oxyayanin-A formed 5: 2’ : 5’-triacetoxy-3 : 7 : 4’-trimethoxy- 
flavone which crystallised from methanol in colourless prisms, m. p. 183—184° (Found, in a 
sample dried at 110° in vacuo: C, 59-2; H, 4:4; OMe, 18-7; OAc, 26-5. C,.H,.0,, requires 
C, 59-3; H, 4:6; OMe, 19-1; OAc, 26-6%). 

5-Hydroxy-3 : 7: 2’: 4’: 5’-pentamethoxyflavone (III; R = Me).—A solution of oxyayanin-A 
(0-15 g.) in methanol (30 c.c.) mixed with excess of ethereal diazomethane was kept at 0° for 
2 days. Evaporation and crystallisation of the residue from methanol gave a small amount 
of tri-O-methyloxyayanin-A, m. p. and mixed m. p. 193—194°. The combined methanol 
filtrates were evaporated to ca. 2 c.c. and mixed with ether (50 c.c.), the solution then being 
extracted with 2N-sodium hydroxide (3 x 25 c.c.). 5-Hydvoxy-3:'7: 2’: 4’ : 5’-pentamethoxy- 
flavone was obtained from the aqueous solutions by acidification and extraction with ether; 
it separated from methanol in pale yellow elongated prisms, m. p. 149—150° [Found, in a sample 
dried at 100° in vacuo: C, 61-6; H, 4:8; OMe, 41:0. C,,;H,;0,(OMe),; requires C, 61-9; H, 
5-2; OMe, 40-0%]. An alcoholic solution became brownish-green with ferric chloride. 

Alkali Degradation of Trimethyloxyayanin-A.—The incompletely purified hexamethoxy- 
flavone (II; R = Me) (2 g.) was heated under reflux for 8 hr. with potassium hydroxide (10 g.) 
in water (10 c.c.) and ethanol (40 c.c.). The crystalline solid deposited from the cold mixture 
was collected and dissolved in water (10 c.c.), and its solution saturated with carbon dioxide. 
The colourless precipitate (0-64 g.), when crystallised from alcohol, afforded 2-hydroxy-w : 4 : 6- 
trimethoxyacetophenone (IV; R = Me) in prisms, m. p. 103—104° alone or mixed with a sample 
prepared by Row and Seshadri’s method (loc. cit.) [Found: C, 58-3; H, 6-5; OMe, 40-2%; 
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M (Rast), 218. Calc. for C,H,O,(OMe),: C, 58-4; H, 6-2; OMe, 41-2%; M, 226]. The 
ferric reaction in alcohol was wine-red. The ketoxime crystallised in needles, m. p. and mixed 
m. p. 147—148-5° (decomp.) (Found : C, 55-1; H, 6-6; N, 5-9. Calc. for C,,H,,0;N : C, 54-8; 
H, 6-3; N, 58%). 

The residual hydrogen carbonate solution was washed with ether and acidified, and thereby 
afforded a colourless solid (0-27 g.). Crystallised from benzene—light petroleum it afforded 
asarylic acid (V; R = Me) as needles, m. p. and mixed m. p. 143—144° [Found, in a sample 
dried at 100° in vacuo: C, 56-6; H, 5-8; OMe, 435%; equiv., 217. Calc. for C;H,O,(OMe), : 
C, 56-6; H, 5:7; OMe, 43-99%; equiv., 212]. A solution of the acid in methanol with ethereal 
diazomethane yielded the methy] ester, crystallising from methanol in blades, m. p. and mixed 
m. p. 92—94° (Found: C, 58-7; H, 5-8. Calc. for C,,H,,0;: C, 58-4; H, 6-2%). 

The alcoholic alkaline filtrate from the degradation was evaporated, the residue was dis- 
solved in water, and the mixed products were partitioned as above with ether-sodium hydrogen 
carbonate. The phenolic component consisted of a small amount of 2-hydroxy-w : 4: 6- 
trimethoxyacetophenone, prisms (from alcohol), m. p. and mixed m. p. 101—102-5°, and the 
hydrogen carbonate-soluble portion was veratric acid, m. p., after crystallisation from benzene— 
light petroleum, and mixed m. p. 179—180°. 

Oxidation of Trimethyloxyayanin-A.—The hexamethoxyflavone (II; R= Me) (0-5 g.) 
and powdered potassium permanganate (2 g.) were heated in refluxing acetone (100 c.c.) for 
8 hr. The solvent was then largely evaporated, water (50 c.c.) was added, and the mixture 
saturated with sulphur dioxide. The solution was extracted with ether (3 x 50 c.c.) and the 
products therein were separated by shaking with aqueous sodium hydrogen carbonate. The 
acidic portion, isolated from the carbonate solution by acidification and ether-extraction, was 
esterified in methanol with diazomethane. The product, a pale yellow oil, b. p. 140—150° 
(bath-temp.)/1 mm., crystallised from light petroleum in blades, m. p. 90—92° alone or mixed 
with methyl asarylate. The non-acidic material then obtained from the carbonate-washed 
ether extract consisted only of unoxidised hexamethoxyflavone (II; R = Me). 

Asarylic Anhydride.—Asarylic acid was prepared in improved yield (4:95 g., 49%) by the 
oxidation of 2: 4: 5-trimethoxyacetophenone (10 g.) with potassium permanganate (22-5 g., 
3 mols.) in water (120 c.c.), and then with hydrogen peroxide, without isolation of the inter- 
mediate glyoxylic acid (cf. Smith and Haller, J. Amer. Chem. Soc., 1934, 56, 238), the product 
crystallising from the acidified mixture after cooling. The acid chloride (Haraszti, Chem. Abstr., 
1931, 25, 5154) from 13-4 g. acid was suspended in ether (100 c.c.) and gradually treated with 
pyridine (20 g.) ; several hours later the mixture was treated with ice and water, and the sparingly- 
soluble anhydride collected, washed, and dried over phosphoric oxide, having m. p. without 
crystallisation 140—142° (yield 8-5 g., 66%) [Found: C, 59-4; H, 5:2; OMe, 47-2. Calc. 
for C,,H,O,(OMe),: C, 59-1; H, 5-5; OMe, 45-8%]. 

5: 7-Dihydroxy-3 : 2’ : 4’ : 5’-tetramethoxyflavone (III; R = H).—A mixture of w-methoxy- 
phloracetophenone (1-1 g., 1 mol.), asarylic anhydride (4-5 g., 2-3 mols.), and potassium asarylate 
(1-8 g., 1-5 mols.) was heated at 180°/13 mm. for 4 hr. The product was refluxed for 30 min. 
with potassium hydroxide (2-5 g.) in water (3 c.c.) and alcohol (30c.c.)._ The deposit of potassium 
asarylate was removed from the cold liquid, and the filtrate and alcohol washings were evapor- 
ated, the residue being dissolved in water and saturated with carbon dioxide. 5: 7-Dihydroxy- 
3: 2’: 4’: 5’-tetramethoxyflavone (1-9 g., 91%) was thus liberated, and by repeated crystallisation 
from pyridine—methanol was obtained as pale yellow plates, m. p. 264—265° [Found, in a sample 
dried at 110° in vacuo: C, 60-6; H, 4:8; OMe, 33-3. C,;HgO,(OMe), requires C, 61-0; H, 
4-9; OMe, 33-2%]. 

5-Hydroxy-3 : 7: 2’: 4’: 5’-pentamethoxyflavone (III; R = Me).—Treatment of the flavone 
(III; R = H) (0-5 g., 1 mol.) with methyl] sulphate (0-185 g., 1-1 mols.) and potassium carbonate 
(1 g.) in acetone (50 c.c.) under reflux for 4 hr. gave as the acetone-soluble product, 5-hydroxy- 
3:7: 2’: 4’: 5’-pentamethoxyflavone which crystallised from methanol in pale yellow elongated 
prisms, m. p. 149—150° [Found, in a sample dried at 100° in vacuo: C, 61-9; H, 5-1; OMe, 
40-9. C,;H;O,(OMe), requires C, 61-9; H, 5-2; OMe, 40:0%]. Its solution in alcohol was 
coloured brownish-green with ferric chloride. 

3:5:7:2': 4’: 5'-Hexamethoxyflavone (Trvi-O-methyloxyayanin-A) (II; R = Me).—5: 7-Di- 
hydroxy-3 : 2’: 4’: 5’-tetramethoxyflavone (2 g., 1 mol.) was heated under reflux for 16 hr. 
with methyl sulphate (1-6 g., 2-4 mols.) and potassium carbonate (5 g.) in acetone (100 c.c.). 
From the filtered solution the hexamethoxy-flavone (II; R = Me) was obtained as prisms which 
crystallised from methanol and had m. p. 195—196° (slight sintering at 186°) alone or mixed 
with tri-O-methyloxyayanin-A [Found: C, 60-8; H, 5-6; OMe, 43-9; loss at 140° in vacuo, 
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6-9. C,;H,O,(OMe),,MeOH requires C, 60-8; H, 6-0; OMe, 42-9; loss, 7:-4%. Found, in 
the dried sample: C, 62-9; H, 5-4; OMe, 44-9%]. 

Triethyloxyayanin-A (II; R = Et).—The acetone-soluble product obtained by refluxing 
oxyayanin-A (1 g., 1 mol.), ethyl sulphate (1-7 g., 4 mols.), and potassium carbonate (5 g.) in 
acetone (100 c.c.) for 48 hr. consisted of tri-O-ethyloxyayanin-A (0-9 g.) which crystallised from 
benzene-light petroleum in prisms, m. p. 78—79° (Found, in a sample dried at 80° im vacuo : 
C, 65-0; H, 6-5. C,,H,,0, requires C, 64-9; H, 6-4%). 

Alkali Degradation of Triethyloxyayanin-A.—By refluxing the triethyl derivative (II; 
R Et) (0-75 g.) for 8 hr. with alcohol (20 c.c.) containing potassium hydroxide (4 g.) a solid 
was obtained as in the corresponding experiment with the trimethyl ether. The portion 
precipitated from its aqueous solution with carbon dioxide consisted of 2-ethoxy-6-hydroxy- 
w : 4-dimethoxyacetophenone (IV; R = Et) (0-23 g.) which crystallised from light petroleum 
in long rectangular plates, m. p. 109—110°, exhibiting in alcohol a red-brown ferric reaction 
(Found: C, 60-0; H, 6-5. C,.H,,O,; requires C, 60-0; H, 6-7%). The product remaining 
in the hydrogen carbonate solution was 2: 5-diethoxy-4-methoxybenzoic acid (V; R= Et); it 
formed glistening hexagonal plates, m. p. 155—156°, from ethanol (Found, in a sample dried at 
100° in vacuo: C, 60-1; H, 7-0. C,,H,,0; requires C, 60-0; H, 6-7%). A methanolic solution 
of the acid with diazomethane afforded the methyl ester, plates (from light petroleum), m. p. 
93—95° (Found: C, 61-4; H, 7-4. C,,H,,O, requires C, 61-4; H,7:1%). The p-bromophenacyl 
estey, fluffy needles from aqueous ethanol, had m. p. 115—116° (Found: C, 53-6; H, 5-0; 
Br, 18-5. C,9H,,O,Br,4H,O requires C, 53-8; H, 5-0; Br, 17-9%). 

2 : 5- Diethoxyanisole.—Methoxyquinol (35 g., 1 mol.), ethyl sulphate (85 g., 2-2 mols.), 
and potassium carbonate (85 g.) were refluxed in acetone (400 c.c.) for 24hr. The liquid isolated 
from the acetone solution was taken up in ether, washed with 2nN-sodium hydroxide and water, 
dried, and distilled. The fraction, b. p. 148—152°/17 mm., solidified to a colourless solid (27 g. 
55%), m. p. 43—45°. Recrystallised from light petroleum (b. p. 40—60°), the diethoxyanisole 
formed leafiets, m. p. 44—45° (Found : C, 67-5; H, 8-0. C,,H,,O, requires C, 67-3; H, 8-2%). 

2 : 5-Diethoxy-4-methoxyacetophenone (V1).—A solution of 2: 5-diethoxyanisole (24 g.) and 
acetyl chloride (10-5 g.) in carbon disulphide (40 c.c.) was cooled in ice-salt and treated gradually 
with aluminium chloride (22 g.). The preduct obtained after 46 hr. at 0° by treatment with 
ice-dilute hydrochloric acid was crystallised from aqueous ethanol and thus afforded the 
ketone (V1) as silky needles (20-9 g., 72%), m. p. 103—104°, raised by recrystallisation to 104— 
104-5° (Found, in a sample dried at 80° in vacuo: C, 65:3; H, 7:8. C,H gO, requires C, 65:5; 
H, 7-6%). 

2 : 5-Diethoxy-4-methoxybenzoic Acid (V; R = Et).—The ketone (VI) (20 g.), mixed with 
water (200 c.c.) and heated on a steam-bath, was gradually treated with potassium permanganate 
(30 g.) during 2 hr. The insoluble matter was suspended in water and saturated with sulphur 
dioxide, and the solution filtered from unchanged ketone (13-8 g.). The filtrate was concen- 
trated and acidified, whereby a pale yellow solid (3 g.), presumably the phenylglyoxylic acid, 
was precipitated. This was dissolved in 10% aqueous potassium hydroxide (15 c.c.) at 60 
and treated with 30% hydrogen peroxide (6 c.c.). Finally, after boiling, the liquid was cooled 
and acidified, 2 : 5-diethoxy-4-methoxybenzoic acid (V; R = Et) (2-5 g., yield on ketone oxidised, 
12-4°%) being obtained; it had m. p. and mixed m. p. with the acid derived from (II; R = Et), 
155—156° (Found, in a dried sample: C, 59-7; H, 6-7%). The methyl ester, plates from light 
petroleum, had m. p. and mixed m. p. $4—95° (Found: C, 61-3; H, 7-:0%), and the p-bromo- 
phenacyl ester, fluffy needles from aqueous ethanol, had m. p. and mixed m. p. 115—116° (Found : 
C, 53-9; H, 5-0; Br, 18-0; loss at 100° in vacuo, 2-0. CgH,,0,Br,4H,O requires loss, 2-0%. 
Found, in dried sample: C, 55-0; H, 5-0. C,)H,,O,Br requires C, 54:9; H, 4-8%). 

Oxyayanin-B (VII; R = H).—A specimen of ayan (3-5 kg.) from which were obtained an 
abnormally high quantity of ether-soluble material (212 g.) and an acetone extract of 305 g., 
failed to yield distemonanthin when these products were digested with boiling methanol. In 
the case of the ether extract, both the undissolved yellow solid and that deposited from the 
methanolic solution during 18 days at room temperature consisted of mixtures of ayanin and 
oxyayanin-A, but further material which had appeared after several weeks consisted of crude 
oxyayin-B (31-4 g., 0-9%). When recrystallised from acetic acid it formed pale yellow needles 
(23-5 g.), m. p. 208—209° [Found, in a sample dried at 110° in vacuo: C, 60-0; H, 4-7; OMe, 
23-8. C,;H,O;(OMe), requires C, 60-0; H, 4:5; OMe, 25-8%]; light absorption in EtOH: 
max. at 2150 (log ¢ 4-54), 2410 (log e 4-22), 2560 (log « 4-25), 2820 (log « 4-28), and 3480 A. 
(log ¢ 4°36). 

Oxyayanin-B dissolves in concentrated hydrochloric acid and in sulphuric acid to yellow 
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solutions. In alcohol with magnesium—hydrochloric acid a crimson colour appears; the lack 
of colour change after alkaline reduction is attributed to precipitation by the solvent of the sodium 
salt. The flavone gives a green solution with aqueous sodium carbonate which becomes orange 
readily when heated. The deep yellow solution in sodium hydroxide becomes dark brown when 
shaken in air, and yellow again upon the addition of zinc dust. Quercetagetin is reported 
(Perkin, J., 1913, 103, 209) to be green in alkali, turning to brown. Moreover, oxyayanin-B 
dissolved in alcohol yields a green flocculent precipitate with sodium amalgam (Bargellini 
test, Gazzetta, 1919, 49, 47; cf. Marini-Bettolo and Ballio, ibid., 1946, 76, 410). Its ferric 
reaction in alcohol is brown-green. A solution of the flavone in alcohol was coloured dark 
brown by chloropentamminocobaltic chloride. 

Triacetyloxyayanin-B, prepared with acetic anhydride—pyridine, crystallised from ethyl 
acetate as colourless plates, m. p. 214—-216° (Found, in a specimen dried at 100° in vacuo: 
C, 58-9; H, 4:7. C,,gH,.O,, requires C, 59-3; H, 4-6%). 

3:5:6:7:3':4’-Hexamethoxyflavone (Tri-O-methyloxyayanin-B) (VII; R= Me).—A 
mixture of oxyayanin-B (0-5 g.), methyl sulphate (0-75 g.), potassium carbonate (2-5 g.), and 
acetone (75 c.c.), when refluxed for 18 hr., filtered, and then evaporated to dryness, yielded a 
gum which solidified on trituration with aqueous ammonia. Crystallisation of the residue from 
benzene-—light petroleum gave elongated prisms, m. p. 141—142°, alone or mixed with (a«)-hexa- 
O-methylquercetagetin (Found, in a sample dried at 100° 7m vacuo: C, 62-3; H, 5-6. Calc. for 
C,,H_,0,: C, 62:7; H, 5-5%). 

5-Hydroxy-3 : 6:7: 3’ : 4’-pentamethoxyflavone (Di-O-methyloxyayanin-B) (VIIL; R = Me).— 
The solid which separated from a solution containing oxyayanin-B (0-5 g.), methanol (30 c.c.) 
and diazomethane in ether (30 c.c.) after 18 hr. at 0° was identical with 3: 6: 7: 3’: 4’-penta- 
O-methylquercetagetin, long pale yellow silky needles, m. p. and mixed m. p. 158—159° (Found, 
in a sample dried at 100° in vacuo: C, 62-0; H, 5:4. Calc. for C,,H,O, : C, 61-9; H, 5-2%). 

Ethylation of Oxyayanin-B.—The flavone (2-5 g.), ethyl sulphate (5 g.), potassium carbonate 
(10 g.), and acetone (120 c.c.) were refluxed for 18 hr., and the insoluble material containing 
the red alkali salt of the flavone diethyl ether collected and treated with dilute hydrochloric 
acid. The residue (1-4 g., 48%) was then crystallised from methanol, thus affording di-O- 
ethyloxyayanin-B (VIII; R= Et) as yellow elongated prisms, m. p. 142—143°, exhibiting a 
brown-green ferric reaction (Found, in a sample dried at 100° im vacuo: C, 63-4; H, 5:8. 
Cy.H,,O, requires C, 63-5; H, 5:8%). Prolonged methylation of (VIII; R = Et) (1 g.) with 
methyl sulphate—potassium carbonate resulted in di-O-ethyl-O-methyloxyayanin-B (0-95 g.), 
prisms (from benzene-light petroleum), m. p. 130° (Found, in a sample dried at 100° in vacuo: 
C, 64:0; H, 6-3. C,,H,,O, requires C, 64-2; H, 6-1%). 

The filtered acetone solution and washings were evaporated, and when stirred with aqueous 
alkali gave tri-O-ethyloxyayanin-B (VII; R = Et) asa colourless solid (0-9 g., 27%). It crystal- 
lised from benzene-—light petroleum in glistening plates, m. p. 124—125° (Found, in a sample 
dried at 80° in vacuo: C, 64:8; H, 6-5. C,,H.,O, requires C, 64-9; H, 6-4%). 

Alkali Degradation of Triethyloxyayanin-B.—The products obtained by refluxing for 7 hr. 
the flavone (VII; R = Et) (1 g.) with a solution of potassium hydroxide (2 g.) in water (2 c.c.) 
and alcohol (10 c.c.) were separated, after evaporation under reduced pressure and addition 
of water (25 c.c.), by saturating the resulting solution with carbon dioxide. The crystalline 
precipitate (0-46 g.) was collected and residual traces were removed from the filtrate with ether. 
Crystallisation of the substance from light petroleum yielded glistening flat prisms, m. p. 79— 
80°, giving a brown ferric reaction and consisting of 2 : 3-diethoxy-6-hydroxy-w : 4-dimethoxy- 
acetophenone (X) (Found: C, 59-5; H, 7:15. C,H, O, requires C, 59-1; H, 7-1%). 

The component remaining in the sodium hydrogen carbonate solution was 3-ethoxy- 
4-methoxybenzoic acid (IX) which crystallised from aqueous methanol in glistening elongated 
plates, m. p. and mixed m. p. 163—164° (Found, ina sample dried at 100° in vacuo: C, 61-4; 
H, 6-2%; equiv., 200. Calc. for C,,H,,0,: C, 61-2; H, 6-2%; equiv., 196). 

Alkali Degradation of Di-O-ethyl-O-methyloxyayanin-B.—Under conditions similar to those 
used for (VII; R = Et), this ether (0-5 g.) afforded (a) 5-ethoxy-2-hydroxy-w : 4 : 6-trimethoxy- 
acetophenone (XI; R= Et) (0-23 g.), elongated prisms from light petroleum, m. p. 78—79° 
(Found: C, 58-2; H, 6-9. C,,H,,0, requires C, 57-8; H, 6-7%), and (b) 3-ethoxy-4-methoxy- 
benzoic acid (0-22 g.), m. p. and mixed m. p. 163—164°. 

5-Ethoxy-2-hydvoxy-w : 4: 6-trimethoxyacetophenone (XI; R = Et).—By refluxing for 18 hr. 
the dihydroxydimethoxyacetophenone (XI; R = H) (Row and Seshadri, /oc. cit.) (0-5 g., 1 mol.) 
with ethyl iodide (0-36 g., 1-1 mols.) and potassium carbonate (1 g.) in acetone (30 c.c.), and 
isolating the portion soluble in 2N-sodium hydroxide, the 5-ethyl ether (XI; R= Et) was 


4594 King, King, and Stokes: The Chemistry of 


obtained. It crystallised from light petroleum (charcoal) in elongated prisms, m. p. and mixed 
m. p. with the specimen derived from diethylmethyloxyayanin-B 78—79°; both samples 
exhibited in alcohol solution the identical brown colour with ferric chloride (Found: C, 57-9; 
H, 6-7%). 


The authors thank Professor W. Baker, F.R.S., for specimens of quercetagetin penta- and 
hexa-methy] ethers. 
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The Chemistry of Extractives from Hardwoods. Part XX.* Distemon- 
anthin, a New Type of Flavone Pigment from Distemonanthus benth- 
amianus. 

By F. E. Kine, T. J. Kine, and P. J. STOKEs. 
[Reprint Order No. 5714.] 


Distemonanthin, C,,H,,O,, a new type of flavonoid pigment, has been 
found in the wood of Distemonanthus benthamianus. It contains one methoxyl 
and four hydroxyl groups, and the formation on prolonged methylation of an 
ester C;;H,0,(OMe),.*CO,Me gave evidence also of the presence of a lactone 
ring. 

Alkali degradation of the fully methylated derivative yielded hemipinic 
acid and 2-hydroxy-w : 4: 5: 6-tetramethoxyacetophenone, while similar 
treatment of the corresponding ethyl compound C,;H,O,(OMe)(OEt) ,,CO,Et 
produced 3:4-diethoxyphthalic acid and @: 4: 6-triethoxy-2-hydroxy- 
5-methoxyacetophenone, the latter being already known as a decomposition 
product of patuletin (Row and Seshadri, Proc. Indian Acad. Sci., 1946, 23, A, 
140). Distemonanthin is therefore 7: 8: 5’ : 7’-tetrahydroxy-6’-methoxy- 
chromono(3’ : 2’-3 : 4)isocoumarin. 

7’-Hydroxy- and 5’ : 7’-dihydroxy-chromono(3’ : 2’-3 : 4)isocoumarin and 
2:3: 5-trimethoxyphenol have been synthesised. 


Or the new colouring matters isolated from ayan, the yellow wood of Distemonanthus 
benthamianus, those so far described (see Part V, J., 1952, 92, and Part XIX *) are ayanin 
(3: 7: 4'-tri-O-methylquercetin), oxyayanin-A (6’-hydroxyayanin), and oxyayanin-B 
(6-hydroxyayanin). The fourth, a bright yellow very sparingly soluble compound, 
C,H 0,, which has been named distemonanthin, is of particular interest in containing 
the formerly unknown chromono(3’ : 2’-3 : 4)¢socoumarin nucleus. The following account 
of the new pigment describes the determination of its constitution (I; R =H) and the 
synthesis of simple derivatives of this novel ring-system. 

The relation of distemonanthin to the flavone series was evident from its general 
properties, including the colour of its solutions in alkali and in aqueous-alcoholic hydrochloric 
acid treated with magnesium. The hydroxylic nature of four of its oxygen atoms followed 
from the formation of tetra-acetyl and tetrabenzoyl derivatives; a fifth was present as a 
methoxyl group (Zeisel). These groups and the pyrone ring account for all but two of the 
oxygen atoms. 

Significant data were derived from methylation studies, primarily with methy] sulphate— 
potassium carbonate in acetone, for a tetramethyl ether which was first obtained was 
gradually replaced by a hexamethyl derivative. Moreover, in the formation of hexa- 
O-methyldistemonanthin an additional oxygen atom was introduced, a result consistent 


Paget 
with the conversion of a lactone grouping CO—O into the corresponding O-methyl methyl 
‘ -X——_ 
ester CO-OMe MeO. In agreement, it was later shown that mild alkaline hydrolysis 
of the hexamethyl derivative eliminated a methyl group, producing a carboxylic acid. 


* Part XIX, preceding paper. 
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The latter, which was also obtained from the tetramethyl ether by methylation in aqueous 
solution, was reconverted into hexa-O-methyldistemonanthin with diazomethane. 

When alkylated with methyl iodide—potassium carbonate in acetone, distemonanthin 
yielded a high proportion of very sparingly soluble dimethyl ether, the remaining product 
consisting of hexa-O-methyldistemonanthin. With methyl sulphate in aqueous alkali, 
however, an acidic trimethyl ether was formed, indicating fission of the lactone ring and 
methylation of the liberated phenolic hydroxyl group. These properties of distemonanthin 
and of its compounds appeared to be most readily explained on the assumption that the 
lactone system spans the 2’ : 3-positions, the stability of those derivatives containing the 
free carboxyl group—which if located at position 3 would constitute a $-keto-acid— 
requiring the assignment of this substituent to the 2’-carbon atom. Distemonanthin is 
thus constituted as a 2’-carboxyflavonol anhydride. 

Further information bearing on the structure of the compound was ebtained by alkali 
degradation. However, the lactone-containing compounds, 1.e., distemonanthin and tetra- 
O-methyldistemonanthin, exhibited remarkable stability towards alkali, 80° of the tetra- 
methyl ether, for example, being recovered after 8 hours’ refluxing with 20% aqueous 
potassium hydroxide. Hexa-O-methyldistemonanthin, on the other hand, which was 
first fused with alkali at 250° and gave a small quantity of protocatechuic acid isolated 
as methyl ester, was readily hydrolysed with 20° aqueous-alcoholic potassium hydroxide, 
affording hemipinic acid (VI; R = Me) and a monohydric phenol C,,.H,,0, which was 
identified by comparison with a synthetic sample as 2-hydroxy-w : 4 : 5 : 6-tetramethoxy- 
acetophenone (V; R = Me) (Row and Seshadri, Proc. Indian Acad. Sci., 1946, 23, A, 23). 
Methylation of the hydroxy-ketone gave the previously unknown w:2: 4:5: 6-penta- 
methoxyacetophenone. 
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From these results it is evident that hexa-O-methyldistemonanthin is the hexamethoxy- 
flavone-2’-carboxylic ester shown as (II; R = R’ = Me), and consequently the tetramethyl] 
ether is the corresponding lactone (I; R = Me). The formation of a dimethyl ether under 
less vigorous conditions of alkylation may be attributed to the restrictive influence on the 
phenolic substituents at the 5- and the 3’-position (flavone numbering) of chelation with 
the adjacent carbonyl groups, whence it may be concluded that the constitution of this 
product is (III; R = Me). Consequently, the acidic trimethyl ether has structure (IV) 
since it is presumably again these two hydroxyl groups which resist methylation. 

Prolonged treatment of distemonanthin with ethyl sulphate—potassium carbonate in 
refluxing acetone gave a mixture of the hexaethyl derivatives (present in solution) and 
the sparingly soluble diethyl and tetraethyl ethers, of which the last two were isolated 
from the undissolved solid and separated by crystallisation from acetic acid. Degradation 
of the hexaethyl compound with 20% aqueous-alcoholic potassium hydroxide resulted in 
the formation of a diethoxyphthalic acid and a phenolic ketone C,;H,,0,. The formation 
of hemipinic acid (VI; R = Me) in the hydrolysis of the corresponding methyl compound 
(II; R= R’ = Me) enabled the new phthalic acid to be identified as (VI; R = Et). 
The phenolic ketone was already known as a degradation product of penta-O-ethylpatuletin, 
prepared by Row and Seshadri (Proc. Indian Acad. Sci., 1946, 23, A, 140) from patuletin, 
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a pigment found in the French marigold, Tagetes patula, and its identity was confirmed 
by direct comparison with the product (V; R = Et) obtained from a specimen of patuletin 
kindly provided by Professor Seshadri. Having in this way established the orientation 
of the methoxy] group it was obvious that the total structure of distemonanthin is expressed 
by the formula (I; R =H). The relation between distemonanthin and patuletin evident 
in these formule was then experimentally demonstrated by mild hydrolysis of the hexaethy] 
compound (II; R = R’ = Et) to the corresponding acid (I1; R = Et, R’ = H) which, 
when decarboxylated in boiling quinoline containing copper, yielded a product identical 
with penta-O-ethylpatuletin (VII; R = Et). 

A synthesis of 7’-hydroxychromono(3’ : 2’-3 : 4)¢socoumarin (IX; R = H) was carried 
out from w-methoxyresacetophenone, which first was acylated in pyridine with excess of 
2-methoxycarbonylbenzoyl chloride. When heated with pyridine and potassium carbonate 
to effect the Baker-Venkataraman rearrangement, the resulting diacyl derivative gave 
7-hydroxy-3-methoxyflavone-2’-carboxylic acid (VIII; R =H), further characterised in 
the form of the methyl 7-methoxy-carboxylic ester (VIII; R = Me). The chromono- 
zsocoumarin (IX; R =H) was formed by heating the 7-hydroxy-acid (VIII; R =H) 
with aqueous hydrogen iodide in acetic acid. Similarly, 5’ : 7’-dihydroxychromono- 
(3 : 2’-3 : 4)tsocoumarin was synthesised from w-methoxyphloracetophenone. 


MeO 
Meo? \OH 
N bE \ ya 
~ CO OMe CO Me) 
(VIII) (X) 
2: 3: 5-Trimethoxyphenol (X), a possible requirement at one stage of the investigation, 
was synthesised from pyrogallol l-methyl ether via the following new intermediates : 
2 : 3-dibenzyloxyanisole, 2-benzyloxy-6-methoxy-1 : 4-benzoquinone, 2-benzyloxy-6-meth- 
oxyquinol, and  3-benzyloxy-1 : 2: 5-trimethoxybenzene. 2 : 3-Dibenzyloxy-5-nitro- 
anisole was obtained as a by-product from the preparation of the quinone. 


EXPERIMENTAL 
Light petroleum used had b. p. 60—80°. 


Distemonanthin (I; R = H).—Isolated as described in Part XIX and crystallised from 
pyridine—methanol, distemonanthin was obtained in bright yellow needles, m. p. (im vacuo) 
351° (decomp.) (Found, in a sample dried at 110° im vacuo: C, 57-0, 56-9; H, 2-8, 3:0; OMe, 
8-5. C,H )O, requires C, 57-0; H, 2-8; 10Me, 8-7%); light absorption in EtOH: max. at 
217, 240, 268, 312, 374, and 390 my; log « 4-49, 4-40, 4:24, 3-94, 4:34, and 4-33. Distemon- 
anthin is very sparingly soluble in most common solvents but dissolves more readily in dioxan 
and freely in pyridine or 2-ethoxyethanol. Its solutions in aqueous sodium carbonate or 
hydroxide are dark orange; in concentrated mineral acids it forms yellow solutions, and in 
alcohol its ferric reaction is brownish-green. 

When treated with acetic anhydride-pyridine at 100° for 2 hr. distemonanthin gave a 
tetva-acetate which crystallised from ethyl acetete as colourless plates, m. p. 225—227° after 
slight sintering [Found, in a sample dried at 110° in vacuo: C, 56-7; H, 3-6; OMe, 5-4; Ac, 
354%; M (Rast), 504. C,;H,,0,, requires C, 57-0; H, 3-4; 1OMe, 5-9; 4Ac, 32:-7%; M, 
526). The tetrabenzoate, prepared with benzoyl chloride~pyridine at 100° for 2 hr., was obtained 
as an oil which solidified in contact with ethanol and formed colourless needles, m. p. 239—240°, 
from ethyl acetate (Found, in a specimen dried at 110° in vacuo: C, 70-1; H, 3:9; OMe, 4-4. 
Cy5H_g0 4, requires C, 69-8; H, 3-4; 10Me, 4:0%). 

Tetra-O-methyldistemonanthin (I; R= Me) and Methyl 3:5:6:7: 3’: 4’-Hexamethoxy- 
flavone-2’-carboxylate (II; R = R’ = Me).—A mixture of distemonanthin (1 g.), methyl 
sulphate (3 c.c.), and potassium carbonate (6 g.) in acetone (200 c.c.) was refluxed for 24 hr. 
The insoluble material was then isolated and treated with hydrochloric acid; the residue of 
tetra-O-methyldistemonanthin crystallised from acetic acid in colourless plates (0-4 g., 35%), 
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m. p. 272° [Found, in a specimen died at 110° im vacuo: C, 60-5; H, 4:5; OMe, 34-9. 
C,gH;0,(OMe), requires C, 60-9; H, 4-4; OMe, 37-5%]. 

Evaporation of the acetone solution and washings yielded a gum which was triturated with 
aqueous ammonia. The residue (0-5 g., 399%) when repeatedly crystallised from benzene— 
light petroleum gave methyl 3:5:6:7: 3’: 4’-hexamethoxyflavone-2’-carboxylate as prisms, 
m. p. 151—152° [Found, in a specimen dried at 110° in vacuo: C, 59-6; H, 5-5; OMe, 44-7. 
C,,H,0,(OMe), requires C, 60:0; H, 5-3; OMe, 47-2%]. Continued treatment of the tetra- 
methyl] derivative yielded the hexamethoxyflavone ester (66%) which also was the sole product 
(74%) from the prolonged methylation (90 hr.) of distemonanthin. 

3:5:6:7:3' : 4’-Hexamethoxyflavone-2’-carboxylic Acid (Il; R= Me, R’ = H).—(i) A 
solution of the hexamethoxyflavone methyl ester (II; R = R’ = Me) (0-5 g.) in water (2 c.c.) 
and ethanol (20 c.c.) containing potassium hydroxide (1 g.) was refluxed for 1 hr. and then 
concentrated. Acidification yielded a precipitate from which the hexamethoxyflavonecarboxylic 
acid (0-34 g., 70%) was obtained via aqueous sodium hydrogen carbonate and crystallisation 
from ethanol as prisms, m. p. 229—231° (effervescence) [Found, in a specimen dried at 110° 
in vacuo: C, 59-0; H, 4-6; OMe, 40-4. C,,H,O,(OMe), requires C, 59-2; H, 5-0; OMe, 41-7%]. 

(ii) Tetra-O-methyldistemonanthin (0-2 g.) was dissolved by heating in 2N-sodium hydroxide 
(10 c.c.), and the solution shaken at room temperature for 14 hr. with methyl sulphate (1 c.c.). 
After further warming the solution was acidified and the precipitated product purified via 
sodium hydrogen carbonate and crystallisation as above. The resulting acid had m. p. 229— 
231° (effervescence) (Found: C, 59-2; H, 4:8%). The material insoluble in the carbonate 
solution gave tetra-O-methyldistemonanthin when crystallised from acetic acid. 

A solution of the acid (0-1 g.) in methanol (5 c.c.) was treated with ethereal diazomethane. 
The product isolated by evaporation was dissolved in benzene and washed with aqueous sodium 
hydrogen carbonate; addition of light petroleum to the dried benzene solution gave methyl 
3:5:6:7: 3’: 4’-hexamethoxyflavone-2’-carboxylate, m. p. and mixed m. p. 151—152°. 

Dimethyldistemonanthin (III; KR = Me).—The insoluble material obtained from distemon- 
anthin (0-5 g.), potassium carbonate (2 g.), methyl iodide (5 c.c.), and boiling acetone (100 c.c.) 
for 14 hr. afforded, when treated with hydrochloric acid, a yellow solid (0-38 g., 70%) consisting 
of di-O-methyldistemonanthin. It crystallised from acetic acid or pyridine-methanol as pale 
yellow needles, m. p. 332—334° [Found, in a specimen dried at 130° im vacuo: C, 59-4; H, 
3-6; OMe, 23-6. C,,H,;O,(OMe), requires C, 59-1; H, 3:7; OMe, 24:1%]. This derivative 
is very sparingly soluble in organic solvents (thus precluding the ferric colour test) ; with aqueous 
alkalis deep orange, difficultly soluble salts are formed. Acetylation with acetic anhydride— 
pyridine gave the diacetate, colourless plates (from chloroform-—ethyl acetate), m. p. 271—272° 
(decomp.) (Found: C, 59-0; H, 4:2. C,,H,,0,, requires C, 58:7; H, 3-9%). 

From the acetone solution used in the methylation hexamethoxyflavone methyl ester 
(0-1 g., 15-5%), m. p. 151—152°, was isolated. 

5 : 3’-Dihydroxy-3 : 6: 7: 4’-tetramethoxyflavone-2’-carboxylic Acid (IV).—A_ solution of 
distemonanthin (0-5 g.) in 2N-sodium hydroxide (10 c.c.) was shaken with methyl sulphate 
(1 c.c.) at room temperature for 3 hr., and after warming on a steam-bath it was acidified. 
The gummy precipitate was dissolved in chloroform, and the light yellow solid extracted there- 
from with aqueous sodium hydrogen carbonate was crystallised from benzene—light petroleum, 
whereby 5: 3’-dihydroxy-3 : 6: 7’ : 4’-tetramethoxyflavone-2’-carboxylic acid was obtained as 
pale yellow needles, m. p. 219—220° [Found: C, 57-5; H, 4:5; OMe, 28:9. C,,H,O,(OMe), 
requires C, 57-4; H, 4:3; OMe, 29-7%]. 

Alkali Degradation of Methyl 3:5:6:7: 3’: 4’-Hexamethoxyflavone-2’-carboxylate.—(i) A 
mixture of the flavone ester (II; R = R’ = Me) (0-5 g.), potassium hydroxide (5 g.), and water 
(2 c.c.) was heated for 10 min. in a nickel crucible at 250°, and the melt dissolved in water, 
acidified, and extracted with ether (3 x 25 c.c.). The product was fractionated by shaking 
the ethereal solution first with aqueous sodium hydrogen carbonate and then with 2N-sodium 
hydroxide. The fractions recovered by acidification and ether-extraction were tarry, but the 
more acidic portion when treated with ethereal diazomethane yielded a product which after 
distillation [b. p. 180—200° (bath-temp.) /1-5 mm.] crystallised from benzene in needles and had 
m. p. 134—135° alone or mixed with methyl protocatechuate (Found: C, 57-5; H, 4-9. Calc. 
for CgH,O,: C, 57-1; H, 4:8%). 

(ii) A mixture of the ester (II; R = R’ = Me) (2 g.), potassium hydroxide (10 g.), water 
(10 c.c.), and ethanol (40 c.c.) was refluxed for 8 hr. and the product derived by evaporation 
was dissolved in water (25 c.c.) and fractionated by saturation of the solution with carbon 
dioxide. The precipitated solid (0-9 g.) and a further small quantity (0-05 g.) obtained by ether- 
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extraction consisted of 2-hydroxy-w: 4:5: 6-tetramethoxyacetophenone (V; R= Me); 
the remaining solution was acidified, traces of solid were removed by filtration, and hemipinic 
acid (VI; R = Me) (0-7 g.) was isolated from the filtrate by ether-extraction (4 x 25c.c.). 

Repeated crystallisation from light petroleum (b. p. 40—60°) afforded the phenol (V; 
Ik = Me) as needles, m. p. 71—72° alone or mixed with 2-hydroxy-w : 4: 5: 6-tetramethoxy- 
acetophenone prepared by the method of Row and Seshadri (loc. cit., p. 23) who, however, 
record m. p. 77—78° [Found: C, 56-2; H, 6-3; OMe, 466%; M (Rast), 231. Calc. for 
C,.H,,0,: C, 56-4; H, 6-3; 40Me, 48-5%; M, 256]. Both specimens exhibited a brown 
colour with alcoholic ferric chloride, and when refluxed for 18 hr. with methyl sulphate—potassium 
carbonate in acetone yielded the identical product, isolated by evaporating the filtered acetone 
solution, and consisting of w:2:4: 5: 6-pentamethoxyacetophenone, which crystallised from 
light petroleum in prisms, m. p. and mixed m. p. 89—90° (Found: C, 57-8; H, 6-5. C,,H,,0, 
requires C, 57-8; H, 6-7%). 

After decolorisation by crystallisation from methanol—benzene, the acid fraction gave 
hemipinic acid as elongated prisms, m. p. 178—179° (effervescence), from ethyl acetate, being 
less soluble therein than in the usual solvent, water (Perkin, J., 1916, 109, 922, records m. p. 
180° (effervescence) (Found: C, 52-8; H, 4-7; OMe, 26-6. Calc. for Cy,H,,O,: C, 53-1; 
H, 4:5; 20Me, 27-4%). The anhydride, needles from benzene, had m. p. 166—167°; Soffer 
et al. (J. Amer. Chem. Soc., 1950, 72, 3707) give m. p. 166—167° (Found: C, 58-0; H, 4-1. 
Cale. for CyH,O;: C, 57-7; H, 3:9%); the N-ethylimide had m. p. 91—92° (recorded values 
range from 90° to 96—98°) (Found: C, 61-6; H, 5-7; N, 5:8. Calc. for C,,H,,0,N : C, 61:3; 
H, 5-6; N, 6-0%). 

Ethylation of Distemonanthin.—A mixture of distemonanthin (7-5 g.), ethyl sulphate (25 g.), 
and potassium carbonate (40 g.) in acetone (500 c.c.) was heated under reflux for 140 hr., and 
the principal product isolated by evaporation of the filtered solution and trituration of the 
residue with aqueous sodium hydroxide. The residue (6-0 g., 53%) of ethyl 3:5:7: 3’: 4’- 
pentaethoxy-6-methoxyflavone-2’-carboxylate (II; R= R’ = Et) crystallised from benzene— 
light petroleum as colourless prisms, m. p. 111—112° (Found: C, 64:1; H, 6-7. CygH 3.049 
requires C, 64-0; H, 6-7%). 

The solid collected from the reaction mixture was treated with dilute hydrochloric acid, and 
the residue (2-8 g.) was heated with boiling acetic acid (100 c.c.) for 5 min. The undissolved 
portion (1-1 g., 18%) consisting of di-O-ethyldistemonanthin (III; R = Et) crystallised from 
pyridine in small yellow needles, m. p. 327—328° (decomp.) (Found, in a specimen dried at 110° 
in vacuo: C, 60-9; H, 4:7. C,,H,,O, requires C, 60-9; H, 44%). Tetva-O-ethyldistemonanthin 
(0-35 g., 3-6%) separated from the acetic acid filtrate after it had been concentrated to 25 c.c. 
(charcoal), and when recrystallised from acetic acid formed colourless plates, m. p. 246—247° 
(Found, in a specimen dried at 110° in vacuo: C, 63-9; H, 5-3. C,;H,,O, requires C, 63-8; 
H, 5-6%). 

3: 5:7: 3’: 4’-Pentaethoxy-6-methoxyflavone-2’-carboxylic Acid.—Hydrolysis of ethyl 
3: 5:7: 3’: 4’-pentacthoxy-6-methoxyflavone-2’-carboxylate (0-75 g.) with 5% alcoholic 
potassium hydroxide as for the corresponding ester (II; R = R’ = Me) yielded the acid (II; 
R = Et, R’ = H) (0-5 g., 70%) which crystallised from aqueous methanol in colourless plates, 
m. p. 156—157° (Found, in a specimen dried at 100° in vacuo: C, 63-0; H, 6:5. Cy7H 3.049 
requires C, 62:8; H, 6-3%). 

3:5: 7:3’: 4’-Pentaethoxy-6-methoxyflavone (Penta-O-ethylpatuletin).—A mixture of the 
acid (II; R = Et, R’ = H) (0-5 g.) and copper powder (0-1 g.) was heated in quinoline (5 c.c.) 
under reflux for 15 min. The product was isolated after the addition of ether (100 c.c.) by 
washing the filtered solution with 2N-hydrochloric acid (5 x 50 c.c.), and then evaporating the 
dried liquid. The crystalline residue separated from ethanol in colourless prisms (0-27 g., 
59%), m. p. 126—127°, undepressed by penta-O-ethylpatuletin (Found, in a specimen dried 
in vacuo at 100°: C, 66-0; H, 6-7. Calc. for C,,H,,0,: C, 66-1; H, 6-8%). 

Alkali Degradation of Ethyl 3:5:17: 3’ : 4’-Pentaethoxy-6-methoxyflavone-2’-carboxylate.— 
The ester (II; R = R’ = Et) (2 g.) was hydrolysed with 20% alcoholic potassium hydroxide 
under the conditions used for the related methylated product (II; R = R’ = Me), and after 
removal of the solvent alcohol the phenolic component (0-86 g.) was precipitated with carbon 
dioxide. It crystallised from aqueous methanol in elongated prisms, m. p. 88—89° alone and 
mixed with 2-hydroxy-o : 4: 6-triethoxy-5-methoxyacetophenone (V; R= Et) obtained 
from patuletin, and the similarity of their brown ferric reactions in alcoholic solution was also 
observed (Found: C, 60-0; H, 7-3. Calc. for C,;H,.0,: C, 60-4; H, 7:-4%). 

Acidification of the residual sodium hydrogen carbonate solution precipitated a solid (0-67 g.) 
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of which a further quantity (0-3 g.) was procured by ether-extraction of the filtrate. When 
crystallised from methanol—benzene it afforded elongated prisms, m. p. 192—193°, consisting 
of 3: 4-diethoxyphthalic acid (VI; R = Et) (Found, in a specimen dried at 110° in vacuo: C, 
56-5; H, 5-7%; equiv., 126. C,.H,,0, requires C, 56-7; H, 5-6%; equiv., 127). 

2: 4-Di-(o-methoxycarbonylbenzoyl) - w - methoxyresacetophenone.—2 - Methoxycarbonylbenzoy] 
chloride (5 g., 2-3 mols.) (Meyer, Monatsh., 1901, 22, 578) was slowly added to a cooled solution 
of w-methoxyresacetophenone (2 g., 1 mol.) in pyridine (8c.c.). After 15 hr. at room temperature 
the mixture was treated with 2n-hydrochloric acid (50 c.c.), and the oily product dissolved 
in ether (200c.c.). The liquid was successively washed with 2N-acid (4 x 50 c.c.) and 2N-sodium 
carbonate, and then dried (Na,SO,) and evaporated. The residue crystallised from ethyl 
acetate-light petroleum, to give 2: 4-di-(0-methoxycarbonylbenzoyl)-w-methoxyresacetophenone 
(4-2 g., 76%) as prisms, m. p. 79—80° (Found: C, 64-4; H, 4:7. C,,H,.0j, requires C, 64-0; 
H, 4:4%). 

7-Hydvroxy-3-methoxyflavone-2’-carboxylic Acid (VIII; R= H).—2:4-Di-(o-methoxy- 
carbonylbenzoyl)-w-methoxyresacetophenone (1-2 g.) was heated under reflux with pyridine 
(10 c.c.) and anhydrous potassium carbonate (2 g.) for 1 hr. The pyridine was then decanted 
and the residue treated with dilute hydrochloric acid to give a solid (0-6 g., 81%) which on 
crystallisation from aqueous ethanol (charcoal) yielded 7-hydroxy-3-methoxyflavone-2’-carboxylic 
acid as colourless prisms, m. p. 265—266° (Found, in a specimen dried at 110° in vacuo: C, 
65-3; H, 4:0; OMe, 10-8. C,,H,O;*OMe requires C, 65-4; H, 3-9; OMe, 9-9%). The com- 
pound dissolves in aqueous sodium hydrogen carbonate to a yellow solution. It is insoluble in 
hydrochloric acid but in concentrated sulphuric acid it gives a yellow solution with a weak 
green fluorescence. With magnesium—hydrochloric acid an alcoholic solution of the flavone 
became yellow; sodium amalgam reduction and acidification produced no colour change. 

Methyl 3 : T-Dimethoxyflavone-2’-carboxylate (VIII; R = Me).—The flavone (VIII; R = H) 
(0-7 g.) was refluxed in acetone (25 c.c.) with methyl sulphate (1 c.c.) and potassium carbonate 
(2 g.) for 18 hr. Evaporation of the filtered solution and trituration of the residue with aqueous 
ammonia gave methyl 3: '7-dimethoxyflavone-2'-carboxylate which crystallised from benzene— 
light petroleum in colourless prisms, m. p. 133—134° (Found, in a specimen dried at 100° in vacuo : 
C, 66-8; H, 4-5. C,,H,,O, requires C, 67-1; H, 4:7%). 

7’-Hydroxychromono (3’ : 2’-3 : 4)isocoumarin (IX; R = H).—7-Hydroxy-3-methoxyflavone- 
2’-carboxylic acid (0-4 g.) was heated with acetic acid (5 c.c.) and hydriodic acid (10 c.c.; d 1-7) 
at 140° (oil-bath) for 24 hr. Water was then added and the liquid decolorised with sulphur 
dioxide. The precipitated hydroxychromonoisocoumarin (IX; R = H) (0-3 g., 90%) crystallised 
from pyridine in colourless rods, m. p. >350° (Found, in a specimen dried at 110° in vacuo: 
C, 68-4; H, 3-0. C,,H,O; requires C, 68-6; H, 2-9%); light absorption in EtOH : max. at 210, 
230, 278, 336, and 392 my; log e« 4-50, 4-42, 3-91, 4-27, and 3-37. The chromonoisocoumarin 
is very sparingly soluble in organic solvents and dissolves in aqueous sodium hydroxide and in 
sodium carbonate to a yellow solution ; reduction colour (Mg—HCl), yellow-brown, (Na—amalgam, 
acid), nil. Reaction with pyridine—acetic anhydride gave the acetate (IX; R = COMe), 
colourless needles (from pyridine), m. p. 272—274° (Found, in a specimen dried at 110° in 
vacuo: C, 67-2; H, 3-1. C,gH 0, requires C, 67:1; H, 31%). The methyl ether was prepared 
by refluxing (IX; R = H) in acetone with methyl sulphate—potassium carbonate for 18 hr. 
and was obtained from the acetone solution. It crystallised from pyridine—methanol in needles, 
m. p. 277—278° (Found, in a specimen dried at 110° im vacuo: C, 69-2; H, 3-6. C,,H yO; 
requires C, 69-4; H, 3-4%). 

5 : 7-Dihydroxy-3-methoxyflavone-2’-carboxylic Acid.—w-Methoxyphloracetophenone (3 g., 
1 mol.) was treated in pyridine (10c.c.) with 2-methoxycarbonylbenzoyl chloride (10 g., 3-3 mols.), 
and the product worked up as for the analogous #-methoxyresacetophenone ; after being washed 
in ethyl acetate solution (150 c.c.), the product was isolated as a pale yellow uncrystallisable 
gum (8-6 g., 88%). The presumed w-methoxy-2: 4 : 6-tri-(o-methoxycarbonylbenzoy]) phlor- 
acetophenone (8-6 g.), anhydrous potassium carbonate (15 g.), and pyridine (50 c.c.) were re- 
fluxed for 1 hr., and the residual solid was treated with acid. By solution in aqueous sodium 
carbonate and reprecipitation the product was obtained as a buff powder (3 g.) which by wasteful 
crystallisation from methanol and then from ethyl acetate afforded 5 : 7-dihydroxy-3-methoxy- 
flavone-2’-carboxylic acid as bright yellow prisms, m. p. 264—265° (Found, in a specimen dried 
at 110° in vacuo: C, 62-1; H, 4:2. C,,H,,O, requires C, 62-2; H, 3-7%). In alcohol it gavea 
green-brown ferric reaction; reduction colour (Mg-HCl), orange. Its solution in concentrated 
sulphuric acid was yellow with a very slight green fluorescence. 

5 : 7’ - Dihydroxychromono(3’ : 2’ - 3: 4)isocoumarin.—The dihydroxymethoxyflavonecarb- 
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oxylic acid (0-4 g.) of m. p. 262—263° was refluxed with acetic acid (5 c.c.) and hydriodic acid 
(10 c.c.; d 1-7) for 2 hr. and the crystalline product (0-3 g., 83%) collected from the cooled 
mixture. After being washed with water containing sulphur dioxide it was crystallised from 
pyridine-methanol; the dihydroxychromonoisocoumarin formed yellow elongated prisms, 
m. p. >350°, darkening slightly at 330° (Found, in a specimen dried at 110° in vacuo: C, 64-6; 
H, 2:9. C,,H,O, requires C, 64-9; H, 2:7%); light absorption: max. at 215, 270, 298, 330, 
and 358 mu; log «, 4-52, 4-32, 3-98, 4:02, and 3-97. Alcoholic solutions gave with ferric chloride 
a brown-green and with magnesium and hydrochloric acid a pink colour, and with sodium 
amalgam-—acid, nil. With pyridine—acetic anhydride the chromonoisocoumarin gave a 
diacetate, colourless rods, m. p. 252—253° (decomp.), from pyridine—ethyl acetate (Found, in a 
specimen dried at 110° in vacuo: C, 62-9; H, 3-6. C,9H,.O, requires C, 63-2; H, 3-2%). 

2 : 3-Dibenzyloxyanisole.—Pyrogallol 1-monomethyl] ether (50 g., 1 mol.) (Org. Synth., 1946, 
26, 90), potassium carbonate (160 g., 3-25 mols.), and acetone were refluxed for 28 hr. under 
coal gas during the gradual addition of benzyl chloride (135 g., 3 mols), and then for a further 
14 hr. The mixture was cooled, treated with water (700 c.c.), and extracted with ether (4 x 
200 c.c.). The ethereal solution was washed with 2N-sodium hydroxide (2 x 200 c.c.) and 
evaporated, and excess of benzyl chloride removed in steam. Distillation of the residue gave 
2 : 3-dibenzyloxyanisole as a colourless oil (88-5 g., 77:°5%), b. p. 210—212°/3 mm. (Found: 
C, 78-2; H, 6-2. C,,H,.O, requires C, 78:7; H, 6:3%). 

2 : 3-Dibenzyloxy-5-nitroanisole.—A solution of 2: 3-dibenzyloxyanisole (40 g.) in acetic 
acid (200 c.c.) was treated with nitric acid (25 c.c.; d 1-2), and 4 hours later a further similar 
quantity of acid was added. The pale yellow solid, consisting of 2 : 3-dibenzyloxy-5-nitroanisole 
(4-4 g., 96%), which separated overnight, crystallised from alcohol in colourless needles, m. p. 
94—95° (Found: C, 69-0; H, 5-5. C,,H,,0;N requires C, 69-0; H, 5-2%). 

2-Benzyloxy-6-methoxy-1 : 4-benzoquinone.—The acetic acid filtrate from the foregoing 
experiment was diluted with water and then neutralised with solid sodium carbonate. The 
spongy orange mass was collected and triturated with ether, whereupon the residue crystallised, 
and then separated from ethanol in yellow prisms (13-3 g., 44%), m. p. 142—-143°, consisting 
of 2-benzyloxy-6-methoxy-1 : 4-benzoquinone (Found: C, 68-7; H, 4:7; OMe, 12-9. C,,H,,0, 
requires C, 68-8; H, 5-0; OMe, 12-7%). The quinone dissolved in aqueous sodium hydroxide to 
a red-purple solution changed by the addition of zinc powder to yellow. 

2-Benzyloxy-6-methoxyquinol.—A mixture of 2-benzyloxy-6-methoxy-1 : 4-benzoquinone 
(10 g.) and zine dust (25 g.) in gently boiling alcohol was stirred with the addition during 2 hr. 
of sulphuric acid (20 c.c. of 25%). The hot solution was then filtered and the colourless 
2-benzyloxy-6-methoxyquinol (7 g., 70%) precipitated with sulphurous acid. It crystallised 
from benzene in glistening plates, m. p. 156—157° (decomp.) (Found: C, 67-7; H, 5-2; OMe, 
13-8. C,,H,,0,°OMe requires C, 68-3; H, 5-7; OMe, 12-6%). 

3-Benzyloxy-1 : 2: 5-trimethoxybenzene.—The above quinol (3-5 g., 1 mol.) was refluxed in 
acetone (100 c.c.) with methyl sulphate (4 g., 2:2 mols.) and potassium carbonate (5 g.) for 21 hr. 
under coal gas. The material isolated by evaporation of the filtered solution was dissolved in 
ether and washed with alkali. Distillation of the dried product gave 3-benzyloxy-1 : 2: 5-tri- 
methoxybenzene as a colourless oil (3-2 g., 82%), b. p. 190—200° (air-bath temp.) /1 mm. [Found : 
C, 69-9; H, 6-4. C,,H,O(OMe), requires C, 70-1; H, 6-6%]. 

2:3: 5-Trimethoxyphenol.—A solution of the benzyloxytrimethoxybenzene (1 g.) in alcohol 
was hydrogenated at room temperature and pressure with palladised charcoal (0-1 g.) as catalyst. 
The brown oil obtained by evaporation was dissolved in ether and shaken with 2n-sodium 
hydroxide. Acidification of the alkaline layer liberated an oil which distilled at 90—100 
(air-bath temp.) /1 mm. and solidified, the product (0-5 g., 74%) crystallising from light petroleum 
(b. p. 40—60°) in colourless prisms consisting of 2 : 3 : 5-trimethoxyphenol, m. p. 53—54° [Found : 
C, 58-4; H, 6-4; OMe, 50-8. C,H,O(OMe), requires C, 58:7; H, 6-6; OMe, 50-5%]. 


The investigations described in this and the preceding paper (Part XIX) were carried out 
during the tenure (by P. J. S.) of a Maintenance Allowance from the Department of Scientific 
and Industrial Research. 
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Kinetics of the Acid and Alkaline Hydrolysis of Ethoxycarbonyl- 
methyliriethylammonium Chloride. 


By R. P. Bett and F. J. Linpars. 
[Reprint Order No. 5501.] 


Kinetic measurements are reported on the acid and alkaline hydrolysis 
of ethoxycarbonylmethyltriethylammonium chloride CO,Et-CH,’NEt,}Cl, at 
40° and 25° respectively. The former measurements involved titration and 
dilatometry, while the latter employed the thermal maximum method 
previously developed for the fast reactions. The observed velocities are 
compared with those for the hydrolysis of ethyl acetate, and it is concluded 
that the effect of the charge upon the reaction velocity and upon 
the parameters of the Arrhenius equation can be accounted for semi- 
quantitatively by a simple electrostatic treatment. 


THE introduction of a quaternary ammonium group into an ester molecule represents the 
extreme case of an electron-attracting substituent. There is ample evidence that the 
effect of such a substituent is to retard acid hydrolysis, and to accelerate alkaline hydrolysis, 
but little quantitative work has been done. Nielsen (J. Amer. Chem. Soc., 1936, 58, 206) 
studied the alkaline hydrolysis of ethoxycarbonylmethyltriethylammonium iodide 
EtO,C-CH,’NEt,}I at 20°, finding it to be very fast and to exhibit the expected negative 
salt effect. Bell and Waind (/J., 1950, 1979) made more accurate measurements on the 
same reaction at 0°, and in particular investigated the retarding effect of certain metallic 
cations. Walker and Owens (J. Amer. Chem. Soc., 1952, 74, 2547) report semi- 
quantitative measurements of the rate of hydrolysis of the cyclohexyl compound 
C,H,,0°CO-CH,*N Me,}Cl by both acid and alkali, finding the former to be extremely slow. 
The present paper describes kinetic measurements on the hydrolysis of ethoxycarbonyl- 
methyltriethylammonium chloride CO,Et-CH,*NEt,}Cl by acid at 40° and by alkali at 25°. 
The latter measurements needed a special technique for studying fast reactions, and the 
results can be combined with those of Bell and Waind (loc. cit.) at 0° to obtain an energy of 
activation. While the work was in progress measurements were published by Butterworth, 
Eley, and Stone (Biochem. J., 1953, 53, 30) on the acid and alkaline hydrolysis of acetyl- 
choline iodide AcO-CH,°CH,*NMe,}I (in which the quaternary group is in the alcohol 
rather than in the acid) over a range of temperatures, and also by Nilsson (Svensk Kem. 
Tidskr., 1953, 65, 213) on the same reaction at 20°. These measurements will be discussed, 
together with our own, in the final section of the paper. 


EXPERIMENTAL 


Ethoxycarbonylmethyltriethylammonium chloride (referred to subsequently as “‘ ester ’’) 
was prepared by refluxing equivalent quantities of ethyl chloroacetate and triethylamine, 
diluted with an equal volume of benzene, for 7hr. The solid separating was washed with ether, 
dried over phosphoric oxide, and recrystallized from acetone, then having m. p. 126°. In an 
alternative preparation the ingredients, diluted with a little ether, were left for 3 weeks at room 
temperature and the washed solid was used without recrystallization. Analyses for chloride 
content and by hydroxyl ions used up in alkaline hydrolysis gave purities of 99—101% for 
three samples. 

All the kinetic measurements on acid hydrolysis were carried out at 40°, and two methods 
were used for following the reaction. In the first, the acid produced by the reaction 
*NEt,°CH,’CO,Et + H,O —» *NEt,°CH,°CO,H + EtOH was estimated by titration with 
aqueous ammonia, methyl-red being used as an indicator. The acid produced has a pK of 
about 2 (cf. Gustaffson, Ber., 1944, 77, 66) and is therefore titrated completely under these 
conditions, while the solution does not become sufficiently alkaline during titration to cause 
appreciable hydrolysis of the unchanged ester. However, this method of following the reaction 
is not very satisfactory since a high concentration of catalyst acid is needed to produce a 
reasonable reaction velocity, and the change of titre is therefore small unless very concentrated 
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solutions of ester are used. Five experiments were carried out with an ester concentration of 
1 mole per 1000 g. of solution, and hydrochloric acid in the range 1—5 molal. The results are 
shown in Table 1. 


TABLE 1. Acid hydrolysis at 40°. 


k = first-order velocity constant (sec.~). 
Concentrations are in moles/1000 g. of solution. 
Results obtained by the analytical method are marked with an asterisk. 


0-972 1-48 2-08 2-08 2-44 2-79 2-94 3°35 
0-982 0-101 0-095 0-968 0-101 0-092 0-986 0-100 
127" 13-5 17-7 29* 26 28 42* 40 

379 456 481 486 4-91 510 538 5:69 
1-046 0-096 0-094 0-929 0-982 0-195 0-094 0-096 
60* 68 73 107* 126 76 86 100 

More satisfactory results were obtained by a dilatometric method. The reaction is 
accompanied by a contraction of about 0-9 c.c. per mole of ester, and it was therefore possible to 
work with an ester concentration of 0-1m. In one experiment ten times this concentration was 
used for comparison with the titration experiments. The dilatometers used had a capacity of 
about 100 c.c. and capillaries of cross-sections between 0-1 and 0-3sq.mm._ Since the duration of 
the experiments was between 4 and 30 days, the dilatometers were sealed off and the solutions 
de-gassed before use. The reaction followed a first-order course and velocity constants were 
obtained graphically by Guggenheim’s method (Phil. Mag., 1926, 2, 588). The results obtained 
by both methods are given in Table 1. 

Table 1 shows that the value of k/[HCl] increases markedly with an increase of either [HCI] 
or [ester]. Since both of these concentrations contribute to the ionic strength, this is 
qualitatively what would be expected for a reaction between two positively charged ions. For 
comparison with other data it would be desirable to extrapolate to zero ionic strength, but the 
concentrations involved are of course much too high for any theoretical treatment of the salt 
effect to be valid: however, it is possible to make a rough graphical extrapolation by using the 
theoretical prediction that in very dilute solutions the plot of log,, {/[HCI]} against I* (where J 
is the ionic strength) should have a slope of unity. This leads to a value of about 
(1-4 + 0-7) x 10-7 1. mole sec.“1 for the catalytic constant of the hydrogen ion at infinite 
dilution. 

The kinetics of the alkaline hydrolysis were investigated at 25°. The half-times of the 
reactions studied ranged from 7 sec. (for a second-order reaction with each reactant 0-004m) 
down to 0-2 sec. for the reaction of ester with an excess of 0-2mM-sodium hydroxide. These rapid 
reactions were studied by the thermal maximum method devised by Bell and Clunie (Proc. Roy. 
Soc., 1952, A, 212, 16), using a platinum vessel and a single thermocouple with amplifier as 
described by Bell, Gold, Hilton, and Rand (Discuss. Faraday Soc., 1954,inthe press). The reaction 
was started by breaking a bulb containing 0-2—0-7 g. of 1m-ester solution into 50 c.c. of sodium 
hydroxide solution of appropriate strength; separate experiments showed that the heat of 
dilution of the ester solution is negligible. The heat of reaction is about 15 kcal./mole, so that 
the temperature changes produced are ample for the purpose. 

In one series of experiments sodium hydroxide was present in at least five-fold excess, so 
that the reaction followed approximately a first-order course. The results obtained are given 
in Table 2. These results were used to obtain T, (the temperature change under adiabatic 
conditions) by extrapolation, using the empirical equations given by Bell, Gold, Hilton, and 
Rand (loc. cit.). A slight modification is necessary for this reaction between two ions on account 
of the primary salt effect; although this is large, it can be predicted with reasonable certainty 
over the range of ionic strengths which we have used. In the experiments recorded in Table 2 
the first-order velocity constant will be proportional to [OH~]f, f_ rather than to [OH™], and f, f_ 
can be estimated from the equation 


ae se ee ee 

The appropriate equations for extrapolation then become : 
Tm/To = 0-875{k,/k°f,f [OH-]# +1181 . . . . . (2a) 
T,/Te = {ka/k°f, f [OH-]}¥ + 1337. . . « « (28) 


where &° is the second-order velocity constant at zero ionic strength. With the exception of 
the value for [OH~] = 0-2, which lies outside the range of applicability of the empirical equations 
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(2a and b), the values of T,, in Table 2 give good straight lines when plotted against either 
{(OH-]f, f_}-4 or {[(OH-]f, f_}-#. The values of 7, derived from equations (2a and b) respectively 
were 113, 114 mm. of deflection per millimole of ester, and T, = 113-5 was used in subsequent 
calculations. 


TABLE 2. Reaction of ester with an excess of sodium hydroxide at 25°. 


[NaOH] = mean concentration during experiment in moles/1. 

Values of T,, represent the mean of at least two experiments. 

T, = 113-5 mm./millimole. 

k, = 0-066, sec. R in 1. mole sec."?. 
[NaOH] T7n/T, k[NaOH]/A, k k° [NaOH] T,,/T, k[NaOH]/A, 
0-0090 0-613 3-6 34 0-031 0-780 10-2 
0-0113 0-633 4-7 34 0-047 0-832 16 
0-0150 0-700 6-0 35 0-200 0-920 48 
0-022 0-699 6-0 25 


Mean k° = 33. 


The value of k° can be determined from the slope of the extrapolation plots, and equations 
(2a and b) give respectively k° = 32 and 31 1. mole sec.1. Alternatively we can apply the 
exact equation T,,/Ty = (k,/k_)*s/@:— *) (cf. Bell and Clunie, loc. cit.) to the individual measure- 
ments, the first-order constant k, being equal to k[NaOH]. The second-order constants # thus 
obtained are given in the fourth and ninth columns of Table 2, and are converted into the values 
of k° in the fifth and last columns by the relation k°f, f_ =k. It is noteworthy that the fastest 
reaction (0-20mM-NaOH, half-time ca. 0-2 sec.), which lies outside the range of the empirical 
expressions (2a and b), nevertheless gives a value of k° in good agreement with the other 
experiments. 

Another set of experiments (slower and therefore probably more accurate) employed equal 
concentrations of ester and sodium hydroxide. The results are given in Table 3, and the values 
of ka/k, were calculated from T,,/T, by the relation already derived (equation 9 of Bell and 
Clunie, Joc. cit.). In obtaining k° from & by means of equation (1) it must be remembered that 
the ionic strength decreases during the reaction, and it is easily shown that when the temperature 
maximum is reached at time #,, this decrease is : 


Riess fReNy | REAY 2 oe ws lw! UU CO ly 


In applying equation (1) the mean ionic strength was taken as ] = a — 3AI. The mean value 
of k° thus obtained is 31 1. mole“ sec.1, compared with 32, 31, and 33 obtained above; the 
overall mean is k = 32 1. mole sec.*1. 


TABLE 3. Reaction between equal concentrations of ester and sodium hydroxide at 25°. 

a = initial concentration of either reactant in moles/1. 

[, = 113-5 mm./millimole. k, = 0-066, sec. 

k in 1. mole sec.“}. 

The values of T,, represent the mean of at least two experiments. 
Failte halk, k k° 104a Tm/T 9 
0-338 1-49 29 98 0-451 
0-361 1-77 5 30 98 0-470 
0-380 2-02 , 32 110 0-480 
0-408 2°44 36 120 0-489 
0-406 2-42 2 32 136 0-500 
0-430 2-87 2 34 153 0-500 
0-441 3-11 é 32 

Mean & oh. 


DISCUSSION 


By comparing the results obtained here for the hydrolysis of ethoxycarbonylmethyl- 
triethylammonium chloride with those for ethyl acetate at the same temperature (as given 
in International Critical Tables) it is found that the introduction of the group *NEt, 
increases the rate of alkaline hydrolysis 200-fold, and decreases that of acid hydrolysis 
2000-fold. This is, of course, what would be expected qualitatively in view of the charge 
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on the ions OH~ and H*. Ona simple electrostatic picture the effect of the charge would 
be to multiply the reaction ‘Velocity by a factor exp (-| e*/DakT), where D is the dielectric 
constant and a the distance between the two charges in the transition state. If we take 
D = 80 our measured velocity ratios correspond to a = 1:3 x 10-8 and 0-9 x 10-8 cm. for 
alkaline and acid hydrolysis respectively. These distances are rather small, but more 
plausible values can be obtained by using a smaller value of D, as is reasonable in this 
type of problem (cf. Ingold, “‘ Structure and Mechanism in Organic Chemistry,’’ Cornell 
Univ. Press, New York, 1953, p. 729). It is not worth while to refine this electrostatic 
treatment further, especially as the hydrolysis of esters can take place by a variety of 
mechanisms (cf. Day and Ingold, Trans. Faraday Soc., 1941, 37, 686). It has recently 
been suggested (Cohen and Corwin, J. Amer. Chem. Soc., 1953, 75, 5880) that the hydrolysis 
of betaine esters (unlike that of ordinary esters) involves alkyl-oxygen fission, but the 
evidence presented shows only that this type of fission can take place, and not that it is 
the dominant mechanism in ordinary hydrolysis. In any case the presence of a net charge 
on the ester will be the major factor in modifying the reaction velocity, and our results are 
not useful in deciding the finer points of mechanism. 

By combining our velocity constant for alkaline hydrolysis at 25° with that of Bell and 
Waind (loc. cit.) at 0° (4:5 1. mole"! sec. at zero ionic strength) we find 12-7 kcal./mole for 
the activation energy. It is at first sight surprising that this energy is greater than the 
activation energy of the much slower hydrolysis of ethyl acetate (11-7 kcal./mole : 
cf. International Critical Tables). However, this in fact would be expected on a simple 
electrostatic picture. If the ratio of the rates for the charged and the uncharged ester is 
given by k*/k = exp(e/DakT), then the difference in the measured activation energies 
will be : 


E* EF = rTAdin(et/ayaT = —NE 1 4 FO 
/ Da 1 


D arf 4) 
The expression in parentheses has a negative value for aqueous solutions, and hence 
E* > E, as observed. On inserting the numerical values in (4), with a = 1:3 x 10°8, we 
find E* —E =0-9 kcal./mole: the close agreement with experiment is probably 
fortuitous. Another way of stating the same thing is to say that the collision factor for 
the cationic ester is about 107% times as great as that for ethyl acetate. It has of course 
been pointed out many times (see, e.g., Moelwyn-Hughes, Proc. Roy. Soc., 1936, A, 155, 
308) that a reaction between oppositely charged ions will have an abnormally high collision 
factor, but this appears to be the first quantitative comparison for charged and uncharged 
reactants of similar structure. 

Butterworth, Eley, and Stone (loc. cit.) have come to similar conclusions about the 
rates and the parameters of the Arrhenius equation for the hydrolysis of acetylcholine 
iodide, though the effect of the positive charge is much smaller than in the present work ; 
this is reasonable, since the quaternary group in acetylcholine is further removed from 
the scene of reaction. However, it should be remarked that the data of Butterworth, 
Eley, and Stone show no signs of the large kinetic salt effect which would be expected for a 
reaction between two ions and has been observed in our own measurements on ethoxy- 
carbonylmethyltriethylammonium chloride. Nilsson’s measurements (loc. cit.) on the 
alkaline hydrolysis of acetylcholine at a single temperature do show such a salt effect, and 
his velocity constants differ by a factor of two from those of Butterworth, Eley, and Stone 
at the same temperature. It appears, therefore, that further investigation of this reaction 
is desirable. 
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Synthetic Experiments in the cycloHeptatrienone Series. Part IV.* 
3-Hydroxytropone. 
By R. B. Jouns, A. W. JoHNson, and M. TISLER. 
[Reprint Order No. 5652.] 


3-Hydroxytropone has been synthesised by three methods, and its 
physical and chemical properties have been compared with those of tropone 
and tropolone. A previous claim to have prepared isostipitatic acid has been 
disproved and the preparation of the authentic compound is described. 


CONSIDERABLE experimental evidence has now accumulated to substantiate Dewar’s pre- 
diction (Nature, 1945, 155, 50) that tropolone would have aromatic character (review : 
Johnson, J., 1954, 1331). This feature has been associated with the cycloheptatrienylium 
cation as expressed in the resonance hybrid (I; R = OH), which as it contains 6z-electrons 
in the ring fulfils an important condition required by theory for aromatic rings (cf. Doering 
and Knox, J. Amer. Chem. Soc., 1954, 76, 3203). Tropone (cycloheptatrienone) (I; R = H) 
has also been prepared (Dauben and Ringold, J. Amer. Chem. Soc., 1951, 78, 876; Doering 
and Detert, zbid., p. 876; Nozoe, Kitahara, Ando, Masumune, and Abe, Sci. Rep. Tohoku 
Univ., 1952, 36, 166; see also Biichi, Yang, Emerman, and Meinwald, Chem. and Ind., 
1953, 1063; Van Tamalen and Hildahl, 7. Amer. Chem. Soc., 1953, 75, 5451) and, as the 
cycloheptatrienylium cation is also present in this simplified structure, a comparison of 
the aromatic character of tropone and tropolone is of theoretical interest. Tropone can be 
readily brominated and aminated (by hydroxylamine) in position 2 but it is less stable than 
tropolone towards heat and alkali. It thus appears that in tropolone the five-membered 
hydrogen-bonded ring involving the carbonyl] and the 2-hydroxy! group makes a significant 
contribution to its stability. 

The isomers of tropolone, 7.e., 3- and 4-hydroxytropone, are as yet unknown and 
their properties would clearly be of importance for a discussion of the degree of aromatic 
character in seven-membered ring systems. The present paper deals with the preparation 
of 3-hydroxytropone (II), for which the ring expansion of resorcinol dimethyl ether with 
diazoacetic ester, known to give 3 : 5-dimethoxycycloheptatrienecarboxylic acid (III, or a 
double bond isomer) (Johns, Johnson, and Murray, J., 1954, 198), provided a starting point. 

sromination of the acid (III) in acetic acid caused replacement of the carboxyl group as 
well as nuclear substitution, and 2:5: 7-tribromo-3-hydroxytropone (IV; R = Br) 
was obtained in 73% yield. The structure of this compound was proved by the following 
sequence : reaction with sodium methoxide replaced the 5- and the 7-bromine atom by 
methoxyl to give the ether (IV; R = OMe), the 2-bromine atom being more resistant to 
substitution because of steric hindrance although this was not sufficient to prevent hydro- 


=. O MeO O. Br O 
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genolysis which gave 6-hydroxy-2 : 4-dimethoxytropone (V). Acid hydrolysis of (V) gave 
4: 6-dihydroxytropolone and alkaline rearrangement yielded 3: 5-dihydroxybenzoic 
acid, thus confirming the structure of (V) and providing strong support for the orientation 
of the bromine atoms in the tribromo-3-hydroxytropone. 

Hydrogenolysis of 2:5: 7-tribromo-3-hydroxytropone (IV; R = Br) proved very 
difficult to regulate without causing simultaneous reduction of the tropone ring, but by 
use of a palladium catalyst partly poisoned by the addition of lead acetate a small yield 
of 3-hydroxytropone (II) (isolated as its crystalline picrate) was obtained, together with a 
little bromo-3-hydroxytropone. The bromine in this compound is probably in the 5-position 
as it differed from the possible isomeric bromo-compounds, which were also prepared in 
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this work. Regeneration of 3-hydroxytropone from its picrate was effected conveniently 
with Dowex 2 ion-exchange resin. A more convenient synthesis of 3-hydroxytropone from 
3: 5-dimethoxycycloheptatrienecarboxylic acid (III) involved decarboxylation and sub- 
sequent bromine oxidation of the 3: 5-dimethoxycycloheptatriene to 3-methoxytropone 
which was also purified through its crystalline picrate. Hydrolysis of 3-methoxytropone 
with hydrogen bromide gave 3-hydroxytropone in overall yields of up to 75% from 3 : 5-di- 
methoxycycloheptatriene. A small quantity of 2-bromo-5-hydroxytropone was also 
isolated from the product, the orientation of the bromine atom being proved by X-ray 
analysis (Mr. T. R. MacDonald, personal communication). 

In another investigation, a third route to 3-hydroxytropone was discovered. The 
crude ester from the reaction of veratrole with diazoacetic ester (Bartels-Keith, Johnson, 
and Taylor, J., 1951, 337), on treatment with bromine, gave tropolone-4-carboxylic 
ester together with an acid, m. p. 149°, isomeric but not identical with any of the tropolone- 
carboxylic acids. It has now been proved that this acid is a 3-hydroxytroponecarboxylic 
acid and the only isomer which can be obtained from veratrole by a logical sequence is the 
2-carboxylic acid (VII), presumably with the intermediate formation of a dimethoxy- 
cycloheptatrienecarboxylic ester such as (VI) or a double-bond isomer. 

MeO CO,Et 
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The reaction of diazoacetic ester at two substituted positions in a benzenoid compound 
seems to be peculiar to veratrole among the o-disubstituted benzenes which have been 
studied. Normally diazoacetic ester reacts with an unsubstituted double bond in the 
aromatic nucleus although a few cases of ring expansion of benzenoid compounds containing 
no unsubstituted o-positions by means of this reagent have been reported (e.g., Buchner, 
Ber., 1920, 58, 869; Plattner et al., Helv. Chim. Acta, 1949, 32, 2137, 2452, 2464). Fraction- 
ation of the crude reaction mixture from veratrole and diazoacetic ester gave the crystalline 
ester (VI) which yielded the corresponding acid and, on oxidation with bromine, 3-hydroxy- 
tropune-2-carboxylic acid, identical with the product obtained earlier. Hydrogenation 
of the ester (VI) gave ethyl 2 : 7-dimethoxycycloheptanecarboxylate, and decarboxylation 
of the acid corresponding to (VI) gave 1 : 3-dimethoxycycloheptatriene, identified by 
oxidation with bromine to 3-methoxytropone. 

3-Hydroxytropone is an almost colourless crystalline solid. When it is compared with 
tropolone many of the marked differences in its physical properties (cf. Table) can be 


Comparison of physical properties of tropolone, tropone, and 3-hydroxytropone. 
Tropolone } Tropone ? 3-Hydroxytropone 
M. p. 49° —8° to —5 179—180° 
pk, 6-7 <- tie 
Colour of anion Intense yellow -- Colourless 
Volatility Sublimes at 3. p. 113°/15 mm Sublimes slowly 
100°/150 mm. at 140°/0-1 mm 
Ferric reaction Green — —- 
Solubility in non-polar solvents Soluble Moderately Insoluble 
soluble 
Max. (my) in u.v. spectrum 228, 237, 303 (infl.), 225, 228, 231, 247, 255, 298, 
320, 351 (EtOH) 239, 312 (H,O) 309 (EtOH) 
Max. (my) in u.v. spectrum (0-1IN-NaOH) = 234, 330, 393 — 257, 267, 295, 304 
Principal max. in i.r. spectrum (1650— 1615, 1553, 1475, 1638, 1582, 15: 1647, 1587, 1550, 
1150 cm.) 1440, 1255 1475, 1225, 1% 1515, 1477, 1443, 
1258, 1230, 1196 
1 Doering and Knox, J. Amer. Chem. Soc., 1951, 78, 828; Koch, J., 1951, 513. 2 Dauben and 
Ringold; Doering and Detert, locc. cit. 


ascribed to the lack of hydrogen bonding. The pK, value of 5-4 for 3-hydroxytropone 
recalls that of dihydroresorcinol (pK, 5:25; Schwarzenbach and Lutz, Helv. Chim. Acta, 
1940, 23, 1162), and both compounds could be regarded as monoenolic forms of cyclic 
8-diketones. Phenol on the other hand has pK, 10-0. The intensity of absorption of the 
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principal band in the ultra-violet spectrum of 3-hydroxytropone (log e 4:51 at 247 mu, 
4-41 at 255 my) is even greater than that of tropolone log ¢ 4-33 at 225 my) and it appears 
that introduction of a $-hydroxy-group into the tropone molecule has a greater effect on 
the ultra-violet absorption spectrum than does an «-hydroxyl group. A similar effect has 
been noted with the carboxylic acids : 
Tropone-4-carboxylic acid 233 my; log ce 4-41 
2-Hydroxytropone-4-carboxylic acid ? 244—246 my; log e 4-49 
6-Hydroxytropone-4-carboxylic acid ® 254 mu; log ¢ 4-40 
1 Bartels-Keith, Johnson, and Langemann, /., 1952, 4461. * Bartels-Keith, Johnson, and Taylor, 
loc. cit. * This paper. 


The infra-red spectrum of 3-hydroxytropone, when determined on a mull in Nujol, provides 
evidence for strong intermolecular bonding in the solid state. Thus there is no distinct 
absorption in the hydroxy] region and the intensity of the band at 1647 cm."}, ascribed to 
the carbonyl group, greatly increases when the spectrum is measured on a solution in 
chloroform. 

Apart from the methods of preparation from resorcinol dimethy] ether and from veratrole 
the evidence for the structure of 3-hydroxytropone has been derived from consideration 
of its physical and chemical properties. Like tropolone and tropone it exhibits basic 
properties and forms a crystalline hydrobromide and picrate. The presence of the hydroxyl 
group is substantiated by the formation of methyl ethers produced with diazomethane 
from both 3-hydroxytropone and its tribromo-derivative (IV; R= Br). However an 
examination of the bromination of 3-hydroxytropone has placed its structure on a secure 
basis. Even in the presence of excess of bromine the main product is a monobromo- 
derivative which is the 2-bromo-compound because of the combined directive influence of 
the two oxygen atoms. 2-Bromo-3-hydroxytropone has been prepared by another method 
by Seto (Sci. Rep. Téhoku Univ., 1953, 37, 377). Its X-ray analysis confirmed conclusively 
the relative positions of the bromine and two oxygen atoms in the seven-membered ring 
(T. R. MacDonald, personal communication) and showed that the two carbon—oxygen 
bonds can be differentiated. Acid hydrolysis yields 3-hydroxytropolone, m. p. 136—137°, 
which gives salicylic acid on fusion with potassium hydroxide. 3-Hydroxytropolone 
has been reported as having m. p. 1836—137° (Nozoe, Seto, Ito, Sato, and Katono, zbid., 
p. 191) and 244° (Abadir, Cook, Loudon, and Steel, /., 1952, 2350). The compound of 
m. p. 136—137° was prepared by Nozoe et al. (loc. cit.) together with the known 5-hydroxy- 
tropolone, also of m. p. 244°, by the persulphate oxidation of tropolone, and the following 
transformations leading to o-chlorobenzoic acid were adduced in support of the structure : 
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The British claim to have prepared 3-hydroxytropolone involved the interaction of 
potassium hydroxide and 3-bromotropolone, the structure of which is in no doubt. Nozoe, 
Kitahara, and Masumune (Proc. Japan Acad., 1951, 27, 649) had already studied this 
reaction and obtained a hydroxytropolone of m. p. 226—227° which was originally thought 
to be the 3-hydroxy-compound but later (Nozoe, Seto, Ito, Sato, and Katono, Joc. cit. ; 
Nozoe and Kitahara, Proc. Japan Acad., 1954, 30, 204) was shown to be 4-hydroxytro- 
polone, 7.e., the decarboxylation product of stipitatic acid for which Birkinshaw, Chambers, 
and Raistrick (Biochem. J., 1942, 36, 242) give m. p. 227—228°. A minute amount of 
the authentic 3-hydroxytropolone has been isolated from the potassium hydroxide- 
3-bromotropolone reaction by Nozoe and Kitahara (loc. cit.). 

The formation of 4-hydroxytropolone from 3-bromotropolone recalls the commercial 
production of m-cresol from o- or f-chlorotoluene with sodium hydroxide (Shreve and 
Marsel, Ind. Eng. Chem., 1946, 38, 254) and is an example of the so-called aromatic cine- 
substitutions (e.g., Bunnett and Zahler, Chem. Reviews, 1951, 49, 273; Roberts, Simmons, 
Carlsmith, and Vaughan, J. Amer. Chem. Soc., 1953, 75, 3290). The ease of formation 
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of the postulated ‘‘ acetylenic ’’ intermediates may be greater in the tropone series because 
of the decreased steric strain. 

The nature of the yellow product, m. p. 244°, which gives salicylic acid on alkaline re- 
arrangement as reported by Abadir e¢ al. is stillunknown. From the hydrolysis of 3-bromo- 
tropolone with hydrochloric acid—acetic acid we have obtained 3-hydroxytropolone, m. p. 
136—137°, identical with the product obtained from 2-bromo-3-hydroxytropone by 
acid hydrolysis. Hydrolysis of 3-bromotropolone with hydrogen bromide in aqueous 
acetic acid gave tropolone (cf. Doering and Knox, Abs. 123rd Meeting Amer. Chem. Soc., 
1953, p. 8M). 

The alkaline rearrangement of 3-hydroxytropone and its 2-bromo-derivative presented 
some interesting features. Treatment of 2-bromo-3-methoxytropone with sodium methoxide 
gave o-methoxybenzoic acid as expected but 2-bromo-3-hydroxytropone and 3-methoxy- 
tropone were unchanged after similar reactions. As with tropone itself, considerable 
decomposition of 3-hydroxytropone occurred during fusion with potassium hydroxide 
but reaction at 300° gave «-resorcylic acid, oxalic acid, and a very small quantity of 
(probably) m-hydroxybenzoic acid, but no salicylic acid. The hydroxybenzoic acids are 
not hydroxylated when fused with potassium hydroxide at 300°, and to explain the 
formation of «-resorcylic acid an initial hydroxylation of the seven-membered ring at the 
5-position must be postulated. Such hydroxylations during potassium hydroxide fusions 
are well-known with benzenoid compounds, especially those containing electron-attracting 
groups (cf., e.g., Bradley, Chem. and Ind., 1954, 631). Further oxidation involving ring 
fission could account for the formation of oxalic acid. Attack by hydroxyl at C,,) and 
expulsion of a hydride ion from C;,) from the presumed 3 : 5-dihydroxytropone intermediate 
in the usual manner lead to «-resorcylic acid although the possibility of a tropolone inter- 
mediate (7.e., hydroxylation at C;z, as well as C;;)) must not be overlooked. 

CO,H 
| | 
7OH 
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As in the tropolone series the ease of alkaline rearrangement of tropones is largely 
dependent on the nature of the substituents. The resistance of 3-hydroxytropone to 
rearrangement should be contrasted with the ease of formation of terephthalic acid 
from tropone-4-carboxylic acid in alkali at room temperature (Bartels-Keith, 
Johnson, and Langemann, Joc. cit.). In the alkaline rearrangement of a tropone, the 
hydride ion can be expelled either from Cig) (with C.-C; fission) or from C,4) (with Cc)—Cr) 
fission). In the examples studied so far it is the hydrogen attached to the more positive 
(or less negative) centre which is expelled, 7.e., that from C,,) in both 3-hydroxytropone 
and tropone-4-carboxylic acid. When the effects of hydroxy- and carboxy-substituents are 
opposed, ¢.g., in 3-hydroxytropone-5-carboxylic acid (3-hydroxy-4-oxocycloheptatriene- 
carboxylic acid; XII, see below) the effect of the hydroxy-group predominates and the 
product of rearrangement is 5-hydroxyisophthalic acid. 
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Fusion of 2-bromo-3-hydroxytropone (VIII) with potassium hydroxide at 300° also 
gave «-resorcylic acid and oxalic acid, as well as a little 3-hydroxytropolone and (probably) 
m-hydroxybenzoic acid. A closely related case is the rearrangement of bromostipitatic 
acid (IX) to 5-hydroxytsophthalic acid on fusion with alkali (Birkinshaw, Chambers, and 
Raistrick, loc. cit.) although under slightly milder conditions puberulic acid is obtained 
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(Johns, Johnson, and Murray, Joc. cit.). It is probable that with 2-bromo-3-hydroxy- 
tropone initial dehalogenation occurs and that the reaction then proceeds as outlined above 
for 3-hydroxytropone. #-Chlorophenol, for example, gives appreciable amounts of phenol 
by vigorous reaction with sodium hydroxide, and the resorcinol which is also obtained 
may well be derived by hydroxylation of phenol (Fierz-David and Stamm, Helv. Chim. 
Acta, 1942, 25, 364). 

Substitution reactions of 3-hydroxytropone other than bromination will be reported in a 
later paper. 

isoStipitatic Acid. A Correction.—The widespread use of the benzilic acid type of 
alkaline rearrangement of tropolones and their derivatives to benzenoid compounds for 
assignment of structure (Johnson, /., 1954, 1331) necessitates the assumption that sub- 
stituent groups retain their relative positions in the ring during the reaction. Apart from 
nucleophilic substitutions (including cine-substitutions), no exceptions to this rule have 
been substantiated (cf., e.g., Doering and Sayigh, J. Amer. Chem. Soc., 1954, 76, 39); one 
apparent anomaly is the rearrangement of derivatives of ¢sostipitatic acid to 5-hydroxy- 
isophthalic acid (Johns, Johnson, and Murray, Joc. cit.). Re-examination of the reactions 
leading to the alleged isostipitatic acid has shown that certain of the intermediates were 
orientated incorrectly. The compound believed to be 4-bromo-3-methoxy-5-oxocyclo- 
heptatrienecarboxylic acid, prepared by the bromination of 3 : 5-dimethoxycyclohepta- 
trienecarboxylic acid in chloroform, is the 6-bromo-compound (X) as hydrolysis with 
hydrochloric acid and acetic acid gives stipitatic acid (XI). The course of this nucleo- 
philic displacement depends on the experimental conditions, for the intermediate carbonium 
ion can either react with hydroxyl to give stipitatic acid or (when a rather greater concen- 
tration of acid is used) can rearrange to a benzenoid intermediate before recombination, 
the product being 5-hydroxyisophthalic acid. This type of ring contraction under acid 
conditions recalls the formation of salicylic acids on decomposition of diazonium salts 
of 3-aminotropolones (Haworth and Jefferies, 7., 1951, 2067; Nozoe et al., J. Amer. Chem. 
Soc., 1951, 78, 1895; Proc. Japan Acad., 1951, 27, 282, 565). Rearrangement of the 
acid (X) or its ester with methanolic potassium hydroxide (Part III; Joc. cit.) gives 
5-methoxyzsophthalic acid with a little of the isomeric O-methylstipitatic acid, and rearrange- 
ment of (X) by fusion with potassium hydroxide gives 5-hydroxyzsophthalic acid. In 
common with all other troponecarboxylic acids which we have prepared, and unlike the 
tropolonecarboxylic acids (e.g., Haworth and Hobson, /., 1951, 561), the acid (X) was 
resistant to decarboxylation. 
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Bromination of 3: 5-dimethoxycycloheptatrienecarboxylic acid in acetic acid gave 
3-hydroxy-5-oxocycloheptatrienecarboxylic acid (XII; R = H) in good yield and this on 
further bromination yielded 4-bromo-3-hydroxy-5-oxocycloheptatrienecarboxylic acid 
(XII; R= Br) (cf. the bromination of 3-hydroxytropone). Acid hydrolysis of (XII; 
R = Br) gave authentic isostipitatic acid (XII; R= OH), m. p. 282°, which yielded 
2-hydroxyterephthalic acid with potassium hydroxide at 300°. isoStipitatic acid gave a 
green ferric derivative and with sodium hydroxide a yellow colour which, although more 
intense than that of solutions of the stipitatic acid anion, was not so marked as that 
of the salts of puberulic acid. In the 300—400 my region the acid showed the sharp 
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bands considered characteristic of 3-hydroxytropolones (Nozoe, Seto, Sato, and Katono, 
Sct. Rep. Téhoku Univ., 1953, 37, 191) but otherwise the ultra-violet and the infra-red 
spectrum of isostipitatic acid strongly resembled those of stipitatic acid and tropolone- 
4-carboxylic acid (Bartels-Keith, Johnson, and Taylor, loc. cit.) (see Table). 
isoStipitatic Stipitatic Tropolone-4-carb- 
acid acid oxylic acid 
Max. (cm.) in i.r. spectrum (Nujol 1287, 1506, 1534, 1285, 1480, 1570, 1272, 1468, 1530, 
mull 1623, 1704 1615, 1700 1605, 1770 
Max. (mu) in u.v. spectrum (95% 252, 340, 373, 261—264, 361—362 244—246, 324—325, 
385 (infl., 368—369, 367—369 
388—390) 


ethanol 


EXPERIMENTAL 

Unless otherwise stated, ultra-violet spectra were determined in 95% EtOH, and infra-red 
spectra on Nujol mulls. 

2:5: 7-Tribromo-3-hydroxytropone.—To a solution of 3: 5-dimethoxycycloheptatriene- 
carboxylic acid (1 g.; Johns, Johnson, and Murray, Joc. cit.) in glacial acetic acid (10 c.c.) 
and water (2 c.c.) at 0° bromine (1 c.c.) was added dropwise and, after slight warming to dis- 
solve any bromine complex precipitated, the solution was set aside at room temperature for 15 
min., then diluted to 50 c.c. with water and kept at 0° for 24 hr. The aqueous layer was de- 
canted from any precipitated material (A) and concentrated under reduced pressure, any solid 
material being collected as it was formed. More water was added to the residue and the process 
repeated. Meanwhile the precipitate (A) was dissolved in aqueous acetone, and the acetone 
slowly evaporated on the steam-bath. Hydrogen bromide was evolved and needles of 2: 5: 7- 
trvibvomo-3-hydroxytropone were obtained. All the solid fractions were then combined and 
crystallised from methanol, to give the product as pale yellow needles (1-35 g.), m. p. 222° 
(decomp.). In another experiment the material (A) was not separated, but the mixture was 
concentrated and cooled as before. Any solid material which was now obtained was separated 
and the process repeated twice. The combined precipitates were crystallised from methanol as 
before (Found, on a sample sublimed at 140—150°/0-1 mm.: C, 23-3; H, 1:0. C,H,O,Br, 
requires C, 23-4; H, 085%). The compound was slightly soluble in methanol and ethanol 
and insoluble in water. It gave no ferric reaction. The yellow potassium salt was obtained 
by addition of potassium acetate to a solution of the tribromo-3-hydroxytropone in methanol. 
Light absorption : max. at 374, 337, 323, 290, 278, and 238 my (log ¢ 3-52, 3-61, 3-63, 4-20, 4-28 
and 4:10 respectively). Infra-red max.: 1605, 1541, 1513, 1406, 1333, 1280, 1235, 1101, 1070, 
1040, 939, 912, 884, 866, 778, 741, 729, 724, 701, and 666 cm."!. 

2:5: 7-Tvibromo-3-methoxytropone, obtained by treatment of a solution of the 3-hydroxy- 
compound (0-5 g.) in methanol (50 c.c.) with an excess of ethereal diazomethane at room tem- 
perature overnight, crystallised from methanol as yellow needles, m. p. 198—199° (decomp.). 
For analysis, it was sublimed at 160°/0-3 mm. (Found: C, 25-5; H, 1-6. C,H;O,Br, requires 
C, 25:7; H, 13%). Light absorption: max. at 373—375, 331, 320, 278, and 238 my (log e«, 
3-58, 3°71, 3-70, 4-35 and 4-15 respectively). Infra-red max.: 1610, 1550, 1408, 1339, 1271, 
1235, 1149, 1104, 1042, 966, 943, 910, 885, 866, 775, 740, 724, 701, and 666 cm.*}. 

2-Bromo-3-hydroxy-5 : 7-dimethoxytropone.—2 : 5: 7-Tribromo-3-hydroxytropone (1-98 g.) 
was added to a solution prepared from sodium (1-5 g.) and dry methanol (100 c.c.), then heated 
under reflux for 2 hr., diluted with water (10 c.c.), and kept for a further hour. The solid 
obtained after removal of the solvent was dissolved in water (30 c.c.) and the solution acidified 
with 3n-hydrochloric acid. After cooling at 0° for 2 hr. the cream-coloured precipitate was 
separated, washed with water, and dried (1-36 g.,94%). Itcrystallised from methanol (charcoal) 
in pale yellow needles, m. p. 221° (decomp. with previous darkening), which did not sublime 
(Found: C, 41-7; H, 3-5. C,H,O,Br requires C, 41-4; H, 3-4%). The compound was soluble 
in aqueous alkali, slightly soluble in cold methanol and insoluble in water. Light absorption : 
max. at 338 and 262 mu (log e 3-89 and 4-42 respectively). 

6-Hydroxy-2 : 4-dimethoxytropone.—The foregoing bromo-compound (1-36 g.) was suspended 
in methanol and the minimum quantity of 10% aqueous sodium hydroxide added to effect 
dissolution. Potassium acetate (0-4 g.) was added and a little charcoal (0-1 g.), which after 
agitation for 1 min., was separated by filtration. The filtrate was then hydrogenated with a 
10% palladium—charcoal catalyst (0-2 g.), and the reaction discontinued after absorption of 
1 mol. of hydrogen (120 c.c. at N.T.P.). The catalyst was separated, and the solvent removed 
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from the acidified filtrate. Water (20 c.c.) was added to the residue, the suspension cooled 
(ice), and the precipitate (0-57 g.) separated and dried. A further quantity (76 mg.) was 
obtained by continuous ether-extraction of the mother-liquor for 2 days. The product crystal- 
lised from water and for analysis was sublimed at 155°/0-3 mm., being obtained as colourless 
needles, m. p. 210° (decomp.) (Found: C, 59-0; H, 5-6. C,H,,O, requires C, 59-3; H, 5-5%). 
Light absorption : max. at 329 and 252 my (log ¢ 3-92 and 4-58 respectively). Infra-red max. : 
2924, 2564, 1639, 1613, 1539, 1508, 1460, 1443, 1431, 1387, 1335, 1287, 1267, 1220, 1198, 
1181, 1159, 1067, 1032, 1001, 948, 917, 855, 842, 830, 769, 754, 697, and 659 cm.*. 

Alkaline Rearrangement of 6-Hydroxy-2 : 4-dimethoxytropone.-—6-Hydroxy-2 : 4-dimethoxy- 
tropone (0-51 g.) was fused in a nickel crucible with potassium hydroxide (5 g.) and water (1-5c.c.). 
The temperature was raised slowly and at 160° a further quantity of potassium hydroxide 
(2 g.) was added. At 190° considerable effervescence occurred and a pale yellow suspension 
was obtained which became colourless at 290°. The melt was kept at 300° for 10 min., then 
cooled, dissolved in water (10 c.c.), and acidified with hydrochloric acid. The colourless solution 
was extracted with ether (5 x 20 c.c.), and the solvent removed from the washed and dried 
ethereal extracts to give a residue (40 mg.) which was purified by sublimation at 0-l1mm. The 
product was a colourless solid which gave no ferric reaction and had m. p. 225—227° and m. p. 
226—228° when mixed with «-resorcylic acid, m. p. 227—-229°. A further quantity (81 mg.) 
was obtained by continuous ether-extraction of the aqueous layer for 36 hr. 

2:4: 6-Trihydroxytropone.—6-Hydroxy-2 : 4-dimethoxytropone was heated for 12 hr. 
at 110° with 48% hydrobromic acid. The solution was evaporated to dryness and water 
(0-5 c.c.) added to the residue, together with potassium acetate to give pH 6. After cooling 
(ice), the precipitate of 2: 4: 6-trihydroxytropone was separated and crystallised from water, 
as needles, m. p. 222° (decomp.). For analysis it was sublimed at 170°/0-5 mm. (Found : 
C, 54:5; H, 4:0. C,H,O, requires C, 54:6; H, 3-9%). The compound gave a blood-red 
ferric reaction and formed a yellow solution in 10% aqueous sodium hydroxide. Light absorp- 
tion: max. at 334 and 254 my (log ¢« 3-93 and 4-42 respectively). Infra-red max.: 3559, 

2915, 2584, 1647, 1605, 1541, 1408, 1366, 1294, 1258, 1209, 1190, 1047, 995, 889, 869, 846, 
784, 760, 735, 727, and 667 cm." } 

1 : 3-Dimethoxycycloheptatriene.—(1) A mixture of 3 : 5-dimethoxycycloheptatrienecarboxylic 
acid (1 g.) (Johns, Johnson, and Murray, loc. cit.) and copper bronze (10 g.) was heated and the 
distillate was collected. The distillates from three such experiments were combined and re- 
distilled; the fraction, b. p. 80—81°/3 mm. (0-73 g.), was collected as an almost colourless oil 
(Found: C, 71-0; H, 7-8. C,H,,0, requires C, 71:0; H, 7-95%). Light absorption: max. 
at 279 my. (log ¢ 3-70). The infra-red spectrum, determined on a film of the liquid, showed 
max. at 2994, 2941, 2825, 1724, 1631, 1600, 1553, 1511, 1495, 1464, 1456, 1439, 1416, 1383, 
1357, 1339, 1287, 1261, 1224, 1200, 1178, 1163, 1148, 1133, 1093, 1037, 1013, 993, 957, 920, 900 
862, 844, 823, 800, 767, 749, 728, and 704 cm.!. The product slowly resinified in air but was 
stable in a sealed tube in the dark. 

(ii) A similar experiment on 2: 7-dimethoxycycloheptatrienecarboxylic acid (see below) 
gave a dimethoxycycloheptatriene (38%), b. p. 82—84°/2 mm., 2? 1-5374 (Found: C, 71-5; 
H, 8-0%). The ultra-violet and infra-red spectra were very similar to those of the preceding 
product. 

3-Hyvdroxytropone.—(1) From 1: 3-dimethoxycycloheptatriene. A solution of this triene 
(1:35 g.) in chloroform (15 c.c.) was cooled (ice), and a solution of bromine (1-4 g., 1 mol.) in 
carbon tetrachloride (5 c.c.) was added dropwise at <5°. The cooled red solution was kept 
at 0° for a further 10 min. and the solvent then removed under reduced pressure. A little 
chloroform was added to the residue and the solution evaporated once more. The solid residue 
was triturated with cooled chloroform—carbon tetrachloride (1: I), and the insoluble material 
consisting largely of the hydrobromide of 3-methoxytropone (1-05 g.) was hydrolysed by 48% 
aqueous hydrogen bromide (7 c.c.) and water (7 c.c.) at 110° for 3 hr. Any solid material was 
separated, and the solvent removed from the filtrate. The residue was taken up in water 
(6 c.c.), and filtered if necessary, and the cooled filtrate neutralised with 10% aqueous sodium 
hydroxide and then made faintly acid with 2n-hydrochloric acid. After 30 min. at 0°, the pale 
brown precipitate of 3-hydroxytropone was separated and dried (0-57 g.). The. filtrate was 
evaporated under reduced pressure to 3 c.c. and treated with an excess of aqueous picric acid, 
the 3-hydvroxytropone picrate (0-49 g.) being obtained which recrystallised from water as yellow 
needles, m. p. 165° (decomp.) (Found: C, 44-7; H, 2-8; N, 12-2. C,,;H,O,N, requires C, 
44-45; H, 2-6; N, 12-0%). 

When 3-hydroxytropone crystallised from ethyl acetate-methanol (1:1) or from water it 
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formed almost colourless needles, m. p. 179—180° (decomp. with previous darkening) (Found : 
C, 69-0; H, 5-15. C,H,O, requires C, 68:85; H, 4:95%). Light absorption: (i) in 95% 
ethanol: max. at 309, 298, 255, and 247 my (log < 3-52, 3-65, 4-41, and 4-51 respectively) ; 
(ii) in 0-1N-sodium hydroxide: max. at 304, 295, 267, and 257 my (log « 3-85, 3-84, 4-55, and 
4-59 respectively). Infra-red max.: 1647, 1587, 1550, 1515, 1504, 1477, 1443, 1399, 1348, 
1330, 1312, 1285, 1258, 1230, 1196, 996, 985, 881, 872, 826, 819, 736, 763, and 722 cm.-1. 

3-Hydroxytropone was readily soluble in methanol and ethanol, soluble in water, slightly 
soluble in ethyl acetate, and almost insoluble in cold chloroform, carbon tetrachloride, and carbon 
disulphide. It gave no colour with 10% aqueous sodium hydroxide or methanolic ferric chloride. 
The compound sublimed slowly at 140°/0-1 mm. but considerable decomposition occurred. 
Its pK in water at 16-5° was 5-4. 

3-Hydroxytropone was regenerated by shaking a solution of its picrate (0-35 g.) in warm 
methanol (10 c.c.) with a slight excess of Dowex 2 resin in the hydroxide form, the solution 
becoming colourless. The resin was separated and after removal of the methanol there was 
obtained 3-hydroxytropone (0-12 g.) which was purified by crystallisation as before. 

I‘rom some of the bromine oxidations of 1 : 3-dimethoxycycloheptatriene, small amounts of 
2-bromo-6-hydroxytropone, m. p. 208° (with previous darkening), which crystallised from water 
in pale yellow needles, were isolated (Found: C, 41-9; H, 2-8. C,H,O,Br requires C, 41-8; 
H, 2-5%). The compound gave no ferric reaction and no colour with 10% aqueous sodium 
hydroxide. It decomposed on prolonged heating at 150° and could not be sublimed. Light 
absorption (i) in 95% ethanol: max. at 323, 311, 265, and 256 my (log ¢ 3-52, 3-54, 4-52, and 
4-50 respectively); (ii) in 0-1N-sodium hydroxide: max. at 304, 276, 267, and 223 my (log « 
3-72, 4-65, 4-65, and 3-83 respectively). Infra-red max.: 2632, 1634, 1585, 1541, 1527, 1418, 
1300, 1289, 1274, 1258, 1222, 1211, 1047, 1016, 975, 939, 916, 897, 878, 848, 816, 739, 734, 722, 
and 651 cm.}. 

(ii) Hydvogenolysis of 2:5: 7-tribromo-3-hydroxytropone. Anhydrous potassium acetate 
(1 g.) was added to a solution of 2: 5 : 7-tribromo-3-hydroxytropone (1 g.) in ethanol (100 c.c.), 
and the precipitated potassium salt redissolved by the addition of water (30.c.c.). The solution 
was then hydrogenated in the presence of 10% palladium—barium sulphate poisoned with lead 
acetate; the reaction stopped after the uptake of 2-9 mols. of hydrogen. The catalyst was 
separated, the filtrate evaporated under reduced pressure, the residue dissolved in N-hydro- 
chloric acid (5 c.c.), and any solid material removed. The filtrate was extracted with ether 
(4 x 5 c.c.) and then ethyl acetate (4 x 5 c.c.), and the combined extracts were dried and the 
solvent removed. The residue was extracted with dry ether (5 x 40c.c.), and hydrogen chloride 
was bubbled through the cooled ethereal extract. The flocculent precipitate was separated, 
dissolved in a small volume of water, and treated with an excess of picric acid; 3-hydroxy- 
tropone picrate (50 mg.) was obtained and purified as before. In one experiment a small 
amount of a monobromo-3-hydroxytropone was obtained as colourless needles, m. p. 207°, from 
water (Found: C, 41-8; H, 2:3. C,H,;O,Br requires C, 41-8; H, 25%) and did not form a 
picrate. When mixed with 7-bromo-hydroxytropone, it had m. p. 180°. 

3-Methoxytropone.—(i) From 3-hydroxytropone. A methanolic solution of 3-hydroxy- 
tropone was treated with excess of ethereal diazomethane at room temperature for 20 min. 
The solvent was then removed and the residue treated with a slight excess of aqueous picric 
acid, to give 3-methoxytropone picrate as yellow needles, m. p. 128° (decomp.) after recrystallisation 
from water (Found: C, 45-9; H, 2-95. (C,,H,,O,N, requires C, 46-0; H, 30%). Treatment 
of this (0-17 g.) with Dowex 2 resin as before gave the free base as an almost colourless oil (43 
mg.), b. p. 60—70° (bath-temp.) /0-5 mm. 

(ii) Fvom 1: 3-dimethoxycycloheptatriene. A solution of 1: 3-dimethoxycycloheptatriene 
(0-6 g.; from 2: 7-dimethoxycycloheptatrienecarboxylic acid) in chloroform (10 c.c.) was 
treated with bromine (0-6 g., 1 mol.) in chloroform (5 c.c.) as described for 3-hydroxytropone. 
The solvent was removed under reduced pressure and the residual red oil triturated with 
absolute ethanol (2 c.c.). The resulting white crystalline solid 3-methoxytropone hydrobromide 
(80 mg., 17%) was separated; after sublimation during which extensive evolution of hydrogen 
bromide occurred it had m. p. 121—122° (decomp.), and gave no ferric reaction or 2 : 4-dinitro- 
phenylhydrazone. A solution of the hydrobromide in water was neutralised with aqueous 
sodium hydroxide and treated with aqueous picric acid, 3-methoxytropone picrate being 
obtained as yellow needles, m. p. 146° after rapid crystallisation from water. Slow crystallis- 
ation of this picrate from water gave the other form, m. p. 128°, identical with that prepared 
in the previous experiment. 

2: 7-Dimethoxycycloheptatrienecarboxylic Acid and Ethyl Estey.—Veratrole (200 g.) and 
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ethyl diazoacetate (40 g.) were heated at 150° as described by Bartels-Keith, Johnson, and Taylor 
(loc. cit.), and the excess of veratrole was removed under reduced pressure. The residual esters 
from six such experiments were fractionated at 3 x 10°? mm. and the following fractions 
collected : (i) b. p. 70—90° (3-5 g.), (ii) b. p. 9O—105° (23-3 g.), (iii) b. p. 105—110° (23-2 g.), 
(iv) residue (34-5 g.). After 7 days at 0°, the crystalline product (2-5 g.) which had separated 
from fractions (ii) and (iii) and a second crop (0-6 g.) from the filtrate was collected and 
recrystallised from ethanol, giving ethyl 2 : 7-dimethoxycycloheptatrienecarboxylate as colourless 
needles, m. p. 98° (Found: C, 64:3; H, 6-9. C,,H,.0, requires C, 64-3; H, 7-2%). Light 
absorption: max. at 279 my (log e« 3-80). Infra-red max.: 1742, 1628, 1547, 1360, 1288, 
1250, 1194, 1166, 1141, 1097, 1038, 1010, 1000, 970, 948, 854, 784, and 746 cm.~?. 

Hydrolysis of the ester (2 g.) with boiling alcoholic potassium hydroxide (10 c.c. of 2%) 
for 3 hr. gave the acid, which formed colourless plates (1-6 g.), m. p. 188—189° (decomp.), 
from methanol (Found: C, 61:0; H, 6:3. C,,H,,O, requires C, 61-2; H, 6-2%). Light 
absorption : max. at 278 my (log ¢ 3-81), min. at 238—-239 mu. (log ¢ 3-34). Infra-red max. : 
2666, 1709, 1639, 1552, 1428, 1360, 1308, 1288, 1228, 1199, 1168, 1144, 1023, 1015, 1001, 965, 
937, 920, 843, 780, and 740 cm.}. 

The derived hydrazide (120 mg.) was obtained from the ester (0-15 g.) in boiling ethanol 
(5 c.c.) and aqueous hydrazine (1 c.c. of 30%) under reflux (1 hr.) and crystallised from ethanol 
as needles, m. p. 162—163° (decomp.) (Found : C, 57-3: H, 6-7; N, 13-3. Cj, 9H,,0,N, requires 
C, 57-1; H, 6-7; N, 13:3%). Light absorption : max. at 282 and 212 my (log « 3-79 and 4-30 
respectively). Infra-red max. (Nujol mull) : 3226,1675, 1631, 1618, 1552, 1492, 1360, 1285, 1236, 
1199, 1168, 1153, 1138, 1038, 1019, 1000, 990, 950, 921, 889, 869, 851, 845, 784, and 746 cm.7}. 

Hydrogenation. The ester (1-78 g.) in 95% ethanol was hydrogenated in the presence of 
Adams platinum catalyst. After saturation of the three double bonds (H,, 507 c.c.; theor., 
512 c.c.), the catalyst and solvent were removed. The residue was distilled and ethyl 2 : 7-di- 
methoxycycloheptanecarboxylate was collected as a fraction, b. p. 125—130°/20 mm. (1-6 g.), 
n'> 1-4662 (Found: C, 62-75; H, 9-2. Cj ,.H».O, requires C, 62-6; H, 9-6%). 

3-Hydroxytropone-2-carboxylic Acid.—Ethyl 2: 7-dimethoxycycloheptatrienecarboxylate 
(425 mg.) was dissolved in chloroform (10 c.c.), cooled to —20°, and treated dropwise with 
bromine (0-1 c.c.) in chloroform (5 c.c.). The product was kept for a further 15 min. and the 
chloroform then removed under reduced pressure. The residue, a thick reddish paste, was 
triturated with acetone and the solid residue sublimed at 90—95°/10-"? mm. The colourless 
crystalline product decomposed rapidly at 150°; with slow heating it had m. p. 149° (decomp.) 
(cf. Bartels-Keith, Johnson, and Taylor, loc. cit.) but with rapid heating m. p. up to 161° (Found : 
C, 57-8; H, 3-5. Calc. for CgH,0O,: C, 57-8; H, 36%). Infra-red max.: 1666, 1250, 1069, 
1007, 975, 892, 836, and 778 cm.*}. 

2-Bromo-3-hydroxytropone.—A cooled solution of 3-hydroxytropone (0-24 g.) in glacial 
acetic acid (15 c.c.) was treated dropwise with 1-1 c.c. (1 mol.) of a solution of bromine (1 c.c.) 
in acetic acid (10 c.c.). Reaction was very rapid. The precipitated monobromo-derivative 
was separated, dried (0-26 g.), and crystallised from aqueous ethanol (charcoal) as buff-coloured 
needles, m. p. 214° (decomp.). Evaporation of the filtrate yielded a further quantity (54 mg.) 
of the product (Found: C, 41-5; H, 2:8. Calc. for C;H;O,Br: C, 41:8; H, 2-5%). Light 
absorption : max. at 307, 261, 254, and 218 mu (log « 4:69, 4-37, 4-36, and 4-17 respectively). 
Infra-red max.: 2912, 2532, 1639, 1595, 1538, 1520, 1460, 1416, 1370, 1325, 1304, 1274, 1256, 
1220, 1042, 1026, 985, 888, 868, 837, 794, 763, and 689 cm... Seto (Sci. Rep. Téhoku Univ., 
1953, 37, 377) gives m. p. 205—210° (decomp.). 

The methyl ether, obtained by the action of diazomethane, formed colourless needles, m. p. 
118—119°, from ethanol (Found: C, 44:7; H, 3-5. C,H,O,Br requires C, 44:7; H, 3-3%). 
The ultra-violet spectrum showed max. at 325, 312, 266, 251, and 223 my (log e, 3-67, 3-70, 
4-33, 4-35, and 4-20 respectively) with an inflection at 340—347 mu (log ¢ 3-60). Infra-red max. 
(Nujol mull) ; 1639, 1562, 1481, 1438, 1410, 1315, 1282, 1242, 1219, 1176, 1075, 1015, 935, 882, 
866, 824, 790, 684, and 666 cm."!. 

Acid Hydrolysis of 2-Bromo-3-hyvdroxytropone.—The bromo-compound (0-15 g.) was heated 
in concentrated hydrochloric acid (12 c.c.), glacial acetic acid (10 c.c.), and water (1-5 c.c.) 
at 180° for 15 hr. The product was evaporated to dryness, the residue dissolved in water (6 c.c.), 
and the acidity of the solution adjusted to pH 6. A small amount (10 mg.) of insoluble material 
was separated and the filtrate extracted with ether (4 x 12 c.c.) and then ethyl acetate (4 x 
12c.c.). The solvent was removed from the combined dried extracts, and the residue sublimed 
at 110—120°/0-2 mm. to give colourless needles of 3-hydroxytropolone, m. p. 128—130° with 
previous softening [mixed m. p. with the hydrolysate of 3-bromotropolone (see below), 129—131°]. 
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Alkaline Rearrangement of 2-Bromo-3-hydroxytropone.—The bromo-compound (0-46 g.) 
was thoroughly mixed with potassium hydroxide (5 g.), water (1 c.c.) was added, and the mixture 
heated in a nickel crucible. Effervescence was marked between 160° and 240°, but above 240° 
a dark brown melt was obtained which was kept at 300° for 10 min. The product was cooled, 
dissolved in water (10 c.c.), acidified with hydrochloric acid, and extracted with ether (5 x 
30 c.c.). The solvent was removed from the combined dried extracts, and the syrupy residue 
(0-21 g.) sublimed at 120°/0-2 mm., the main portion of the sublimate forming a colourless 
solid (24 mg.), m. p. 132—133° alone and when mixed with 3-hydroxytropolone (see below). 
The ultra-violet absorption spectrum was also identical with that of authentic 3-hydroxy- 
tropolone (below): max. at 375, 365, 324, and 246 my (log « 3-98, 3-93, 3-82, and 4-57 
respectively). : 

The residue from the sublimation was subjected to further sublimation at 160°/0-2 mm., 
another colourless solid (30 mg.) being obtained. After crystallisation from benzene—acetone 
and re-sublimation, it had m. p. 225—226° (Found: C, 54:3; H, 4:0. Calc. for C;,H,O,: C, 
54-5; H, 3-9%). Light absorption : max. at 309 and 250 my (log « 3-46 and 3-82). The infra- 
red spectrum was that of «-resorcylic acid. 

The colourless intermediate fraction (ca. 10 mg.) which was obtained between the 3-hydroxy- 
tropolone and «-resorcylic acid fractions had m. p. 176—180° and gave no ferric reaction. 
The ultra-violet absorption spectrum showed a max. at 297—298 my with an inflection at 
230—235 mu. Authentic m-hydroxybenzoic acid shows max. at 299 and 233 my and has m. p. 
200°. Lack of material prevented complete purification. 

The aqueous mother-liquors from the ethereal extraction were further extracted with 
ether continuously for 2} days. Removal of the solvent gave a colourless crystalline residue 
(85 mg.) which sublimed at 120°/0-2 mm. and recrystallised from a little water as thick needles, 
m. p. 188° (after sublimation) alone or mixed with anhydrous oxalic acid. 

Rearrangement of 2-Bromo-3-methoxytropone with Sodium Methoxide.—A solution of sodium 
methoxide (0-5 g.) in methanol was added to 2-bromo-3-methoxytropone (50 mg.) in methanol 
(2 c.c.) and the mixture heated under reflux for 2 hr. 3N-Sodium hydroxide (1 c.c.) was added 
and heating continued for a further 30 min. The methanol was evaporated and the residue 
then acidified with 3N-sulphuric acid and continuously extracted with ether for 3 hr. After 
removal of the solvent from the washed and dried extract the residue sublimed as a colourless 
solid, m. p. 101° alone and mixed with o-methoxybenzoic acid. 

Alkaline Rearrangement of 3-Hydroxytropone.—3-Hydroxytropone (0-4 g.) was mixed with 
potassium hydroxide (5 g.) and water (1-5 c.c.) and fused as described above for 2-bromo-3- 
hydroxytropone. The temperature was kept at 300° for 5 min. but considerable charring 
occurred. The product was cooled, dissolved in water, and acidified as before, and then ex- 
tracted first with ether (4 x 12 c.c.) and then with ethyl acetate (4 x 12c.c.). The combined 
extracts were dried and the solvent was removed. The residual syrup was sublimed and the 
fraction obtained at 100—160°/0-2 mm. (6 mg.) was separated. This had m. p. ca. 180° (not 
sharp) and gave no ferric reaction, and the ultra-violet absorption showed a max. at 297 mu 
and an inflection at 233—234 muy. (identical with that of the similar product from 2-bromo- 
3-hydroxytropone). A further fraction which sublimed at 180—190°/0-2 mm. (5 mg.) had 
m. p. 215° although its ultra-violet absorption was identical with that of «-resorcylic acid. 

The aqueous mother-liquors were continuously extracted with ether for 3 days and after 
removal of the solvent the residue was sublimed at 120°/0-2 mm. The colourless sublimate 
was crystallised from water as before to yield oxalic acid dihydrate (28 mg.), m. p. and mixed 
m. p. 98°. 

3-Hydroxytropolone.—3-Bromotropolone (0-49 g.) (Cook, Gibb, Raphael, and Somerville, 
J., 1951, 503) was heated in acetic acid (5 c.c.), concentrated hydrochloric acid (5 c.c.), and 
water (2 c.c.) at 160—180° for 12 hr. The brown solution was continuously extracted with 
ether for 6 hr. and the solvent removed from the extract. The solid residue sublimed at 
90°/0-05 mm. as a colourless solid which crystallised from ethanol. The 3-hydroxytropolone 
so obtained formed colourless needles (222 mg., 66%), m. p. 136° (Nozoe, Seto, Ito, Sato, and 
Katone, Sci. Reports Téhoku Univ., 1953, 37, 191, give m. p. 186—137°) (Found: C, 60-8; 
H, 4:5. Calc. for C,H,O,: C, 60-8; H, 4.4%). The yield of 3-hydroxytropolone was reduced 
to 47% when the hydrolysis was conducted for 24 hr. 

Alkaline Rearrangement of 3-Hydroxytropolone.—3-Hydroxytropolone (0-15 g.) was heated 
with potassium hydroxide (2 g.) at 280—300° as described for 2-bromo-3-hydroxytropone. 
The cooled melt was dissolved in water and acidified with 11N-hydrochloric acid, and the 
resulting solution extracted with ether for 4 hr. After removal of the solvent and sublimation 
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at 90—100°/0-5 mm. the residue gave salicylic acid, m. p. and mixed m.p. 155—156°. The ultra- 
violet absorption spectrum was also that of salicylic acid. 

3-Hydroxy-5-oxocycloheptatrienecarboxylic Acid.—Bromine (0-3 c.c.) in glacial acetic acid 
(3 c.c.) was added dropwise to 3: 5-dimethoxycycloheptatrienecarboxylic acid (1 g.) (Johns, 
Johnson, and Murray, J., 1954, 198) in cold acetic acid (15 c.c.) with stirring. The temperature 
was controlled so that the acetic acid remained liquid and after 3 min. sufficient water was 
added to redissolve any precipitate which had formed. The solution was cooled (ice) for a further 
15 min. the solvent removed under reduced pressure, and water (5 c.c.) again added to the residue. 
The solvent was once more removed, the residue cooled in ice, and water (5 c.c.) again added, 
causing the oily residue to solidify. The suspension was set aside at 0° for } hr. and the dark 
grey solid separated, washed with water, and crystallised from methanol to give slightly impure 
3-methoxy-5-oxocycloheptatrienecarboxylic acid (0-58 g.) (Johns, Johnson, and Murray, Joc. 
cit.). This crude acid (0-39 g.) was heated with aqueous hydrobromic acid (20 c.c. of 48%) 
at 110° for 5 hr. and the product reduced to dryness. The residue was washed with a little 
cold water and then crystallised from water (charcoal) to give 3-hydroxy-5-oxocycloheptatriene- 
carboxylic acid as colourless needles (0-24 g.), m. p. 201—203° (decomp.) (Found: C, 54-7; 
H, 4:3. C,H,O,,4H,O requires C, 54-9; H, 4:0%). The acid did not sublime. It was very 
soluble in methanol, soluble in hot water, and slightly soluble in acetone. Light absorption : 
max. at 306, 254 and 218 my (log « 3-60, 4-40 and 4-17 respectively) ; inflection at 336—337 mu 
(log ¢ 3-37). Infra-red max.: 3390, 3165, 3058, 2907, 1887, 1695, 1645, 1600, 1550, 1515, 1479, 
1372, 1339, 1282, 1263, 1205, 1093, 990, 948, 893, 881, 775, 767, 688, and 680 cm.-!. 

Alkaline Rearrangement of 3-Hydroxy-5-oxocycloheptatrienecarboxylic Acid.—The acid 
(0-2 g.) was fused with potassium hydroxide (5 g.) and water (2 c.c.) at 300° for 10 min. After 
cooling and acidification with hydrochloric acid the solution was extracted with ether (6 x 
25 c.c.), the extract dried, and the solvent removed. The fraction of the residue subliming at 
160° /0-3 mm. (36 hr.) crystallised from water; the product (10 mg.) had m. p. 285—286° not 
depressed when mixed with 5-hydroxyisophthalic acid (ultra-violet spectra identical). 

4-Bromo-3-hydroxy-5-oxocycloheptatrienecarboxylic acid.—Bromine (0-14 c.c.) in acetic acid 
(1 c.c.) was added to a solution of 3-hydroxy-5-oxocycloheptatrienecarboxylic acid (0-42 g.) 
in acetic acid (20 c.c.) with stirring. After 5 min., water (4 c.c.) was added and after a further 
15 min. the solution was evaporated to dryness under reduced pressure. The residual mono- 
bromo-acid crystallised from aqueous ethanol as pale yellow needles (0-53 g.). After sublimation 
at 170°/0-2 mm. they had m. p. 224° (previous charring) (Found: C, 39-2; H, 2-3. C,H;O,Br 
requires C, 39-2; H, 2:05%). Light absorption: max. at 358—360, 328, 316, 263, and 224 mu 
(log « 3-60, 3-61, 3-62, 4-24 and 4-16 respectively). Infra-red max.: 3165—3077 (broad), 
2985—-2703 (broad), 1862, 1695, 1639, 1587, 1546, 1522, 1445, 1412, 1385, 1351, 1292, 1242, 
1221, 1031, 1006, 967, 889, 867, 847, 775, 754, and 669 cm.*1. 

isoStipitatic Acid.—The foregoing bromo-compound (0-34 g.) was heated in acetic acid (7 c.c.), 
water (2 c.c.), and 11N-hydrochloric acid (10 c.c.) at 180° for 16 hr. The precipitated charred 
material was removed, the solvent removed under reduced pressure, and the residue diluted with 
water (8 c.c.). The suspension was again evaporated to dryness and the residue mixed with 
cooled water (5 c.c.). The suspended solid was separated, dried (0-13 g.), and crystallised 
from water or aqueous ethanol (charcoal). isoStipitatic acid was thus obtained as small cream- 
coloured needles and was sublimed at 160°/0-2 mm.; it then had m. p. 282° (Found: C, 52-5; 
H, 3-6. C,H,O,; requires C, 52-7; H, 3:3%). The acid gave an intense deep green colour with 
ferric chloride and a deep yellow colour with aqueous sodium hydroxide. Light absorption : 
max. at 385, 373, 340, and 252 my (log ¢ 4-02, 3-97, 3-93 and 4-58 respectively). Infra-red max. 
(Nujol mull) : 3030, 2899, 1704, 1623, 1582, 1534, 1506, 1379, 1307, 1287, 1225, 1183, 1064, 
943, 833, 784, 757, and 735 cm.71. 

Alkaline rearrangement. isoStipitatic acid (0-16 g.) was intimately mixed with potassium 
hydroxide (5 g.), water (1-5 c.c.) added, and the bright yellow solution carefully heated to 300° 
in a nickel crucible. Considerable effervescence occurred about 240° and the colour of the melt 
changed to light brown at 280°. The temperature was held at 300° for 10 min., then the melt 
was cooled and dissolved in water (10 c.c.)._ The solution was treated with 2N-hydrochloric acid 
(20 c.c.) and finally acidified with 11N-hydrochloric acid. The pale brown solution was ex- 
tracted with ether (8 x 25 c.c.), the combined ethereal extracts were dried, and the solvent 
was removed to leave an almost colourless residue (85 mg.) which crystallised from water (char- 
coal) and sublimed at 170°/0-2 mm. (24 hr.). The non-volatile residue was crystallised from 
water, then having m. p. 328°. Kuhn, Zilliken, and Trischmann (Ber., 1950, 83, 204) give m. p. 
325° for 2-hydroxyterephthalic acid. The product gave a cherry-red ferric reaction. 
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The sublimate (20 mg.) also recrystallised from water but the m. p. could not be raised above 
314°. It was probably impure 2-hydroxyterephthalic acid and gave a large m. p. depression 
on admixture with 4-hydroxyisophthalic acid. 

Stipitatic Acid.—6-Bromo-3-methoxy-5-oxocycloheptatrienecarboxylic acid (0-4 g.) (Johns, 
Johnson, and Murray, Joc. cit., where it is incorrectly described as the 4-bromo-compound) 
was heated with acetic acid (7 c.c.), water (3 c.c.) and concentrated hydrochloric acid (11 c.c.) 
at 180° for ll hr. Thesolvent was removed under reduced pressure from the product, and water 
(3 c.c.) was added to the residue and again removed. The residue was treated with water 
(5 c.c.) and cooled in ice, and the precipitate was separated (0-12 g.). When crystallised from 
water (charcoal) this had m. p. 280—283°, not depressed on admixture with stipitatic acid. 
The product gave an intense green ferric reaction and had an ultra-violet spectrum identical 
with that of stipitatic acid. Bromination in 80% acetic acid (Johns, Johnson, and Murray, 
loc. cit.) gave monobromostipitatic acid. 


Grateful acknowledgment is made to Professor Sir Alexander Todd, F.R.S., for his interest, 
to the Royal Commissioners for the Exhibition cf 1851 for an Overseas Studentship (to R. B. J.), 
and to the British Council for a Scholarship (to M. T.). 
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Mixed Liquid Crystals. 
By J. S. DAvE and M. J. S. Dewar. 


[Reprint Order No. 5315.] 


A number of binary systems have been investigated in which one com- 
ponent can form a nematic liquid-crystal phase and the other not. In all 
cases studied the liquid phase is apparently a homogeneous single phase which 
may or may not be anisotropic. There was no indication that two distinct 
liquid phases, one isotropic and the other anisotropic, could coexist over a 
range of temperature, for a binary mixture of a given composition. Thermo- 
dynamic arguments show, however, that such a situation is impossible for a 
normal first-order phase transition. Therefore, our results indicate either 
that the transition is not a first-order transition or that the two-phase region 
is extremely small. It seems likely that the same will be true in general for 
anisotropic liquids containing two components, such liquids being in general 
true solutions and not mixtures of phases. 


It is now well known that a nematic liquid crystal is a system in which rod-shaped molecules 
have translational freedom, but only a restricted rotational freedom, and that such a liquid 
has a domain structure in which all the molecules in a given domain lie parallel. A second 
substance dissolved in such a liquid would then be in an anisotropic environment and this 
might clearly affect its chemical and physical properties in an interesting manner. Since 
it is our intention to investigate effects of this kind it became important to establish the 
conditions under which such solutions might be formed. 

Very little work appears to have been done on binary liquid crystals. de Kock (Z. phystkal. 
Chem., 1904, 48, 129) and Prins (1bid., 1909, 67, 689) studied binary systems in which one 
or both components could form liquid crystals and discussed the general problem in terms 
of the phase rule. They concluded that the transition from anisotropic liquid to isotropic 
liquid should not in general occur sharply in two-component systems, but that there should 
as a rule be a range of temperature over which two liquid phases (of different composition) 
could coexist. This suggestion is illustrated by Fig. la taken from de Kock’s paper, giving 
his interpretation of the phase diagram for the system f-azoxyanisole—quinol; here quinol 
does not form a liquid crystal on fusion whereas azoxyanisole does, and in the shaded area 
two distinct liquids coexist, one isotropic and one anisotropic. 

The experimental evidence on which these conclusions were based was however scanty. 
The transitions were followed mainly by observing the change in the liquid from cloudy to 
clear, without stirring or adequate temperature control; under these conditions it is not 
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surprising that the transitions were not sharp. Thermal analyses of the systems were 
also carried out, but with rates of cooling which according to our investigations appear 
much too high. Many of the phase diagrams, including Fig. la, seem to have been based 
largely on preconceived ideas rather than on direct evidence; thus no results are quoted 
for the critical range of composition corresponding to the horizontal break in the melting 
line in Fig. la. 

Bogojawlensky and Winogradow (Z. physikal. Chem., 1908, 64, 228) and later Walter 
(Ber., 1925, 58, 2303) pointed out that in many cases the transition lines separating the 
anisotropic and the isotropic liquid regions in the phase diagrams are linear. When both 
components can themselves form liquid crystals, this implies that perfect mixed liquid 
crystals are being formed, analogous to a similar series of ideal solid solutions of two 
components. They deduced that in cases where only one component appears to form a 
liquid crystal, the other must have a potential or latent nematic form, but that this cannot 
normally be observed because the transition to isotropic liquid lies below the normal 
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melting point. The transition temperatures of these latent forms to normal liquids were 
deduced in a number of cases by extrapolation; and it even proved possible to obtain 
binary liquid crystals from pairs of substances which themselves showed no nematic phase, 
the melting points of the mixtures being depressed and so allowing the nematic mixed 
liquid to be observed. The latent transitions were also actually observed in some cases 
in supercooled melts. This work establishes clearly that in these ideal cases the transition 
from nematic to isotropic liquid is sharp; but it throws no light on cases where the 
transition lines are curved. 

Most of the ideal systems involve mixtures in which both species of molecule have the 
features known to be necessary in nematic liquid crystals; that is, the molecules are rod- 
shaped with polar groups at each extremity (cf. Bernal and Crowfoot, Trans. Faraday 
Soc., 1933, 29, 1046). Since we were interested in systems of a more general type, in 
which an arbitrary solute is dissolved in a nematic liquid crystal, we wished to establish 
whether or not genuine mixed liquid crystals can be obtained in such cases over a useful 
range of concentration. It also seemed likely that the tendency of solutes to form mixed 
liquid crystals would throw light on the nature of the mesomorphic state. Here we 
describe an investigation of the first problem, and we shall give reasons for believing that 
the anisotropic liquids are in all cases homogeneous one-phase mixed liquid crystals. The 
regions where two liquid phases, one normal and one anisotropic, coexist must be at most 
extremely small. 


EXPERIMENTAL 
Temperatures are corrected, and were determined with thermometers calibrated against 
standard thermometers. 
Preparation and Purification of Materials.—Equimolecular proportions of p-chlorobenzalde- 
hyde and p-anisidine were heated slowly in a little alcohol until the mixture boiled; the residue 
on cooling was crystallised several times from alcohol, giving N-4-chlorobenzylidene-p- 
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anisidine in colourless plates, m.p. 124° (Found : C, 68-6; H, 5-0; N, 14-0; Cl, 5:7. CyH,,ONCI 
requires C, 68-4; H, 4:9; N, 14-4; Cl, 5-7%). 

p-Anisylidene-p-anisidine, -p-bromoaniline, -p-chloroaniline, and -p-toluidine, and p-methyl- 
benzylidene-p-anisidine were prepared similarly and crystallised from alcohol in colourless 
plates or needles; their m. p.s (147°, 129°, 93°, 92°, and 88°, respectively) agreed with those 
given in the literature. p-Azoxyphenetole (Gattermann and Ritschke, Ber., 1890, 23, 1738) 
was recrystallised from alcohol (m. p. 137°, 168°; lit., 137°, 168°). 4: 4’-Dichloroazoxybenzene 
(Willgerodt, Ber., 1882, 15, 1004) was recrystallised from alcohol (m. p. 157°; lit., 158°). 


Fic. 5. The system p-azoxy- 
anisole~p-anisylidene -p-bromo- 
aniline. 
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Phenanthrene was kindly provided by Mr. P. M. G. Bavin; it had been purified by treatment 
with maleic anhydride followed by chromatography and had m. p. 100° (lit., 100°). 

The remaining materials were commercial products and were recrystallised; they then 
melted sharply at temperatures agreeing with those given in the literature, viz. (solvent in 
parentheses) : p-azoxyanisole (alcohol), 118°, 136°; anisic acid (water), 184°; acetanilide 
(water), 114°; azobenzene (alcohol), 68°; azoxybenzene (alcohol), 36°; cinnamic acid (water), 
133°; @-naphthylamine (alcohol), 110°; «-naphthylamine (alcohol), 50°; quinol (water), 173°. 

Investigation of Phase Diagrams by the Optical Method.—Intimate mixtures of the two 
components in known proportions were prepared in the usual way, by fusion and rapid cooling. 
The finely powdered residue was then heated in a wide capillary tube in a bath, and observed 
between crossed sheets of polaroid. The mixture was well stirred throughout with a thin 
glass rod. The bath consisted of a 1-l. beaker containing dibutyl phthalate and stirred 
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vigorously. The temperature was measured with a standardised thermometer graduated in 
0-1°. The transitions from anisotropic to isotropic liquid were invariably very sharp, and 
reproducible within +0-1° whether the bath-temperature was rising or falling. The m. p. of 
the mixed solids could also be determined very accurately when the liquid phase formed was 
isotropic, from the disappearance of birefringence on fusion. It was not easy to determine 
m. p.s accurately when the liquid formed was anisotropic, but with care and experience they 
could be measured within -+0-2°; for this the bath-temperature must be changed exceedingly 
slowly, and the solid periodically allowed to settle. 

Investigation by the Thermal Method.—In order to study the phase diagrams by the standard 
cooling-curve method, it is necessary to use very low rates of cooling since the heats of transition 
from mesomorphic to isotropic liquid are small. The measurements were carried out with 10-g. 
samples in a Dewar flask (6” x 1’’) immersed in an oil thermostat (--0-05°). The flask was 
closed with a cork carrying a glass stirrer and a standardised thermometer. The bath- 
temperature was held within 10° of the temperature of the transition being observed; the 
various transitions were observed separately in different experiments for a given sample. 

The temperature of the sample was observed at half:minute intervals, and the readings 
were plotted as logarithms of temperature differences against time. Fig. 2 shows a typical 
cooling curve, and illustrates the typical appearance of a liquid-liquid phase transition. 

The liquid—liquid transition temperatures were reproducibie within +0-1°. The solid—liquid 
transitions could not always be determined so accurately, since the melts readily supercooled, 
but the errors certainly did not exceed 0-2°. 

Results.—Figs. 1b and 3—6 show the experimental results and inferred phase diagrams for 
the various transition temperatures in the binary systems, p-azoxyanisole plus quinol, 
phenanthrene, p-anisylidene-p-anisidine, -anisylidene-p-bromoaniline, and anisic acid. A 
number of other systems have also been studied with similar results. The general form of the 
phase diagrams follows from results obtained by the optical method, but the critical regions 
were checked by careful thermal analysis. 


DISCUSSION 


In the systems reported here a substance (p-azoxyanisole) itself giving a mesomorphic 
phase is mixed with a “ normal ”’ second component. It will be observed that there are 
no invariant lines in the diagrams, implying that there are no two-phase liquid regions. 
Moreover the transitions from anisotropic liquid to isotropic liquid were in all cases quite 
sharp, and there was no indication whatsoever that any of the transitions took place over 
a range of temperature. The breaks in the cooling curves corresponding to such transitions 
were similar in form to the break observed in the cooling curve for p-azoxyanisole itself. 

The case of quinol is interesting, since de Kock (loc. cit.) claimed this system as an example 
of a case where a two-phase liquid region occurred. It is clear from our investigation 
(cf. Fig. 1b) that the two-phase region, if it exists at all, is certainly very much smaller 
than de Kock inferred. His experimental methods could therefore evidently lead to 
misleading conclusions. We should add that preliminary investigations by the optical 
method suggested that invariant lines occurred in some of the systems which we examined ; 
but this was not confirmed by detailed thermal analysis. 

We have also studied the following systems, which appear similar in behaviour to 
those reported above; namely: azoxyanisole plus p-anisylidene-p-chloroaniline and -p- 
toluidine, p-chlorobenzylidene-p-anisidine, p-methylbenzylidene-p-anisidine, 4 : 4’-dichloro- 
azoxybenzene, acetanilide, «- and §-naphthylamine, azoxybenzene, azobenzene, and 
cinnamic acid; azoxyphenetole plus 4 : 4’-dichloroazoxybenzene and $-naphthylamine. 

For the equilibrium between the two liquid phases straightforward thermodynamic 
reasoning (cf. Guggenheim, ‘“‘ Modern Thermodynamics,” North Holland Publ. Co., 
Amsterdam, 1949) leads to the relation : 


to ay9T pr yay (dir _ dite 
(Sm Sin ) dx > (x x ) (5 x dx . ‘ = ‘ (1) 


where Sn‘, Sm“ are the entropies per mole of the isotropic and anisotropic phases 
respectively, x', x4 are the mole fractions of component 2 in the two phases, 1, 42 are the 
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chemical potentials of the two components, and 7 is the transition temperature. It follows 
that in general x! = x4 only if d7/dx vanishes; that is, the two phases can have identical 
compositions only if the transition temperature is a maximum or minimum. 
Equation (1) can be rewritten in the form 
dT /dx 
A “we ; I A 9 
So £4 = = ’ H,! — H os . oe 
T(du,/dx — dyu,/dx) (72m mn) (2) 


where H,,', H»* are the heat contents of the two phases. Since the factor involving 
differentials should be much the same for transitions of this kind as for normal kinds of 
phase transition, the order of magnitude of (x! — x4) should tend to be proportional to 
the heat of transition. Since heats of fusion of anisotropic liquids are of the order of one- 
tenth of the heats of fusion of typical solids, the two-phase regions where the two liquids 
coexist should be correspondingly smaller than the regions where solid and liquid phases 
coexist in normal systems. It would not be surprising to find that the two-phase regions 
in the former case were too small to be detected by normal methods of investigation. 

An alternative explanation of our results would be that the transition from anisotropic 
liquid to isotropic liquid is not a first-order transition. In that case the heat of transition 
would be zero and the two phases would necessarily have identical compositions. Our 
results do not distinguish between these two possibilities. 

In the mixed liquid crystal, the liquid is presumably composed of oriented domains. 
These should presumably be formed more readily when the “ normal” molecules are 
similar in shape and size to the molecules of the anisotropic component. If significant 
two-phase liquid regions are to occur, they should then do so in cases where the “ normal ” 
molecules differ in shape, size, or polarity from those of the anisotropic component. Our 
results show, however, no significant difference between the phase diagrams for “‘ normal ”’ 
components of different type. We feel therefore that the same will probably be generally 
true for such binary systems, and that systems with significant two-phase liquid regions 
will be rare if indeed they occur at all—except of course for pairs of substances which also 
give incompletely miscible isotropic melts. 

The main qualitative difference between the various systems we have studied lies in 
the slopes of the liquid-liquid transition lines. These are steeper the more the second 
component departs from the criteria for mesomorphism. This might be expected; for 
the disturbing effect of a solute on the mesomorphic phase should be greater the smaller the 
tendency of the solute molecules themselves to give oriented melts. The slopes and shapes 
of the transition lines should therefore provide valuable information about the structure 
of the mesomorphic state and such investigations are now in progress. 


One of us (J. S. D.) thanks the M.S. University of Baroda (India) for study leave to carry 
out this investigation. 


QUEEN MARY COLLEGE, MILE END Roap, Lonpon, E.1I. [Recetved, April 15th, 1954.) 
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Lycoris Alkaloids. Part XXVIII.* The Constitution of Lycorine 
and the Synthesis of its Degradation Products. 


By L. G. HUMBER, HEISABURO Konpo, K. KorerRA, S. TAKAGI, K. TAKEDA, W. I. TAYLOR, 
B. R. Toomas, Y. Tsupa, K. TsuKAmotTo, S. UYEo, H. YAJIMA, and N. YANAIHARA. 


[Reprint Order No. 5605.] 


It has been shown that the initial action of alkali on lycorine metho- 
hydroxide produces anhydrolycorine methohydroxide which then undergoes 
either Hofmann or Emde degradation to give lycorine anhydromethine and 
lycorine anhydrohydromethine respectively. Anhydrolycorinium chloride 
has been converted into anhydrolycorine methiodide, and all of the principal 
degradation products of lycorine have now been synthesised. The structure 
of lycorine has been established and the course of its reactions explained. 


LycorineE is an alkaloid of widespread occurrence among the Amaryllidaceae and, although 
the subject of much investigation (cf. Cook and Loudon, “‘ The Alkaloids,”’ Vol. II, edited 
by Manske and Holmes, Academic Press, New York, 1952, p. 331), the structure (I) (Kondo 
and Katsura, Ber., 1940, 73, 1424) has been open to doubt and some of the reactions and 
degradation products have hitherto remained obscure. It is now shown that the chemistry 
can be best expressed in terms of the modification (II) originally suggested by Cook and 
Loudon (loc. cit.). 

Methylation of lycorine gives two diastereoisomeric methiodides (a- and §$-), both of 
which undergo the Hofmann degradation with concomitant loss of two molecules of water 
to furnish the methine base, lycorine anhydromethine (IX), whose structure has been 
proved by degradation (Kondo and Uyeo, Ber., 1935, 68, 1756; 1937, 70, 1087) and con- 
firmed by synthesis of its dihydro-derivative (X) (Kelly, Thesis, New Brunswick, under the 
direction of Dr. K. Wiesner; cf. J., 1953, 2094). In this remarkable reaction the presence 
of both the double bond and the quaternary nitrogen is necessary for the ready elimination 
of water, since under Hofmann conditions lycorine itself is stable, and dihydrolycorine 
methohydroxide is resistant, to degradation (Kondo and Katsura, Ber., 1939, 72, 2083). 
It was felt that the elimination of water and the Hofmann degradation might be separate 
processes and this question has now been answered (see below). 

The starting point of the present study lies in the results reported by one of us (H. K.) 
for the Hofmann degradation of lycorine 26 years ago (Kondo and Tomimura, J]. Pharm. 
Soc. Japan, 1928, 48, 36, 223). It was found that when lycorine methohydroxide was 
heated with 20—30% sodium hydroxide it gave along with the methine base a compound 
‘ lycorine pseudomethohydroxide,” to which was ascribed the formula C,,H,,0,N,MeOH, 
m. p. 219° (decomp.). This substance gave, on heating, the methine base and “‘ methyl- 
lycorine isomethine,”’ CygH,,0,N*Me, m. p. 234° (decomp.). When either the latter com- 
pound or “ lycorine pseudomethohydroxide ”’ was heated with methyl iodide in a sealed 
tube they formed the same “‘ methyl anhydrolycorine methiodide,’’ C,gH,,0,N-Me,Mel, 
m. p. 235° (decomp.). The “ methyl anhydrolycorine methiodide ’’ on treatment success- 
ively with silver oxide and hot sodium hydroxide appeared to undergo reversible hydration 
to yield “‘ methyl-lycorine isomethine.”’ These reactions, unusual if correct, have now been 
re-examined. 

The Hofmann degradation proceeded smoothly to the methine base if the methiodide 
was converted by pure silver oxide into the methohydroxide and this then heated in vacuo ; 
but when silver oxide containing alkali was used the main product was a water-soluble, 
ether-insoluble compound which gave an optically inactive iodide, m. p. 228—229°, when 
treated with dilute hydriodic acid or heated on a water-bath with methyl iodide. The 
iodide gave analyses correct for C,,H,,0,NI and could not be extracted from basic solution 
by organic solvents, so was probably quaternary ; it is now called anhydrolycorine methio- 
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dide and is apparently identical with “‘ methyl anhydrolycorine methiodide,” but a direct 
comparison was impossible as the original samples were lost during the war. 

The action of 20% aqueous sodium hydroxide on lycorine «-methohydroxide gave the 
ether-soluble methine base and a water-soluble compound which by analysis and chemical 
properties was shown to be levorotatory anhydrolycorine methocarbonate. This (—)- 
methocarbonate afforded with dilute hydrochloric acid or hydriodic acid, carbon dioxide 
and the corresponding (—)-methochloride, m. p. 219°, and (—)-methiodide respectively. 
From lycorine 8-methohydroxide the same series of compounds could be prepared with 
identical melting points but with equal and opposite rotations. Combination of the 
respective enantiomorphs gave the racemates, and all of these compounds gave analyses 
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in good agreement with the general formula C,,H,,O,NX,yH,O (X = 0-5COs, Cl, or I). 
‘““ Lycorine pseudomethohydroxide,” m. p. 219°, is apparently identical with rac.-anhydro- 
lycorine methochloride, m. p. 219°, since Kondo and Tomimura (loc. cit.) heated the crude 
Hofmann product (a mixture of the methine base and rac.-anhydrolycorine methocar- 
bonate) with chloroform, a procedure which we have now shown (see p. 4627) to convert the 
methocarbonate into the methochloride. It has not been possible in this work to find a 
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compound corresponding in its properties to ‘“‘ methyl-lycorine isomethine ’’ or to confirm 
the postulated reversible hydration. 

Intensive drying of anhydrolycorine methocarbonate at room temperature or drying it 
for a short period at 100° in vacuo gave the methine base (IX) ; the other salts, when refluxed 
with alkali, yielded as expected the same methine base. 

The structure (VIII) for anhydrolycorine methiodide becomes obvious since it must 
differ from lycorine methiodide by the elements of two molecules of water ; it should under- 
go the Hofmann degradation, readily yielding the methine base (1X), and have an asym- 
metric nitrogen atom since the enantiomorphs are formed from the diastereoisomeric a- 
and ~-methiodides which differ only in the configuration about the quaternary nitrogen 
atom. The absorption spectrum agrees with this formulation and, as expected, closely 
resembles its open-chain analogue dihydrolycorine anhydromethine hydrochloride (see 
Fig. 1). 

Further evidence in support of this view comes from the conversion of anhydrolycorin- 
ium chloride (VI) into rac.-anhydrolycorine methiodide (VIII) va (VII). Anhydroly- 


Fic. 2: 


I#0 
Wave-length (mu) 


Fic. 1. (VI), Anhydrolycorinium chloride. (VIII), Anhydrolycorine methochloride. (2%) HCl, Dihydro- 
lycorine anhydromethine hydrochloride. 


Fic. 2. (XIV), Lycorine anhydrohydromethine. (XIV) HCl, Hydrochloride of (XIV). (XV), Hexa- 


hydrolycorine anhydrohydromethine. (II), Lycorine. 


corinium chloride, originally called isolycorine hydrochloride, was first prepared by Kondo 
and Tomimura (loc. cit.) by the action of phosphorus pentachloride or phosphorus oxy- 
chloride on lycorine and was recently reinvestigated (Kondo, Takeda, and Kotera, Ann. 
Report, ITSUU Lab., 1954, 5, 66) and assigned the constitution (VI) mainly on the basis of 
the resemblance of its ultra-violet absorption spectrum (Fig. 1) to that of phenanthrid- 
inium salts. 

Confirmation of these views has now been obtained by application of the Pschorr 
cyclisation. 1-(2-Amino-4 : 5-methylenedioxybenzoy]l)-2 : 3-dihydroindole (XIII) afforded 
on cyclisation mainly 1-piperonyloylindole (this dehydrogenation is discussed below), with a 
smaller quantity of the desired phenanthridone (XII); on reduction by lithium aluminium 
hydride this gave synthetic anhydrolycorine (VII) whose methiodide was identical with 
vac.-anhydrolycorine methiodide (VIII) prepared as above. This also constitutes a syn- 
thesis of lycorine anhydromethine (IX). Anhydrolycorinium chloride (VI) was readily 
prepared in good yield by passing air through a solution of anhydrolycorine in dilute 
ethanolic hydrochloric acid. The synthetic phenanthridone (XII) was also shown to be 
identical with the product of the oxidation of (VI) with potassium ferricyanide (Kondo, 
Takeda, and Kotera, loc. ctt.). 

Until now the constitution of lycorine anhydrohydromethine formed by the Emde 
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degradation of lycorine methochloride has not been clear. The double bond is essential 
for this reaction also, since the dihydro-compound is stable. The Emde base yielded 
formaldehyde with ozone and readily took up three mols. of hydrogen to give a hexahydro- 
lycorine: anhydrohydromethine (Kondo and Katsura, Ber., 1940, 78, 1424). Principally 
for these reasons it was supposed that the Emde base could best be represented by a formula 
such as (XVI) although, as pointed out by Cook and Loudon (loc. cit.), Groenewoud and 
Robinson (J., 1934, 1692) had not been able to demonstrate this type of reduction in the 
Emde reduction of 2-diphenylyltrimethylammonium chloride. 

It has now been found that vac.-anhydrolycorine methochloride undergoes the Emde 
reaction to give lycorine anhydrohydromethine. It would appear therefore that anhydro- 
lycorine methohydroxide is an essential intermediate in this reaction and also that in both 
the Hofmann and the Emde degradation the first step is the elimination of two molecules 
of water from the quaternary salt by the action of base. Since the Emde product is not 
dihydrolycorine anhydromethine (X) it can only be (XIV). The remaining possibility 
(XVII) is eliminated since the Emde base shows a high percentage of C-methyl in the 
Kuhn—Roth determination and the absorption spectrum corresponds to that of a 2-di- 
phenylylamine rather than to that of a non-basic diphenyl system and is strongly affected 
by acid (Fig. 2). Hexahydrolycorine anhydrohydromethine must be the octahydroindole 
(XV); the ultra-violet spectrum is as expected identical with that of lycorine (Fig. 2). 
Conjugation between the two aromatic rings in (XIV) must be largely inhibited since the 
absorption spectrum corresponds very approximately to a summation of the two indepen- 
dent chromophores. The further Emde degradation products of (XIV) (Kondo and Katsura, 
loc. cit.) can be readily interpreted as (XVIII) and (XIX) {[cf. the Emde degradation of 
N-methyldihydroindole methiodide (von Braun and Neumann, Ber., 1916, 49, 1283))}. 

Repetition of the ozonolysis of the Emde base under standard conditions (Kondo and 
Katsura, loc. cit.) has confirmed the production of formaldehyde, but since dihydrolycorine 
anhydromethine also gives formaldehyde this most probably comes from the methylene- 
dioxy-group. Similar results have been observed in other compounds without vinyl 
groups (Karrer and Kebrle, Helv. Chim. Acta, 1952, 35, 862) so that care is necessary in 
the interpretation of such results. 

The two hydroxyl groups in lycorine are vicinal and secondary [lead tetra-acetate 
fission (Kondo and Katsura, Ber., 1940, 73, 112) and stability to acid], and the double bond 
is not conjugated with the aromatic ring (ultra-violet absorption spectrum; Kondo and 
Katsura, tbid., p. 1424) or «8 to the nitrogen atom (pA, measurements). The slight change 
in the position of the peak at 293 my. (e 3500) in the absorption spectrum of lycorine when 
in acidic solution (Amax. 289 my, « 5°%, lower) must be entirely due to the piperonyl residue 
since dihydrolycorine shows the same change. If the double bond is in ring C this leads at 
once to (II) as the only possible structure for lycorine. 

However, if the double bond should be in ring p two further structures (partial formule 
XX and XXI) must be examined, although the stability of lycorine to hot ethanolic 
sulphuric acid which would be expected to shift the double bond exocyclic to the six- 
membered ring into an endocyclic position constitutes strong evidence against this possibility 
(Brown, Brewster, and Schechter, J. Amer. Chem. Soc., 1954, 76, 467). The structure 
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(XXI) cannot account for the formation of the anhydrolycorine methine (IX) and the 
anhydrolycorine metho-salts (cf. VIII) in the Hofmann degradation of the methohydroxide 
and can therefore be dismissed. Furthermore, in both remaining formulz, reaction routes 
such as (XXIII) to (XXIV) or (XXV) to (X XVI) in which elimination of water is an integral 
part of a Hofmann reaction are excluded since they do not account for the retention of 
optical activity of the anhydrolycorine metho-salt. 
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An acceptable mechanism for the formation of the anhydrolycorine metho-salt that 
confirms the formula (II), which was deduced above from elementary considerations and 
is in agreement with biogenetic ideas (Wenkert, Chem. and Ind., 1953, 1088), has previously 
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been advanced (Taylor, Thomas, and Uyeo, Chem. and Ind., 1954, 929). The action of 


base on the quaternary salt removes a proton to give an “ ylide ”’ intermediate (IV) with 
the carbanion stabilised by the adjacent double bond. Decomposition via (V) generates 
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the anhydrolycorine metho-salt (VIII). The postulation of an “ ylide ’’-type intermediate 
has suitable analogy in the literature such as the racemisation of (—)-nicotine bismethiodide 
by mild alkali which does not proceed via the methine base (Spaith and Bobenberger, Ber., 
1944, 77, 362; Wittig, Mangold, and Felletschin, Annalen, 1948, 560, 116) and the ready 
racemisation of (—)-sec.-butylpyridine methiodide by weak base (Doering and Pasternak, 
J. Amer. Chem. Soc., 1950, 72, 143). 

It has not been possible to epimerise (a) the secondary alcoholic groups in either lycorine 
or dihydrolycorine by potassium pentyloxide at 170° (cf. Barton, Experientia, 1950, 6, 
316) or (6) the allylic hydroxyl group in lycorine by 10% ethanolic sulphuric acid (cf. 
Ruzicka, Prelog, and Tagmann, Helv. Chim. Acta, 1944, 27, 1149). The absence of ready 
elimination of the allylic hydroxyl group or of the hydroxyl group § to the aromatic nucleus, 
coupled with the stability of the nitrogen atom of the heterocyclic ring to elimination under 
Hofmann conditions, indicates rather strongly that none of these groups has adjacent 
trans-coplanar hydrogen atoms, that is, all four hydrogen atoms concerned have an axial 
configuration, in so far as the term may be applied to a cyclohexene ring (cf. Barton, 
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Cookson, Klyne, and Shoppee, Chem. and Ind., 1954, 21). Lycorine must therefore have 
the structure and configuration shown in Fig. 3 or its mirror image. 

It is of interest that although the absorption spectrum of anhydrolycorine (VII) and 
9 : 10-dihydro-10-methyl-6 : 7-methylenedioxyphenanthridine (XI) are closely similar, 
there is a marked change in the position of the long-wave-length maximum in dihydrolyco- 
rine anhydromethine (X); apparently this is a steric effect of the ethyl group (Fig. 4). 

In the Pschorr cyclisation mentioned above most of the product was the 1-piperonyloyl- 
indole, the intermediate free radical abstracting initially a hydrogen atom from position 2 
of the dihydroindole nucleus. Dehydrogenation with concomitant removal of the N- 
methyl group becomes important in Pschorr condensations of o-substituted benzanilides 
(Hey and Turpin, Chem. and Ind., 1954, 221). 

As a by-product of this work diazotised 1-(2-amino-4 : 5-methylenedioxybenzoy]l)- 
indole was heated and afforded, as expected, the product (XXII). This compound showed 
a carbonyl band at 1712 cm."}, which is at a rather higher frequency than normal, owing to 
ring strain in the lactam system. 

Added in Proof.—Wenkert (Chem. and Ind., 1954, 1175), who has communicated his 
papers to us before publication, has deduced a structure for lycorine, in which one of the 
vicinal hydroxyl groups is tertiary. This conclusion was influenced by a novel interpret- 
ation of the von Braun degradation of diacetyldihydrolycorine and a revised biogenetic 
scheme for alkaloids of this group (Wenkert and Hansen, 7bid., 1954, 1262). In a forth- 
coming publication it will be shown that Wenkert’s ideas require modification. Two of 
us (W. I. T. and B. R. T.) acknowledge valuable discussions on these topics with Dr. E. 
Wenkert. 


EXPERIMENTAL 


Absorption spectra were taken in 95% ethanol. 
Lycorine.—The base was recovered unchanged after 4 hours’ heating either with 10% ethanolic 
sulphuric acid under reflux or at 170° in sec.-amyl alcohol containing a large excess of the sodium 


alkoxide. ‘Titration in methanol—water gave pk, 6-8 for lycorine and 8-8 for dihydrolycorine 
(cf. Wiesner, Taylor, and Uyeo, Chem. and Ind., 1954, 46). 

(—)-Anhydrolycorine Metho-salts.—An excess of freshly prepared silver oxide was added with 
shaking to lycorine «-methiodide (0-5 g.) in water (8 ml.) and after a short while the mixture was 
filtered. The clear solution was heated on a water-bath for 1 hr. with sodium hydroxide (2 g.), 
becoming turbid, and after a further 12 hr. at room temperature the now semi-solid precipitate 
(0-4 g.) was filtered off and taken up in water—ether. Extraction of the ethereal layer with dilute 
hydrochloric acid and concentration of the acidic solution gave lycorine anhydromethine 
hydrochloride (50 mg.), m. p. 209° (decomp.) (lit., 214—215°) (Found: C, 67-7, 67-8; H, 5-4, 
5-6. Calc. for C,,H,;0,N,HC1: C, 67-7; H, 5:3%). The free base after recrystallisation from 
ether—light petroleum had m. p. and mixed m. p. 97° (Found: C, 76-6; H, 5-4. Calc. for 
C,,H,;0.N: C, 77-0; H, 5-7%). The aqueous layer was concentrated and cooled in ice to 
yield (—)-anhydrolycorine methocarbonate (0-1 g.), m. p. 88—91°, [a]) —49° (c, 2-5 in H,O), after 
recrystallisation from water [Found: in air-dried material, C, 55-5, 55-7; H, 5-9, 5-9; in 
material dried at room temperature over CaCl, to m. p. 153° (decomp.), C, 60-3; H, 5:8. 
C,,H;,0,N.,CO;,,9H,O requires C, 55:6; H, 6-7. C,,H,,0,N,,CO,,6H,O requires C, 59-9; 
H, 6-3%]. An aqueous solution of the salt afforded carbon dioxide on treatment with hydro- 
chloric acid, and barium carbonate on addition of barium hydroxide. The methocarbonate, 
dissolved in a small volume of hot 3% hydrochloric acid, gave, on cooling, the corresponding 
methochlovide, m. p. 79—81°, [%]p —63° (c, 1-9in H,O) [Found : in a sample dried in air, C, 53-7; 
H, 6-0; in a sample dried in vacuo at room temperature to m. p. 162° (decomp.), C, 61-7; H, 
5-9. Cy,H,,0,NCI,4-5H,O requires C, 53-4; H, 6-5. C,,H,gO,NCI,1-5H,O requires C, 62-0; 
H, 5:8%]. The methochloride was also prepared in quantitative yield by refluxing the metho- 
carbonate in chloroform for 20 hr. The methiodide was prepared from the methocarbonate by 
addition of hydriodic acid or refluxing with methy] iodide or addition of potassium iodide to a 
solution of the methochloride, and had m. p. 226° (decomp.), [«]p —56° (c, 2-5 in H,O) (Found : 
C, 50-1, 50-2; H, 4:5, 4:4. C,,H,,O,NI,H,O requires C, 49-7; H, 4-4%). 

(++)-Anhydrolycorine Metho-salts.—In a similar manner, lycorine B-methohydroxide (0-5 g.) 
gave with alkali lycorine anhydromethine and (-+-)-anhydrolycorine methocarbonate (100 mg.), 
m. p. 87—90° (from water), [a], +48° (c, 2-6 in H,O) [Found : in an air-dried sample, C, 55-0; 
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H, 6-1; in a sample dried over CaCl, to m. p. 152° (decomp.), C, 60-3; H, 6-2%]. The meiho- 
chloride had m. p. 79—81°, [a]p) +64° (c, 1-4in H,O) [Found : in material dried in air, C, 53-7; 
H, 6-5; in material dried at 100° to m. p. 163° (decomp.), C, 61-7; H, 58%]. The methiodide 
had m. p. 226° (decomp.), [#]p +538° (c, 3-4 in H,O) (Found: C, 50-0; H, 3-9%). 

rac,-A nhydrolycorine Metho-salts (VII1).—Lycorine (0:5 g.) was converted into the methiodide 
and without separation of the «- and 8-methiodides degraded by the procedure described 
above, yielding, besides lycorine anhydromethine, rac.-anhydrolycorine methocarbonate (0-25 g.), 
m. p. 120—121°, [«]) +0°, after recrystallisation from water [Found : in a sample dried in air, 
C, 55-5; H, 6-0; in a sample dried over calcium chloride to m. p. 177—179° (decomp.), C, 62-3; 
H, 5°8; N, 4:5. C3,H3,0,N,,CO,,4H,O requires C, 62-9; H, 6:0; N, 4:2%]. The methochloride 
prepared from the vac.-methocarbonate or by mixing the enantiomorphs had m. p, 84° (Found : 
in air-dried material, C, 53-4; H, 6:3; in material dried in vacuo at 105° for 3 hr. to m. p. 219° 
(decomp.), C, 64:2; H, 5:5; N, 4:7. C,,H,,0,NCI,H,O requires C, 63-8; H, 5-7; N, 44%). 
The methiodide prepared by the usual methods and also by racemisation of the (-+-)- or (—)- 
enantiomorph by means of iodine or potassium iodide—iodine in aqueous solution, had m. p. 
228° (decomp.) (from water) (Found: C, 52:0; H, 4:2; N, 3-6. C,,H,gO,NI requires C, 52-0; 
H, 4-1; N, 36%). The vac.-methiodide was recovered unchanged after 5 hr. at 100° in ethanol 
or acetic acid saturated with hydrogen chloride. When treated with silver oxide it gave the 
vac.-methohydroxide which, with carbon dioxide, furnished the rac.-methocarbonate, m. p. 
120—121°, undepressed by the compound obtained directly from lycorine methiodide. 

Conversion of Anhydrolycorine Metho-salts into Lycorine Anhydromethine (IX).—When either 

- or (—)-anhydrolycorine methocarbonate was dried in vacuo at room temperature for 7 
days it was converted in almost quantitative yield into water-insoluble lycorine anhydro- 
methine (IX). The solid vac.-methocarbonate was more stable but when heated at 100° for 
5 hr. also gave the methine base. 

A solution of vac.-anhydrolycorine methohydroxide, prepared from rac.-anhydrolycorine 
methiodide (0-2 g.),, was evaporated to dryness and heated at 100° for 30 min. im vacuo. The 
residue, extracted with ether, yielded an oil (0-1 g.) which crystallised from light petroleum to 
give the methine base, m. p. 97° which was further characterised as its picrolonate, m. p. 180 
decomp.) (from ethanol) (Found, on a sample dried for 4 hr. at 100° over P,O;: C, 58-7, 59-0; 
H, 5:2, 5-1. Calc. for C,,H,,0,N,C,,H,O;N,,H,O: C, 59-2; H, 4-6%). 

i:mde Degradation of rac.-Anhydrolycorine Methochloride.—Sodium amalgam (1 g.; 4%) was 
added to vac.-anhydrolycorine methochloride (0-1 g.) in water (4 ml.), and the mixture heated 
on a water-bath for 2 hr. The resulting oil was taken up in ether, dried (K,CO,), and concen- 
trated to give a compound (50 mg.), m. p. 69—70°, prisms from methanol, identical with a 
sample of the Emde base, lycorine anhydrohydromethine (XIV) prepared directly from lycorine 
methochloride (Found: C, 76-9; H, 6-3; C-Me, 3-4, 3-6. Calc. for C,,H,,O,N: C, 76-5; H, 
6-3; 1 C-Me, 5-6%). The vac.-anhydrolycorine methochloride was recovered unchanged after 
attempted reductive splitting with 20° palladium—charcoal or Adams platinum oxide in acetic 
acid. The Emde base was unchanged after being kept at 100° for 2-5 hr. in the presence of 
hydrogen chloride in ethanol. 

Conversion of Anhydrolycorinium Chloride into rac.-Anhydrolycorine Methiodide.— Powdered 
anhydrolycorinium chloride (0-12 g.) was added during 40 min. to lithium aluminium hydride 
(50 mg.) in dry ether (50 ml.) under nitrogen and stirred for 2 hr. at room temperature. The 
product was methylated with methyl sulphate and potassium carbonate to yield the metho- 
sulphate, m. p. 224—225°, which was converted into vac.-anhydrolycorine methiodide, m. p. 
226—228 

Ozonolyses.—Micro-determination of vinyl groups was carried out according to Doeuvre’s 
method following Karrer and Kebrle (/oc. cit.). Oxygen containing 1% of ozone passed into a 
solution of the sample at a rate of 30 ml./min. gave the following yields (%) of formaldehyde 
after 5 min. and, in parentheses, 15 min. Quinine, 55; lycorine anhydrohydromethine 15-4 
(33-4); dihydrolycorine anhydromethine, 1-5 (63-7); lycorine anhydromethine, 39 (100). 

2: 3-Dihydvo-1-piperonyloylindole.—Condensation of piperonyloyl chloride with dihydro- 
indole in the presence of pyridine gave the amide, m. p. 116—117°, Apax, 295 my. (e 15,000) 
(Found: C, 71-8; H, 5-1; N, 5-2. C,,H,,O,N requires C, 71-9; H, 4-9; N, 5-2%). 

2: 3-Dihvdro-1-(4 : 5-methylenedioxy-2-nitrobenzoyl)indole.—2 : 3-Dihydroindole (1 g.) in 
chloroform (5 ml.) and pyridine (5 ml.) was added te a solution of excess of 4: 5-methylenedioxy- 
2-nitrobenzoyl chloride in chloroform. The chloroform was distilled off and the residue kept 
at 100° for 30 min. Aqueous ethanol was then added and the precipitate was chromatographed 
in chloroform over alumina. The yellow band, on elution, afforded the pure nitro-amide, 
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yellow prisms m. p. 217—218° (from chloroform-—ethanol) (Found: C, 61-0, 61-1; H, 3-8, 3-9; 
N, 9-1. C,gH,,0,N, requires C, 61:5; H, 3-9; N, 8-9%). 

]-(2-A mino-4 : 5-methylenedioxybenzoyl)-2 : 3-dihydroindole (XIII).—Reduction of the nitro- 
amide in ethyl acetate-ethanol in presence of Raney nickel, followed by addition of excess of 
hydrochloric acid, gave the amino-amide hydrochloride, m. p. 244—246° (decomp.) (from 95% 
ethanol) (Found: C, 60-0; H, 4-9; N, 8-9. C,,H,,;0,N,Cl requires C, 60-3; H, 4:7; N, 8-8%). 
The amino-amide (XIII) crystallised in prisms, m. p. 142—143°, from ethyl acetate (Found : 
C, 67-8; H, 5-1. C,gH,,0O,N, requires C, 68-1; H, 5-0%). 

Pschory Cyclisation of the Amino-amide.—The amino-amide (1 g.), diazotised in 5% sulphuric 
acid (30 ml.), was set aside at room temperature for 1 hr., then at 75° for 2 hr., and finally at 
100° for a further hour. The dried chloroform extract was chromatographed over alumina. 
From the first fractions 1-piperonyloylindole (300 mg.) was isolated and, crystallised from 
ethanol, had m. p. 92—93°, Ajax, 306 and 250 my (c 8500 and 11,000) (Found: C, 72-4; H, 4:2; 
N, 5:3. C,gH,,O,N requires C, 72:5; H, 4:2; N, 5:3%). Alkaline hydrolysis gave indole, 
m. p. and mixed m. p. 42°, and piperonylic acid, m. p. and mixed m. p. 224—227°. Further 
elution with chloroform removed a yellow band which gave 6: 7-methylenedioxypyrrolino- 
(3’: 2’: 1’-1: 10a: 10)phenanthridone (XII) (100 mg.), m. p. 232—234° (from chloroform-— 
ethanol), Amax, 342, 274, and 242 my (<e 4000, 13,000, and 30,000) (Found: C, 72-5; H, 4:2; 
N, 5:3. Cy, gH,,O,N requires C, 72:5; H, 4:2; N, 5-3%). The ultra-violet absorption spectrum 
was identical with that of the anhydrolycorine lactam obtained from anhydrolycorinium 
hydrochloride and it gave an undepressed mixed m. p. 

9 : 10-Dihydro-6 : 7-methylenedioxypyrrolino(3’ : 2’: 1’-1: 10a: 10)phenanthridine (Anhydro- 
lycorine) (VII).—The above phenanthridone (120 mg.) was extracted into excess of lithium alu- 
minium hydride in boiling ether. The product was crystallised from 95% ethanol to yield the 
dthydrophenanthridine (VII) (60 mg.), m. p. 1L1—112°, Amax, 345, 287, and 250 my (e 5000, 4500, 
and 12,000) (Found: C, 76-4; H, 5:3; N, 5:8. C,.H,,0,N requires C, 76-5; H, 5-2; N, 5-6%). 
The synthetic base showed identical m. p. and ultra-violet absorption spectrum on comparison 
with anhydrolycorine prepared from anhydrolycorinium chloride (Kondo, Takeda, and Kotera, 
loc. cit.). In ethanolic hydrochloric acid the absorption spectrum changed rapidly to that of 
the anhydrolycorinium salt. The methiodide, m. p. 232—235° (Found: C, 52:3; H, 4:1; 
N, 3-6%), was identical in m. p., mixed m. p., and ultra-violet and infra-red spectra with 
vac.-anhydrolycorine methiodide. 

Preparation of Anhydrolycorinium Chloride from the Dihydrophenanthridine.—The dihydro- 
phenanthridine (30 mg.) was dissolved in ethanol (2 ml.), one drop of concentrated hydrochloric 
acid was added, and air was bubbled through the solution for 1 hr. The product, crystallised 
from ethanol, gave anhydrolycorinium chloride, decomp. 280—285°, Ayax, 341, 280, 270, and 
258 my (ec 7000, 22,000, 23,000, and 22,000) (Found: C, 62-6; H, 4:6. C,gH,,O,NCI,1-33H,O 
requires C, 62-6; H, 4:8%). 

9 : 10-Dihydro-10-methyl-6 : 7-methylenedioxyphenanthridine (XI).—The_ corresponding 
phenanthridone (Forrest, Haworth, Pinder, and Stevens, /J., 1949, 1311) was reduced with 
lithium aluminium hydride in boiling ether to the dihyvdrophenanthridine (XI), m. p. 84—85°, 
Amax, 339, 280, and 249 mu (ec 7500, 5500, and 17,000) (Found: C, 75-3; H, 5-6; N, 5-9. 
C,;H,,0,N requires C, 75-3; H, 5-5; N, 5-9%). In ethanolic hydrochloric acid the absorption 
spectrum has max. at 319 and 278 my (¢ 750) and 10,000). 

1-(4 : 5-Methylenedioxy-2-nitrobenzoyl)indole.—4 : 5-Methylenedioxy-2-nitrobenzoyl chloride 
(from 2-6 g. of acid) in acetone (25 ml.) was added dropwise to a stirred solution of indole (1 g.), 
potassium hydroxide (1-7 g.) in water (2-5 ml.) and acetone (15 ml.) at 10°. After addition of 
more potassium hydroxide (1 g.) and 1} hours’ stirring the precipitated potassium 4 : 5-methyl- 
enedioxy-2-nitrobenzoate was filtered off, and the solution concentrated to dryness, then dis- 
solved in chloroform—water. The chloroform extract yielded the xttro-amide (0-7 g.), m. p. 
132—133°, yellow needles from ethanol (Found: C, 62-1; H, 3-2. CygHyO;N, requires C, 
62-0; H, 3-3%). 

1-(2-Amino-4 : 5-methylenedioxyvbenzovl)indole.—The nitro-amide (0-5 g.) in acetone (25 ml.) 
was hydrogenated in the presence of 15%, palladium-—charcoal (0-3 g.). to give the amino-amide 
(0-3 g.), m. p. 139—140° (from ethanol), Apax. 872 and 251 my (< 9000 and 25,000) (Found : 
C, 68-7; H, 4:7; N, 10:1. C,,H,,0,N, requires C, 68-6; H, 4-4; N, 10-:0%). 

Pschory Cyclisation.—The amino-amide (0-1 g.) was diazotised at 0° in 3% methanolic 
sulphuric acid (12 ml.). After 30 min. at room temperature, copper bronze was added and 
after a further 30 min. the mixture was heated on a water-bath for a short period, filtered, and 
taken to dryness. The solid was extracted with chloroform and chromatographed on alumina, 
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H, 6:1; in a sample dried over CaCl, to m. p. 152° (decomp.), C, 60:3; H, 6:2%]. The metho- 
chloride had m. p. 79—81°, [a]p +64° (c, 1-4 in H,O) [Found : in material dried in air, C, 53-7; 
H, 6-5; in material dried at 100° to m. p. 163° (decomp.), C, 61-7; H, 5:8%]. The methiodide 
had m. p. 226° (decomp.), [#]p) +53° (c, 3-41n H,O) (Found: C, 50-0; H, 3-9%). 

rac,-A nhydrolycorine Metho-salts (VII1).—Lycorine (0:5 g.) was converted into the methiodide 
and without separation of the «- and §-methiodides degraded by the procedure described 
above, yielding, besides lycorine anhydromethine, rac.-anhydrolycorine methocarbonate (0-25 g.), 
m. p. 120—121°, [«], +.0°, after recrystallisation from water [Found : in a sample dried in air, 
C, 55-5; H, 6-0; in a sample dried over calcium chloride to m. p. 177—179° (decomp.), C, 62-3; 
H, 5-8; N, 4-5. C,,H,,0,N,,CO,,4H,O requires C, 62-9; H, 6-0; N, 4:2%]. The methochloride 
prepared from the rvac.-methocarbonate or by mixing the enantiomorphs had m. p, 84° (Found : 
in air-dried material, C, 53-4; H, 6-3; in material dried in vacuo at 105° for 3 hr. to m. p. 219° 
(decomp.), C, 64:2; H, 5-5; N, 4:7. C,,H,,0,NCI,H,O requires C, 63:8; H, 5-7; N, 4:4%). 
The methiodide prepared by the usual methods and also by racemisation of the (-+-)- or (—)- 
enantiomorph by means of iodine or potassium iodide—iodine in aqueous solution, had m. p. 
228° (decomp.) (from water) (Found: C, 52-0; H, 4:2; N, 3-6. C,,H,,O,NI requires C, 52-0; 
H, 4:1; N, 3:6%). The vac.-methiodide was recovered unchanged after 5 hr. at 100° in ethanol 
or acetic acid saturated with hydrogen chloride. When treated with silver oxide it gave the 
rac.-methohydroxide which, with carbon dioxide, furnished the rac.-methocarbonate, m. p. 
120—121°, undepressed by the compound obtained directly from lycorine methiodide. 

Conversion of Anhydrolycorine Metho-salts into Lycorine Anhydromethine (IX).—When either 

}+-)- or (—)-anhydrolycorine methocarbonate was dried in vacuo at room temperature for 7 
days it was converted in almost quantitative yield into water-insoluble lycorine anhydro- 
methine (IX). The solid vac.-methocarbonate was more stable but when heated at 100° for 
5 hr. also gave the methine base. 

A solution of vac.-anhydrolycorine methohydroxide, prepared from rac.-anhydrolycorine 
methiodide (0-2 g.), was evaporated to dryness and heated at 100° for 30 min. im vacuo. The 
residue, extracted with ether, yielded an oil (0-1 g.) which crystallised from light petroleum to 
give the methine base, m. p. 97° which was further characterised as its picrolonate, m. p. 180 
decomp.) (from ethanol) (Found, on a sample dried for 4 hr. at 100° over P,O;: C, 58-7, 59-0; 
H, 5:2, 5-1. Calc. for C,,H,,0,N,C,,H,0,;N,,H,O: C, 59-2; H, 4-6%). 

L:mde Degradation of rac.-Anhydrolycorine Methochloride.—Sodium amalgam (1 g.; 4%) was 
added to vac.-anhydrolycorine methochloride (0-1 g.) in water (4 ml.), and the mixture heated 
on a water-bath for 2 hr. The resulting oil was taken up in ether, dried (K,CO,), and concen- 
trated to give a compound (50 mg.), m. p. 69—70°, prisms from methanol, identical with a 
sample of the Emde base, lycorine anhydrohydromethine (XIV) prepared directly from lycorine 
methochloride (Found: C, 76-9; H, 6-3; C-Me, 3-4, 3-6. Calc. for C,,H,,O,N: C, 76-5; H, 
6-3; 1 C-Me, 5-6%). The rac.-anhydrolycorine methochloride was recovered unchanged after 
attempted reductive splitting with 20% palladium-charcoal or Adams platinum oxide in acetic 
acid. The Emde base was unchanged after being kept at 100° for 2-5 hr. in the presence of 
hydrogen chloride in ethanol. 

Conversion of Anhydrolycorinium Chloride into rac.-Anhydrolycorine Methiodide.—Powdered 
anhydrolycorinium chloride (0-12 g.) was added during 40 min. to lithium aluminium hydride 
(50 mg.) in dry ether (50 ml.) under nitrogen and stirred for 2 hr. at room temperature. The 
product was methylated with methyl sulphate and potassium carbonate to yield the metho- 
sulphate, m. p. 224—-225°, which was converted into rvac.-anhydrolycorine methiodide, m. p. 
226—228°. 

Ozonolyses.—Micro-determination of vinyl groups was carried out according to Doeuvre’s 
method following Karrer and Kebrle (loc. ctt.). Oxygen containing 1% of ozone passed into a 
solution of the sample at a rate of 30 ml./min. gave the following yields (%) of formaldehyde 
after 5 min. and, in parentheses, 15 min. Quinine, 55; lycorine anhydrohydromethine 15-4 
(33-4); dihydrolycorine anhydromethine, 1-5 (63-7); lycorine anhydromethine, 39 (100). 

2 : 3-Dihydro-1-piperonyloylindole.—Condensation of piperonyloyl chloride with dihydro- 
indole in the presence of pyridine gave the amide, m. p. 116—117°, Anay, 295 my (e 15,000) 
(Found : C, 71-8; H, 5:1; N, 5-2. C,,H,,0,N requires C, 71-9; H, 4-9; N, 5:2%). 

2: 3-Dihvdro-1-(4 : 5-methylenedioxy-2-nitrobenzoyl)indole.—2 : 3-Dihydroindole (1 g.) in 
chloroform (5 ml.) and pyridine (5 ml.) was added to a solution of excess of 4 : 5-methylenedioxy- 
2-nitrobenzoyl! chloride in chloroform. The chloroform was distilled off and the residue kept 
at 100° for 30 min. Aqueous ethanol was then added and the precipitate was chromatographed 
in chloroform over alumina. The yellow band, on elution, afforded the pure mitro-amide, 
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yellow prisms m. p. 217—218° (from chloroform-—ethanol) (Found: C, 61-0, 61-1; H, 3-8, 3-9; 
N, 9-1. Cy gH,,0;N, requires C, 61:5; H, 3-9; N, 8-9%). 

]-(2-Amino-4 : 5-methylenedioxybenzoyl)-2 : 3-dihydroindole (XIII).—Reduction of the nitro- 
amide in ethyl acetate-ethanol in presence of Raney nickel, followed by addition of excess of 
hydrochloric acid, gave the amino-amide hydrochloride, m. p. 244—246° (decomp.) (from 95% 
ethanol) (Found : C, 60-0; H, 4-9; N, 8-9. C,,H,,0,N,Cl requires C, 60-3; H, 4:7; N, 8-8%). 
The amino-amide (XIII) crystallised in prisms, m. p. 142—143°, from ethyl acetate (Found : 
C, 67-8; H, 5-1. C,gH,,0O,N, requires C, 68-1; H, 5-0%). 

Pschory Cyclisation of the Amino-amide.—The amino-amide (1 g.), diazotised in 5% sulphuric 
acid (30 ml.), was set aside at room temperature for 1 hr., then at 75° for 2 hr., and finally at 
100° for a further hour. The dried chloroform extract was chromatographed over alumina. 
From the first fractions 1-piperonyloylindole (300 mg.) was isolated and, crystallised from 
ethanol, had m. p. 92—93°, Ajax, 306 and 250 my (¢ 8500 and 11,000) (Found: C, 72-4; H, 4-2; 
N, 5:3. C,gH,,O,N requires C, 72-5; H, 4:2; N, 5-3%). Alkaline hydrolysis gave indole, 
m. p. and mixed m. p. 42°, and piperonylic acid, m. p. and mixed m. p. 224—227°. Further 
elution with chloroform removed a yellow band which gave 6: 7-methylenedioxypyrrolino- 
(3: 2’: 1’-1: 10a: 10)phenanthridone (XII) (100 mg.), m. p. 232—234° (from chloroform— 
ethanol), Amax, 342, 274, and 242 my (ce 4000, 13,000, and 30,000) (Found: C, 72-5; H, 4-2; 
N, 5:3. C,,H,,O,N requires C, 72-5; H, 4:2; N, 5:3%). The ultra-violet absorption spectrum 
was identical with that of the anhydrolycorine lactam obtained from anhydrolycorinium 
hydrochloride and it gave an undepressed mixed m. p. 

9 : 10-Dihydro-6 : T-methylenedioxypyrrolino(3’ : 2’: 1’-1: 10a: 10)phenanthridine (Anhydro- 
lycorine) (VII).—The above phenanthridone (120 mg.) was extracted into excess of lithium alu- 
minium hydride in boiling ether. The product was crystallised from 95% ethanol to yield the 
dihydrophenanthridine (VII) (60 mg.), m. p. 111—112°, Anax, 345, 287, and 250 muy (e 5000, 4500, 
and 12,000) (Found: C, 76-4; H, 5-3; N, 5-8. C,,H,,O,N requires C, 76-5; H, 5-2; N, 56%). 
The synthetic base showed identical m. p. and ultra-violet absorption spectrum on comparison 
with anhydrolycorine prepared from anhydrolycorinium chloride (Kondo, Takeda, and Kotera, 
loc. cit.). In ethanolic hydrochloric acid the absorption spectrum changed rapidly to that of 
the anhydrolycorinium salt. The methiodide, m. p. 232—235° (Found: C, 52:3; H, 4:1; 
N, 3:6%), was identical in m. p., mixed m. p., and ultra-violet and infra-red spectra with 
vac.-anhydrolycorine methiodide. 

Preparation of Anhydrolycorinium Chloride from the Dihydrophenanthridine.—The dihydro- 
phenanthridine (30 mg.) was dissolved in ethanol (2 ml.), one drop of concentrated hydrochloric 
acid was added, and air was bubbled through the solution for 1 hr. The product, crystallised 
from ethanol, gave anhydrolycorinium chloride, decomp. 280—285°, Anax, 341, 280, 270, and 
258 mu (e 7000, 22,000, 23,000, and 22,000) (Found: C, 62-6; H, 4:6. C,gH,,O,NCI,1-33H,O 
requires C, 62-6; H, 4-8%). 

9 : 10-Dihydro-10-methyl-6 : 7-methylenedioxyphenanthridine (XI).—The corresponding 
phenanthridone (Forrest, Haworth, Pinder, and Stevens, /., 1949, 1311) was reduced with 
lithium aluminium hydride in boiling ether to the dihydrophenanthridine (XI), m. p. 84—85°, 
Amax, 339, 280, and 249 mu (ce 7500, 5500, and 17,000) (Found: C, 75-3; H, 5-6; N, 5-9. 
C,;H,,0,N requires C, 75-3; H, 5-5; N, 5-9%). In ethanolic hydrochloric acid the absorption 
spectrum has max. at 319 and 278 my (e 750) and 10,000). 

1-(4 : 5-Methylenedioxy-2-nitrobenzoyl)indole.—4 : 5-Methylenedioxy-2-nitrobenzoyl chloride 
(from 2-6 g. of acid) in acetone (25 ml.) was added dropwise to a stirred solution of indole (1 g.), 
potassium hydroxide (1-7 g.) in water (2-5 ml.) and acetone (15 ml.) at 10°. After addition of 
more potassium hydroxide (1 g.) and 1} hours’ stirring the precipitated potassium 4 : 5-methyl- 
enedioxy-2-nitrobenzoate was filtered off, and the solution concentrated to dryness, then dis- 
solved in chloroform—water. The chloroform extract yielded the nitro-amide (0-7 g.), m. p. 
132—133°, yellow needles from ethanol (Found: C, 62:1; H, 3-2. C,gH.O;N, requires C, 
62-0; H, 3-3%). 

1-(2-A mino-4 : 5-methylenedioxybenzoyl)indole.—The nitro-amide (0-5 g.) in acetone (25 ml.) 
was hydrogenated in the presence of 15% palladium—charcoal (0-3 g.). to give the amino-amide 
(0-3 g.), m. p. 139—140° (from ethanol), Amax, 372 and 251 my (<¢ 9000 and 25,000) (Found : 
C, 68-7; H, 4:7; N, 10-1. C,,H,.0O,N, requires C, 68-6; H, 4-4; N, 10-0%). 

Pschory Cyclisation—The amino-amide (0-1 g.) was diazotised at 0° in 3% methanolic 
sulphuric acid (12 ml.). After 30 min. at room temperature, copper bronze was added and 
after a further 30 min. the mixture was heated on a water-bath for a short period, filtered, and 
taken to dryness. The solid was extracted with chloroform and chromatographed on alumina, 
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giving the tetracyclic lactam (XXII) (20 mg.), m. p. 214—216°, yellow needles from ethanol 
(Found: C, 73-0; H, 3-6. C,,H,O,N requires C, 73-0; H, 3-6%), Amax, 365, 352, 314, 301, 274 
and 248 mu (c 6000, 6000, 28,000, 26,000, 30,000 and 22,500). 
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of the C-F, C-Br, and C-I Links in Aromatic Amines. 
By G. M. K. HuGues and B. C. SAUNDERS. 
[Reprint Order No. 5664.] 


Peroxidase oxidation of p-fluoroaniline gave chiefly 2-amino-5-p-fluoro- 
anilino-p-benzoquinone di-p-fluoroanil, involving rupture of a C-F bond, 
with elimination of fluorine as F~. Oxidations of p-bromo- and p-iodo- 
aniline follow analogous courses. The eliminated I~ was oxidised during 
the reaction to I,, and this iodinated some unchanged amine. Unlike p- 
fluoroaniline, p-bromo- and p-iodo-aniline gave appreciable quantities of 
the corresponding azo-compounds. 

The mechanisms of the reactions are discussed, and the main products 
can be accounted for by unsymmetrical pairing of initially formed anilino- 
radicals, followed by elimination of hydrogen halide. 

Thyroxine was not among the products of the oxidation of 3 : 5-di-iodo- 
tyrosine. 


THE peroxidase-catalysed oxidation of #-chloroaniline (Daniels and Saunders, J., 1953, 
822) demonstrated the ease with which the oxidising system can eliminate para-substituents 
from certain amines. This gxidation was unique in that appreciable quantities of 4 : 4’- 
dichloroazobenzene were also formed, whereas azo-compounds were produced in negligible 
quantities from other amines. We have now extended the work to the other para-halo- 
genated amines, it being of especial interest to ascertain whether the strong C-F bond in 
p-fluoroaniline could be broken, and whether azo-compound formation was general for 
these amines. 

Routine oxidations were carried out in acetate buffer, as preliminary experiments had 
shown that there was a fall of pH. With #-fluoroaniline the change was from pH 4:5 to 
pH 3-9, and the yield of oxidation product was only 25%. However, even in a buffered 
medium the yields were never greater than 35%. This was attributed to the accumulation 
of fluoride ion. 

The red-brown solid oxidation product was split into fractions by solvent extraction, 
and each extract was chromatographed on alumina. Petroleum-soluble material (62-5°%) 


p-X-C,HyN 
(I) R = C,H,F, X = F. (IV) R=H, X = Br. 


_ ee NHR (i) R= HX =P, (V) Rew. Red. 
p-X°C HyeNH\ (11) R = p-C,H,Br, X = Br. (VI) R=H,X =CL. 


N-C,H,X-p 


gave two red compounds (I) and (II). The latter was identified by elementary analysis, 
acetylation, and reaction with #-fluoroaniline, as 2-amino-5-p-fluoroanilino-p-benzoquinone 
di-p-fluoroanil. Infra-red, visible, and ultra-violet absorption spectra were compared with 


* Part VIII, J., 1953, 822. 
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those of the corresponding chloro-compound (VI). A major feature of the infra-red spec- 
trum is three bands in the 3200—3500-cm."! region, which are assigned to three N—H bonds. 
These three bands are present in all compounds having R = H, while only one in the 
3250—3340-cm.-! region appears in compounds having R = C,H,X, where X is H or Me. 
The ultra-violet and visible maxima are recorded in the Experimental section for com- 
pounds (IT), (IV), and (V), and provide important corroborative evidence. More detailed 
analysis of these spectra will be published later. 

The product (I) was identified by synthesis from benzofurazan oxide and /-fluoroaniline 
(cf. Ruggli and Buchmeier, Helv. Chim. Acta, 1945, 28, 850). The structure of the simpler 
anil (II) being known, that of its homologue (I) follows from formation of the latter from 
the former by the reaction with p-fluoroaniline. 

Chromatography of the ether-soluble part of the oxidation product gave further quan- 
tities of (I) and (II), with traces of an orange compound, probably 4 : 4’-difluoroazobenzene. 

The formation of the anils (I) and (II) requires that one fluorine atom should be elimin- 
ated between five and four molecules of #-fluoroaniline respectively. Calculation shows 
that in a typical experiment, proceeding to 30% completion, the concentration of F- 
would be ca. 7 x 10°3m. Actually no fluoride ion could be detected by the addition of 
calcium chloride to the red filtrate of the reaction mixture, but its presence on the walls of 
the reaction vessel was demonst@Ated easily by the potassium dichromate-sulphuric acid 
reaction (cf. Saunders and Stacey, J., 1948, 1773). Since peroxidase action is inhibited 
(though not totally in our experience) by concentrations of fluoride greater than about 
1 x 10°°m (Sumner and Myrback, ‘ The Enzymes,’’ Academic Press, New York, 1951, 
Vol. II, p. 426), it is clear that this is the cause of the low yields in this oxidation. (Large 
amounts of enzyme added to small test portions of the reaction mixture did, in fact, give 
greater yields, confirming this view.) 

Unlike /-chloroaniline, -fluoroaniline gave only traces of azo-compound and, to 
investigate whether this was in accord with the mechanism of the reactions, we oxidised 
p-bromoaniline and p-iodoaniline in aqueous buffer. -Bromoaniline afforded the analo- 
gous anils (III) and (IV), and in addition 4 : 4’-dibromoazobenzene was isolated (17-5°%, 
of the product). The anils were identified as in the previous case. The colourless filtrate 
from this oxidation gave a positive test for bromide ion. 

From the solid oxidation product of #-iodoaniline were isolated, initially, 4 : 4’-di- 
iodoazobenzene and an anil (V). Infra-red and visible absorption spectra indicated that 
this anil was the analogue of (II), (IV), and (VI). Analysis and acetylation confirmed that 
it was 2-amino-5-p-iodoanilino-p-benzoquinone di-p-iodoanil. Like its analogues, it must 
be formed with elimination of iodine at some stage, yet the filtrate contained neither iodine 
nor any common iodine-containing anion. It is known. that peroxidase catalyses the 
oxidation of iodide ion to molecular iodine (Bansi and Ucko, Z. physiol. Chem., 1926, 159, 
235) and that quinones also effect this oxidation. Thus iodine was most likely to be 
present as I,. However, p-iodoaniline reacted immediately with aqueous iodine. That 
this had been the fate of the iodine was shown by the isolation, from the mother-liquors 
from an initial recrystallisation of the anil (V), of 2 : 4-di-iodoaniline, which was synthesised 
by the action of iodine monochloride (generated im situ) on aniline (cf. Bradfield, Orton, 
and Roberts, J., 1928, 782). 

It has been postulated that peroxidase-catalysed oxidations involve the free radical 
(VII) (cf. Saunders and Mann, J., 1940, 769), formed either by direct loss of a hydrogen 
atom or by electron-removal followed by loss of a proton. Symmetrical pairing of two such 
radicals would give hydrazo-compounds which would be oxidised to the corresponding 
azo-compounds. The problem remaining is the mechanism by which compounds (I)—(VI) 
are formed from these radicals. An initial unsymmetrical dimerisation of the radical 
(VII) would give a substituted quinone di-imine (IX) by elimination of R’’, when R” = F, 
Cl, Br, or land R’ = R” = H;; the imine (IX), by a series of established addition and 
oxidation reactions, would give the products (I)—(VI). In Part VI (/., 1951, 2112) it 
was postulated that the formation of the imine (IX) involved the coupling of a radical 
with a molecule of unchanged amine. In the light of the present work it is regarded as 
unlikely that a radical (VII) reacts with an amine, as there are no products involving 
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substitution meta to the amino-group. Hey and his co-workers (/., 1951, 2892; 1952, 
2094) have shown that radical substitution leads to a mixture of all isomers, though the 
meta-isomer is formed to the least extent. Thus we postulate unsymmetrical pairing of the 
radical (VII) to give (VIII) (R’” = halogen), which, by a one- or a two-stage process, gives 
the imine (IX). This simple explanation accounts for both the fall in pH and the production 
of the ion R” 

‘NH 

INR’ 

\/ / 

R” Ry 

(VIT} (VIII) 


When the side reactions of iodination are taken into account, the yields of the azo- 
compounds from the f-chloro-, p-bromo-, and p-iodo-aniline represent 15% of the total 
solid products, in contrast to a virtual absence in the case of p-fluoroaniline. The formation 
of an azo-compound will depend on the degree of localisation of the lone electron on the 
nitrogen atom in the radical (VII). The relative order of this localisation will be the reverse 
of that in the parent amines, where it is manifested by their basic strengths. These 
strengths, 10!2A, in 30% ethanol, are X = F 120, Cl 28-8, Br 21-9, I 15-1, and H 126 
(Ingold “‘ Structure and Mechanism in Organic Chemistry,” Bell, London, 1953, p. 741). 
The same +J and —E effects will operate in the radical and will determine the relative 
contributions of the forms (VIIa and b). Since f-fluoroaniline is a considerably stronger 
base than the other halogenated anilines, the electron release is much greater and the 
radical (VIId) will play a proportionately greater part. This decreases the relative amount 
of azo-compound formed, as we have shown experimentally. 


: P ER oat 
(VIIa) aaa Calg aes <> {Nex (VIB) 


The elimination of iodine from f-iodoaniline suggested the study of another iodine- 
containing substrate, namely, 3: 5-di-iodotyrosine. Oxidation of this resulted in the 
liberation of iodine. This indicated that thyroxine could not be among the oxidation 
products, and that the reaction had proceeded by the dimerisation of two radicals (in which 
the electron may be considered as localised on the carbon atom ortho to the hydroxy] 
group) with elimination of iodine. This is in agreement with the mode of oxidation of 
phenols by peroxidase investigated in this laboratory (unpublished work). Examination 
of the products as described by Reincke and Turner (J. Biol. Chem., 1946, 162, 369) failed 
to reveal any thyroxine. We believe these results are in agreement with the findings 
(unpublished) of Harington and Pitt-Rivers. 


EXPERIMENTAL 
Oxidation of p-Fluoroaniline.—p-Nitrofluorobenzene, b. p. 85-5°/14 mm., was prepared on 
the 0-33-molar scale from fluorobenzene in 60—70% yield (Bradlow and VanderWerf, J. Amer. 
Chem. Soc., 1948, 70, 654). Synthesis by a Schiemann reaction on p-nitroaniline gave a yield 
of only 38%. Reduction to the amine was effected both catalytically (nickel in alcohol at 
40°/50 atm.), and by tin and hydrochloric acid, in 80—85% yield on the 0-14-molar scale. 
Since preliminary experiments showed a fallin pH during oxidation in an unbuffered medium, 
subsequent oxidations of this amine and p-bromo- and p-iodo-aniline were conducted in 0-5m- 
acetate buffer, pH 4-73 (NaOAc,3H,O 68 g.; AcOH 57 ml.; H,O to 11). 
lo p-fluoroaniline (10 g.), dissolved in the buffer solution (500 ml.), were added hydrogen 
peroxide (2 ml.; 20-vol.), and a diluted solution of highly purified horse-radish peroxidase 
(1 ml.; P.N. 15) (kindly supplied by Prof. Keilin), and the additions were repeated intermit- 
tently to a total volume of 40 ml. of hydrogen peroxide. (No immediate reaction was observed 
in the absence of enzyme, though 2% of oxidation occurred in 3 weeks.) The introduction of 
enzyme immediately produced a red colour, which deepened during the oxidation to a dark per- 
manganate hue, and a red-brown solid was slowly precipitated. The mixture was filtered, and the 
residue washed, dried (2-5—3-5 g.), and examined as below. The filtrate [pH unaltered (4-73) 
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gave no precipitate with calcium chloride, but the walls of the reaction vessel, after thorough 
washing to remove all organic material, gave a positive reaction for fluoride ion with hot potas- 
sium dichromate and concentrated sulphuric acid, exhibiting the characteristic non-wettability. 

The red-brown product (5-4 g.) was extracted (Soxhlet) successively with light petroleum 
(4 x 150 ml., b. p. 40—60°; 2 x 150 ml., b. p. 80—100°) and ether (200 ml.). The combined 
red petroleum extracts on evaporation gave a red-brown semi-crystalline mass (3-37 g.). The 
ether extract similarly gave an orange crystalline mass (1-26 g.). 

The petroleum-soluble material (2-15 g.) was chromatographed on alumina in benzene. 
The lowest band gave a red crystal (35 mg.), m. p. 260—261°, identified by synthesis (below) as 
2 : §-di-p-fluoroanilino-p-benzoquinone di-p-fluoroanil (I). The next band, the major con- 
stituent, gave, on concentration of its eluate, 2-amino-5-p-fluoroanilino-p-benzoquinone di-p- 
fluoroanil (II), as red crystals (1-30 g.), m. p. 191—192°, unaltered on recrystallisation from 
methanol—benzene (Found: C, 69-1; H, 4-4; N, 12-9. C,,H,,N,F, requires C, 68-8; H, 4:1; 
N, 13-4%). Its infra-red spectrum showed maxima at, inter alia, 3311, 3362, and 3484 cm.-, 
in ether there were max. at 274 and 354 muy (e 19,000 and 20,300 respectively) with an inflexion 
at 405—407 mu (ce 12,700). 

The ether-soluble material (855 mg.) was chromatographed on alumina in benzene, giving 
at least six bands. The first yielded only 1 mg. of orange material which gave a deep yellow 
colour with concentrated sulphuric acid, indicating the presence of 4: 4’-difluoroazobenzene. 
The second band on concentration and addition of methanol gave red crystals (10 mg.), m. p. 
and mixed m. p. with the anil (I), 261—262°. The third band similarly gave further quantities 
of the anil (II) (306 mg.), m. p. and mixed m. p. 191—192°. 

Reactions of the Amino-anil (II).—(a) The product (II) (79 mg.) was heated under reflux 
for 20 min. with acetic anhydride (5 ml.), and from the cooled solution 2-acetamido-5-p-fluoro- 
anilino-p-benzoquinone di-p-fluoroanil crystallised as dark red needles ; recrystallised from ethanol 
it had m. p. 211° (Found: C, 68-0; H, 4:6; N, 12-0. C,,H,,ON,F; requires C, 67-9; H, 4:1; 
N, 12-2%). 

(b) The product (II) (98 mg.) was heated in acetic acid (10 ml.) and water (5 ml.) with 
p-fluoroaniline (1 ml.) at 100° for 2 hr. After cooling, the mixture was filtered, and the residue 
washed with hot methanol and dried (75 mg.; m. p. 245—246°). After two recrystallisations 
from benzene-light petroleum (b. p. 100—120°) the product had m. p. 260° and the mixed 
m. p. with 2 : 5-di-p-fluoroanilino-p-benzoquinone di-p-fluoroanil was 261—262°. 

Synthesis of 2: 5-Di-p-fluoroanilino-p-benzoquinone Di-p-fluoroanil (I) (cf. Ruggli and 
Buchmeier, /oc. cit.).—Benzofurazan oxide (Green and Rowe, J., 1912, 101, 2455) (405 mg.) 
was added during 5 min. to a stirred mixture of p-fluoroaniline (4 ml.) and p-fluoroaniline 
hydrochloride (450 mg.) at 150—155°. After a further 15 minutes’ heating, the mixture was 
set aside overnight. The blue mixture was then suspended in ethanol and filtered, and the 
solid was washed with hot ethanol until the washings were almost colourless. The residue of 
2: 5-di-p-fluoroanilino-p-benzoquinone di-p-fluoroanil (red needles from toluene) had m. p. 
261—262° alone or mixed with the material from the peroxidase reaction (Found: C, 70-6; 
H, 4:5; N, 10-8. CyoHggN,F, requires C, 70-3; H, 3-9; N, 10-9%). 

Oxidation of p-Bromoaniline.—p-Bromoaniline was distilled (b. p. 102—104°/3—4 mm.), 
and the distillate recrystallised from ethanol (m. p. 68°). The amine (17-60 g.) was dissolved 
in warm acetate buffer (1 1.), and the solution filtered after being set aside at room temperature 
for 24 hr. The residue weighed 13-06 g., leaving 4-54 g. in solution. On oxidation by the 
established procedure, addition of hydrogen peroxide gave no immediate reaction, but the first 
drops of enzyme solutian gave a brown colour, which deepened as the oxidation proceeded. 
A total of 20 ml. of hydrogen peroxide was added, and a precipitate (3-40 g.) separated. The 
colourless filtrate contained bromide ion [Found: Br~ (Volhard), 0-280 g.; formation of the 
anils (III) and (IV) requires the elimination of 0-221 g. of Br-]. 

The brown solid (3:38 g.) was extracted (Soxhlet) successively with light petroleum (3 x 300 
ml.; b. p. 60—80°) and ether (300 ml.). The red extracts were evaporated to dryness and gave 
crystalline residues (2-83 g. and 0-50 g. respectively). 

Petroleum-soluble material (1-53 g.) was chromatographed on alumina in 1:1 benzene— 
light petroleum. The lowest band gave, on evaporation, orange leaflets, m. p. 202—204° 
(0-27 g.). A portion on sublimation had m. p. 204—206° (4 : 4’-dibromoazobenzene has m. p. 
205°) (Found: C, 42-7; H, 2-8; N, 8:5. Calc. for C;,H,N,Br,: C, 42:4; H, 2:4; N, 8-2%). 

he next band gave, on evaporation, orange needles, m. p. 256° (30 mg.), identified by syn- 
thesis as 2 : 5-di-p-bromoanilino-p-benzoquinone di-p-bromoanil (III) (see below). The third 
band, the major constituent, gave, on evaporation, red crystals, m. p. 200—203° (740 mg.) ; 
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recrystallisation from benzene-light petroleum (b. p. 100—120°) gave 2-amino-5-p-bromo- 
anilino-p-benzoquinone di-p-bromoanil (IV), m. p. 214—215° (Found: C, 48-15; H, 3-0; N, 
9-5. C,gH,,N,Br, requires C, 47-96; H, 2-9; N, 9:3%). The infra-red spectrum (bands at, 
inter alia, 3257, 3338, and 3460 cm.~4) was consistent with there being three N—-H bonds in the 
molecule. Light absorption in Et,0: max. at 232, 284, and 362 my (ce 28,900, 26,900, and 
21,500, respectively) ; inflexion at 400—402 mvp. (ce 15,700). 

Chromatography on alumina of the ether-soluble material gave a further quantity of the 
anil (IV) (250 mg.), m.-p. 212—213° (from benzene-light petroleum), together with numerous 
minor bands. 

Reactions of the Dianil (IV).—Acetylation gave 2-acetamido-5-p-bromoanilino-p-benzo- 
quinone di-p-bromoanil, needles (from ethanol), m. p. 217° (Found: N, 8-85. C,gH,,ON,Br, 
requires N, 8-7%). 

The product (IV) (98 mg.) was heated in acetic acid (25 ml.) and water (25 ml.) with p-bromo- 
aniline (0-5 g.) at 100° for 2-5 hr., cooled, and filtered; the residue, thrice recrystallised from 
benzene-—light petroleum (b. p. 100—120°), had m. p. 253° alone or mixed with (III). 

Synthesis of 2: 5-Di-p-bromoanilino-p-benzoquinone Di-p-bromoanil (III).—Benzofurazan 
oxide (1-36 g.) was added portionwise during 20 min. to a stirred mixture of p-bromoaniline 
(10 g.) and p-bromoaniline hydrochloride (2-08 g.) at 150°. The dark blue mass was then 
suspended in ethanol and filtered, and the residue washed with hot ethanol. Since washing did 
not dissolve the blue impurity (presumably a thermal decomposition product of p-bromoaniline), 
the residue was extracted with benzene (Soxhlet), giving a dark brown solution containing very 
little blue material. The extract was evaporated and the residue of 2 : 5-di-p-bromoanilino-p- 
benzoquinone di-p-bromoanil (III) was recrystallised from 1: 9 benzene-light petroleum (b. p. 
100—120°) as orange-red needles (60 mg.), m. p. 253°, alone or mixed with (III) obtained by 
peroxidase action (Found: N, 7-6. C,9H N,Br, requires N, 7-4%). 

Oxidation of p-Iodoaniline.—p-lIodoaniline, b. p. 116—117°/4 mm., recrystallised from light 
petroleum (b. p. 60—80°), had m. p. 62—63°. The amine (1-59 g.) was dissolved in acetate 
buffer (1 1.). Addition of hydrogen peroxide alone caused no immediate reaction, though a 
control experiment showed oxidation to be 10% complete in 8 weeks. One drop of enzyme 
solution gave an immediate red colour, which deepened to red-brown as the oxidation proceeded. 
A total of 15 ml. of hydrogen peroxide was added, and solid (1-41 g.) was obtained. The brown 
solid (6-40 g.) was extracted (Soxhlet) successively with light petroleum (2 x 300 ml.; b. p. 
80—100°) and ether (300 ml). The red extracts were evaporated to dryness, giving amorphous 
solids (5-0 g. and 0-64 g. respectively). 

The petroleum-soluble material (5-0 g.) was chromatographed on alumina in benzene. The 
lowest band gave, on evaporation to dryness, 4 : 4’-di-iodoazobenzene as orange leaflets (0-46 g.) 
which after sublimation had m. p. 237—238° (Found: C, 32-9; H, 2:3; N, 6-3. Calc. for 
C,,H,N,I,: C, 33-2; H, 1-9; N, 65%). The next band gave on evaporation red crystals 
(3-45 g.). Two recrystallisations from chloroform-ethanol gave 2-amino-5-p-iodoanilino-p- 
benzoquinone di-p-iodoanil (V), m. p. 214—215°, having infra-red bands at, inter alia, 3247, 
3344, and 3484 cm.-1, and max. (in Et,O) at 240, 288, and 364 my (ce 36,600, 29,400, and 21,700 
respectively) and an inflexion at 408—410 my (e 16,600) (Found: C, 38-97; H, 2-2; N, 7-54. 
C,4H,,N,1, requires C, 38-85; H, 2-3; N, 7-55%). Acetylation gave the 2-acetamido-derivative, 
needles (from ethanol), m. p. 218° (Found: N, 7:2. C,,H,,ON,I, requires N, 7-14%). . 

Evaporation of the mother-liquors from the first recrystallisation of the anil (V) gave a red 
mass, which under a microscope showed colourless needles contaminated by red material. The 
mixture (0-54 g.) was fractionally recrystallised on paper, by the technique of Vasisth and 
Muthana (Nature, 1953, 172, 862), and pure colourless 2 : 4-di-iodoaniline (0-20 g.) was isolated 
having m. p. and mixed m. p. 93°. 

2 : 4-Di-iodoaniline (cf. Bradfield et al., loc. cit.).—Dichloramine-tT (0-02 mol.) was dissolved 
in acetic acid (100 ml.), and sodium iodide (0-02 mol.) added slowly. The solution was added 
dropwise to a stirred solution of aniline (0-02 mol.) in acetic acid (50 ml.). Water (600 ml.) 
was added, and brown crystals of 2: 4-di-iodoaniline separated (m. p. 90—91°; 4-85 g., 70%). 
Recrystallised from ethanol, this had m. p. 94—96° (Found: C, 20-6; H, 1-4. Calc. for C,H,NI, : 
C, 20-8; H, 15%). Chromatography of the ether-soluble material gave numerous bands, 
none of which warranted further investigation. 


We thank Dr. G. W. Kenner and Dr. R. N. Haszeldine for valuable discussions, and are 
grateful to the D.S.I.R. for a maintenance grant (to G. M. K. H.). 
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The Interaction of 2-Benzenesulphonamido-1-bromonaphthalene with 
Chlorine. 


By F. Bett and J. A. GIBson. 
[Reprint Order No. 5675.] 


Chlorination of 2-benzenesulphonamido-l-bromonaphthalene follows a 
complex course but the structure of the only purely aromatic compound 
obtained, namely, 2-benzenesulphonamido-1 : 4-dichloronaphthalene, is most 
readily accounted for by an addition-elimination mechanism. 


RECENTLY it was shown (Bell, J., 1953, 3035) that sulphonyl derivatives of $-naphthyl- 
amine with excess of chlorine normally yield compounds of type (I) and that these are 
decomposed by aniline to yield anilino-derivatives, probably of formula (II) and by 
pyridine to yield pyridinium salts, probably of type (III). It is now found that chlorin- 
ation of 2-benzenesulphonamido-l-bromonaphthalene shows many exceptional features. 
At least five compounds are produced, and usually all are present in the reaction product. 
Three of these are readily identified, namely, 2-benzenesulphonamido-l1 : 4-dichloro-, 
-1-bromo-1 : 3: 4-trichloro-, and 1:1: 3: 4-tetrachloro-1 : 2 : 3 : 4-tetrahydronaphthalene 
(1; Z = Br or Cl, X = SO,*Ph; Y =H). A fourth may have structure (IV) since Fries 
and Schimmelschmidt (Annalen, 1930, 484, 287) have obtained an analogous bromine 
compound from $-naphthol; this product is stable towards concentrated hydrochloric acid 
at 100° but can be reduced by zinc and acetic acid to 2-benzenesulphonamido-1-chloro- 
naphthalene and is decomposed above the m. p. to give, amongst other products, 2-benzene- 
sulphonamido-] : 4-dichloronaphthalene. With aniline it gives a compound, easily 
reduced to 2-benzenesulphonamido-1l-chloronaphthalene; structure (V) is provisionally 
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(Z = Clor Br; X = SOyR; Y = H, Cl, or Bs) 


assigned to it; with pyridine it yields a compound stable either to reduction or to the action 
of concentrated sulphuric acid. The fifth compound, isomeric with (IV) and also stable to 
warm hydrochloric acid, gave with aniline a typical anilino-derivative (Il; Z = Br, X = 
SO,*Ph), hydrolysable to 3-anilino-1-bromo-4-chloro-2-naphthylamine, and with pyridine 
gave 2-benzenesulphonamido-| : 4-dichloronaphthalene in small yield together with 
gummy pyridinium salts. 

The surprising nature of some of the above decomposition products suggested an 
examination of (a) the thermal decomposition of 1-bromo-l : 3 : 4-trichloro-2-toluene-p- 
sulphonimido-l : 2 : 3 : 4-tetrahydronaphthalene (I; Y = H, Z = Br, X = SO,°C,H,) and 
(6) the interaction of compound (VI) (Claus and Philipson, J. prakt. Chem., 1891, 43, 58) 
with aniline. In the first reaction bromine and halogen acid were evolved and a mixture 
of compounds obtained from which only one, regarded as (V; X = SO,°C,H,), could be 
isolated in a pure condition. This was reduced by zinc dust and acetic acid to 1 : 4-di- 
chloro-2-toluene-p-sulphonamidonaphthalene. In the second reaction a compound was 
produced which lacked the stability of the normal anilino-compounds in so far as it evolved 
hydrogen chloride above its m. p. It is regarded as (VII). 
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It is noteworthy that 1 : 1 : 3: 4-tetrachloro-1 : 2 : 3 : 4-tetrahydro-2-toluene-p-sulphon- 
imidonaphthalene (I; Y =H, Z = Cl, X = SO,°C,H,) will not add additional amounts 
of either chlorine or bromine and, further, that 2-benzenesulphonamido-| : 6-dibromo- and 
-1 : 6-dichloro-naphthalene yield chlorine compounds of type (I) (X = SO,°*Ph, Z = Br or 
Cl, Y = Br or Cl) without complicating side products. 

1-Bromo-2-naphthylamine when treated with chlorine under the general conditions 
outlined in D.R.-P. 400,254 (Durand and Huguenin A.G.) gave compounds of high halogen 
content, one of which may be a derivative of decalin (VIII). 


EXPERIMENTAL 


2; 4-Dichlorobenzenesulphonanilide was unchanged after dissolution in warm sulphuryl 
chloride; this shows that chlorine is unlikely to enter the —SO,*Ph residue in any of the 
subsequent experiments. 

1: 1:3: 4-Tetrachloro-1 : 2: 3: 4-tetrahydro-2-toluene-p-sulphonimidonaphthalene was un- 
changed after boiling in acetic acid with bromine or after passage of chlorine into a solution in 
chloroform. 

2-Benzenesulphonimido-6-bromo-1 : 1 : 3: 4-tetrvachloro-1 : 2: 3: 4-tetrahydronaphthalene, ob- 
tained in the usual way from 2-benzenesulphonamido-6-bromo-1l-chloronaphthalene, formed 
prisms, m. p. 186° (Found: C, 38-3; H, 1-9. C,,H,j0,NBrCl,S requires C, 38-3; H, 2-0%). 

2-Benzenesulphonimido-1 : 1:3: 4: 6-pentachloro-1 : 2: 3: 4-tetrahydronaphthalene, prepared 
from 2-benzenesulphonamido-6-chloronaphthalene, formed needles, m. p. 178—180° (Found : 
Cl, 38-9. C4gH,,0,NCI1,S requires Cl, 38-89%). The authors are indebted to Mr. D. P. Veitch, 
B.Sc., for this description. 

2-Benzenesulphonamido-1 : 6-dibromonaphthalene, from 1 : 6-dibromo-2-naphthylamine and 
benzenesulphony] chloride in pyridine or, in rather poor yield, by the bromination of 2-benzene- 
sulphonamido-1-bromonaphthalene in chloroform, crystallised from acetic acid in needles, m. p. 
169° (Found: C, 43-8; H, 2:8. C,,H,,O,NBr,S requires C, 43-5; H, 2:5%). By passage of 
chlorine (3 mols.) into a chloroform solution of the dibromo-compound and subsequent con- 
centration there was obtained 2-benzenesulphonimido-1 : 6-dibromo-1 : 3: 4-trichloro-1: 2:3 4- 
tetrahydronaphthalene as a snow-white crystalline powder, m. p. 195°, after recrystallisation from 
chloroform (Found: C, 35:4; H, 1-9. C,,H,,O,NBr,Cl,S requires C, 35-1; H, 1-8%). 
Although it separates from boiling acetic acid in a highly crystalline state the m. p. is less sharp. 
This additive compound reacted readily with aniline to give 3-anilino-2-benzenesulphonimido- 
1 : 6-dibromo-4-chloronaphthalene, which crystallised from acetic acid in needles, m. p. 196° 
(Found: C, 46-9; H, 2-6. C,,H,;0,N,Br,ClS requires C, 46-6; H, 2-6%), and with pyridine to 
give a typical anhydro-pyridinium derivative, which formed a yellow powder, m. p. 280° (Found : 
C, 45-1; H, 2-6. C,,H,,0,N,SCIBr, requires C, 45-6; H, 2-4%). 

By addition of zinc dust to a solution of the trichloro-compound in boiling acetic acid until 
the first developed intense colour was completely discharged there was produced 2-benzene- 
sulphonamido-6-bromo-1-chloronaphthalene, which crystallised from acetic acid in needles, m. p. 
153° (Found: C, 47-6; H, 3-1. C,,H,,O,NSCIBr requires C, 48-4; H, 2-8%). 

The trichloro-compound evolved bromine at 200° and in a short time resolidified. More 
soluble material was extracted by acetic acid, and the residue boiled with o-dichlorobenzene and 
filtered hot. The bright yellow residue had m. p. >310° and was appreciably volatile; the 
crystalline crop had m. p. 210—212°, but was visibly contaminated by the less soluble com- 
pound. It was not examined further. 

1 : 3: 4-Trichlovo-2-di(benzenesulphonyl)aminonaphthalene, obtained by interaction of 
1: 3: 4-trichloro-2-naphthylamine with benzenesulphonyl chloride (2 mols.) in pyridine, 
crystallised from acetic acid in needles, m. p. 262° (Found: S, 12:6. C,,H,,0,NS,Cl, requires 
S, 12:2%). By dissolution in piperidine it gave 2-benzenesulphonamido-| : 3 : 4-trichloronaphth- 
alene, which formed needles, m. p. 213°, from acetic acid (Found: S, 7-8. C4gH,0,NSCl, 
requires S, 8-3%). : 

Interaction of 2-Benzenesulphonamido-1-bromonaphthalene with Chlorine—The under- 
mentioned compounds were obtained in the ways outlined. Normally all are present in the 
reaction product and the separation is tedious and yields of purified products low, 

(a) Compound A, m. p. 195° (decomp.) [Found : C, 35-3, 35-7; H, 1-9, 2:4. C,,H,,O,NSC1,Br 
(IV) requires C, 35-65; H, 20%]. (i) By passage of chlorine (3-5 mols.) into the sulphonamide 
in cold chloroform. It constituted the least soluble product and recrystallised from a large 
volume of chloroform or from acetic acid (yield, ca. 2 g. from 10 g. of the sulphonamide). (ii) By 
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dissolution of the sulphonamide in sulphuryl chloride. The sticky residue remaining after 
evaporation of the excess of sulphuryl chloride was purified by repeated recrystallisation from 
acetic acid. 

(b) Compound B, m. p. 187° (decomp.) (Found: C, 36-1; H, 20%). (i) As under (i) above, 
but with a rather smaller proportion of chlorine. It may be separated from compound A by 
reason of its greater solubility in chloroform. Use of alumina results in decomposition of the 
compounds. (ii) By interaction of the sulphonamide in chloroform with sulphuryl chloride 
(3 mols.). 

(c) Compound C, m. p. 161° (decomp. 165°). Obtained on one occasion only in very small yield 
in process (b ii) as the least soluble compound. It crystallised from acetic acid in colourless 
prisms and, owing to the small quantity available, was not examined further. 

2-Benzenesulphonimido-1-bromo-1 : 3 : 4-tvichlovo-1 : 2: 3: 4-tetrahydronaphthalene, m. p. 158° 
(Found: C, 41:0; H, 2:3. C,,H,,O,NCI,BrS requires C, 41-1; H, 23%). As under (ai) and 
separated from A by its higher solubility in chloroform. It was purified by recrystallisation 
from acetic acid and gave the usual anhydropyridinium compound with pyridine. 

2-Benzenesulphonimido-] : 1 : 3: 4-tetrachloro-1 : 2: 3: 4-tetrahydronaphthalene, m. p. 145° 
(J., 1953, 3037), was the most soluble compound produced in both methods (a i and ii) and was 
alternatively prepared by dissolution of 2-benzenesulphonamidonaphthalene in sulphuryl 
chloride. It reacted with pyridine to give an anhydropyridinium compound. 

2-Benzenesulphonamido-1 : 4-dichloronaphthalene, m. p. 178° (Found: C, 54:9; H, 3-0. 
C,,H,,0O,NSCl, requires C, 54:6; H, 31%). (i) As under (b ii). (ii) From 1: 4-dichloro-2- 
naphthylamine (Clemo and Legg, J., 1947, 543). It crystallised from acetic acid in stout 
needles. The material obtained in process (i) was sometimes difficult to purify and on occasions, 
although highiy crystalline, had a m. p. ca. 168° and a lower carbon content (e.g., C, 51-6; H, 
2-8%). This behaviour is attributed to the presence of 2-benzenesulphonamido-1-bromo-4- 
chloronaphthalene (Calc. for C,,H,,O,NSCIBr: C, 48-4; H, 2:8%) although this was not 
obtained pure. 

Reactions of Compound A (IV ?).—(i) On addition of excess of zinc dust to a suspension of 
A in boiling acetic acid a clear solution was rapidly obtained, which on slight dilution deposited 
2-benzenesulphonamido-l-chloronaphthalene in needles, m. p. 131°. There is negligible 
depression in m. p. on admixture of 2-benzenesulphonamido-1-chloro- and -1-bromo-naphthalene 
(and similarly with other related pairs in this series). Use was made of the fluorescein test to 
distinguish between them. (ii) Aniline was added to compound A. Heat was evolved and a 
clear solution obtained which almost immediately set to a paste. After a few minutes the excess 
of aniline was removed by dilute hydrochloric acid. The residual plastic mass solidified under 
boiling acetic acid, and the product on crystallisation from ethanol gave prisms, m. p. 99—101° 
(Found: C, 44:4; H, 3:2%), which, dissolved in acetic acid, were converted by addition 
of zinc dust into 2-benzenesulphonamido-l-chloronaphthalene. This compound may 
be 2-benzenesulphonimido-1-bromo-1 : 4-dichloro-1 : 2-dihvdronaphthalene (V; X = SO,*Ph) 
(C\gsH,,O,NSCI,Br requires C, 44:6; H, 2-3%). (iii) Pyridine reacted briskly with 
compound A to give a yellow solution. This was decomposed by dilute hydrochloric acid and 
filtered. The filtrate on addition of ammonia solution yielded a sticky, yellow pyridinium 
compound, which was not obtained pure. The part insoluble in hydrochloric acid readily 
crystallised from chloroform in prisms, m. p. 233° (Found: C, 42-2, 42-3; H, 2-1, 2:5; S, 6-8%). 
This compound was unchanged when kept overnight with concentrated sulphuric acid or boiled 
in acetic acid with zinc dust. (iv) Compound A was heated above the m. p. for a short time 
and the residue crystallised from acetic acid. 2-Benzenesulphonamido-] : 4-dichloro- 
naphthalene was obtained. 

Reactions of Compound B.—(i) With pyridine it gave a yellow solution decomposed 
by dilute hydrochloric acid to yield 2-benzenesulphonamido-] : 4-dichloronaphthalene 
(above) and a solution from which only impure pyridinium compounds were obtained. 
(ii) Compound B reacted vigorously with aniline to give 3-anilino-2-benzenesulphonamido-1- 
bromo-4-chloronaphthalene, which, after repeated crystallisation from acetic acid to eliminate 
violet impurities, formed needles, m. p. 195—196° (Found: C, 55-2; H, 3-4; N, 5-9. 
Cy.H,,0,N,SCIBr requires C, 54-2; H, 3-3; N, 5-8), hydrolysed by solution in cold sulphuric 
acid to yield 3-anilino-1-bromo-4-chloro-2-naphthylamine (J., 1953, 3039). 

Chlorination of 1-Bromo-2-naphthylamine.—Dry hydrogen chloride was passed slowly into a 
solution of the base (5 g.) in dry benzene (45 c.c.) until precipitation ceased. Dry chlorine 
(4-5 mols.) was then introduced, and the resulting green solution filtered from any unchanged 
hydrochloride and evaporated. The residual brown oil was dissolved in chloroform and by 
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progressive addition of light petroleum three compounds were obtained. The first, which 
formed prisms, m. p. 268—272°, from chloroform was, owing to its small amount, not examined 
further. The second and third substances separated from benzene in prisms, m. p. 158—161° 
(Found: C, 20-9; H, 15%) and 102—104° [Found: C, 30-7; H, 1-7. Compound (VIII), 
C,,H,NBrCl,,, requires C, 20-9; H, 1:05. C,j)H;NBrCl,; requires C, 30-3; H, 1-3%]. 

Thermal Decomposition of 1-Bromo-1 : 3: 4-trichloro-1 : 2: 3: 4-tetrahydro-2-toluene-p-sulphon- 
imidonaphthalene.—The compound decomposed at its m. p. with evolution of bromine and 
hydrogen halide (loss in wt., 18-7, 14:7%) and left a dark viscous mass, which slowly yielded 
crystalline material on treatment with hot acetic acid. After five recrystallisations needles, 
m. p. 181—183°, were obtained (0-2 g. from 2 g.) (Found: C, 44-7; H, 2-5%). This substance 
corresponds essentially to loss of hydrogen chloride (V; X = SO,°C;H,) (C,z;H,,0,NSCI,Br 
requires C, 45-8; H, 2-7%), and this product on reduction with zinc dust in acetic acid gave 
slightly impure 1: 4-dichloro-2-toluene-p-sulphonamidonaphthalene. The decomposition is, 
however, complicated since the major part of the product is non-crystalline. 

Interaction of 1:1:2:3:4-Pentachloro-1 : 2:3: 4-tetrahydro-2-acetonaphthalide (V1) with 
Aniline.—The compound was added slowly to well-cooled aniline, and the resultant dark pasty 
mass dissolved in water and decomposed with dilute hydrochloric acid. On crystallisation of 
the red plastic mass so produced from ethanol slightly pink needles, m. p. 132° (decomp.), were 
obtained (Found: C, 56-3; H, 3-8. C,,H,;ON,Cl, requires C, 56-6; H, 3-4%). On heating 
above the m. p. this compound vigorously evolved hydrogen chloride but no crystalline material 
could be obtained from the black, sticky residue. This reaction suggests that the compound 
is 2-acetamido-3-anilino-1 : 1 : 4-trichloro-1 : 4-dihydronaphthalene (VII). 


One of us (J. A. G.) gratefully acknowledges the receipt of a maintenance grant from the 
Department of Scientific and Industrial Research. 
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The Pigments of ‘‘ Dragon’s Blood” Resin. Part VI.* 
3: 5-Dihydroxydiphenyl Ether. 
By N. B. DEAN and W. B. WHALLEY. 
[Reprint Order No. 5681]. 


A synthesis of 3 : 5-dihydroxydiphenyl] ether and a new route to 5-bromo- 
resorcinol are described. 


THE cyclisation of the diphenyl ether (I; R = CH,°COPh), prepared from, ¢.g., (1; R = OH) 
or (I; R = Me), should lead to a model compound of the dracorubin type, but the explora- 
tory experiments now described have led us to abandon this route, mainly because of the 
difficulties of obtaining the requisite hydroxydiphenyl ethers. In the course of this work 
a synthesis has been developed of 5-bromoresorcinol from 3 : 5-dihydroxybenzoic acid in 
place of 1:3: 5-trinitrobenzene which was employed by Hodgson and 
— Wignall (J., 1926, 2826). 
OX ) 3: 65-Dihydroxybenzoic acid was converted into 3 : 5-dimethoxybenzoic 
acid and thence by way of the acid chloride into the corresponding amide 
which was subjected to the Hofmann degradation to yield 3 : 5-dimethoxy- 
aniline. Replacement of the amino-group according to standard procedure, followed by 
demethylation of the product, furnished 5-bromoresorcinol. 


OH 


OH (I) COR 


EXPERIMENTAL 


5-Bromoresorcinol (With J. YaAtEs).—A solution of 3 : 5-dimethoxybenzoyl chloride (Brown, 
Cartwright, Robertson, and Whalley, J., 1949, 859) (from 10 g. of the acid) in ether (50 ml.) 
was slowly added to well-stirred ammonia solution (200 ml.; d 0-88) containing crushed ice 
(100 g.), and $ hr. later the resulting 3 : 5-dimethoxybenzamide was collected and crystallised 
from aqueous methanol, forming prisms (9-3 g.), m. p. 143° (cf. Suter and Weston, J. Amer. 
Chem. Soc., 1939, 61, 234, who report m. p. 146°). 
* Part V, J., 1954, 3137. 
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Powdered 3: 5-dimethoxybenzamide (5-4 g.) was added to a stirred solution of sodium 
hypobromite (from 1-8 ml. of bromine, 7-2 g. of sodium hydroxide, and 60 ml. of water) at 0°, 
and an hour later the mixture was heated on the steam-bath for 1 hr. Isolated with ether, the 
resulting 3 : 5-dimethoxyaniline was obtained as a low-melting solid (3-9 g.), b. p. 120°/0-2 mm. 
The acetate separated from aqueous alcohol in plates, m. p. 156° (Found: N, 7-2. Calc. for 
C49H,,;0;N : N, 7:-2%) (cf. Oakeshott and Plant, J., 1927, 489). 

Prepared in the usual manner from this amine (8 g.), 48% hydrobromic acid (50 ml.), and 
sodium nitrite (3-9 g.) dissolved in water (10 ml.), a solution of the diazonium salt was added to 
a mixture of cuprous bromide (4 g.) and 48% hydrobromic acid (10 ml.) at 50°, and the mixture 
kept at this temperature for } hr. 1-Bromo-3 : 5-dimethoxybenzene was isolated with ether and 
purified by distillation in a vacuum and then crystallisation from light petroleum (b. p. 40—60°), 
forming prisms (5:5 g.), m. p. 66° [Found: Br, 37-7; OMe, 26-6. C,H,Br(OMe), requires Br, 
36-9; OMe, 28-6%]. 

A solution of 1-bromo-3 : 5-dimethoxybenzene (4:5 g.) in a mixture of hydriodic acid (50 
ml.; d 1-7) and acetic acid (from 33 ml. of the anhydride) was boiled for } hr. and then treated 
with aqueous sodium hydrogen sulphite (500 ml.). Extraction of this with ether gave 5-bromo- 
resorcinol which was purified by distillation (b. p. 137—140°/0-25 mm.), and crystallised from 
light petroleum (b. p. 60—80°), forming prisms (2-7 g.), m. p. 87° (Found: Br, 40-8. Calc. for 
C,H,;O,Br: Br, 42-3%). 

Prepared from 5-bromoresorcinol (10 g.), benzyl bromide (13-8 ml.), and potassium carbonate 
(30 g.) in boiling acetone (150 ml.) during 12 hr., followed by the removal of unchanged benzyl 
bromide with steam, 1 : 3-dibenzyloxy-5-bromobenzene formed prisms (15 g.), m. p. 66°, from 
light petroleum (b. p. 40—60°) or aqueous methanol (Found: C, 64:3; H, 4:6; Br, 22-5. 
C,,H,,0,Br requires C, 65-0; H, 4-6; Br, 21:7%). 

Methyl 2: 4-Dibenzyloxy-6-hydroxybenzoate-—A solution of methyl 2: 4: 6-trihydroxy- 
benzoate (Herzig, Wenzel, and Tolk, Monatsh., 1902, 23, 86) (5 g.), potassium carbonate (20 g.), 
and benzyl chloride (6-6 ml., 2-2 mol.) in boiling acetone (200 ml.) was refluxed for 20 hr.; a 
solution of the product in ether was shaken with 2N-aqueous sodium hydroxide, giving the 
sodium derivative of methyl 2 : 4-dibenzyloxy-6-hydroxybenzoate (3 g.). This was collected, 
washed with ether, and decomposed with an excess of 2N-hydrochloric acid to give methyl 
2 : 4-dibenzyloxy-6-hydroxybenzoate which separated from dilute methanol in needles, m. p. 117° 
(Found: C, 71-8; H, 5-5. C,.H,O; requires C, 72-5; H, 5-5%). This ester, which is moder- 
ately soluble in methanol or benzene and sparingly soluble in light petroleum (b. p. 60—80°), 
has an intense reddish brown ferric reaction in alcohol. Concentration of the ethereal liquors 
remaining after isolation of the sodium salt furnished a small amount of a substance, forming 
needles, m. p. 110°, from methanol, with an intense reddish brown ferric reaction (Found : 
C, 76-5; H, 5-9. C,9H,,O; requires C, 76-6; H, 58%). This is probably a C-benzyl derivative 
of methyl 2 : 4-dibenzyloxy-6-hydroxybenzoate. 

OO-Dibenzylphloroglucinol.—Prepared by the simultaneous hydrolysis and decarboxylation 
of methyl 2 : 4-dibenzyloxy-6-hydroxybenzoate (6 g.) in boiling 2N-aqueous sodium hydroxide 
(200 ml.) during 2 hr., OO-dibenzylphloroglucinol separated from benzene-light petroleum 
(b. p. 60—80°) in needles (4-5 g.), m. p. 94° (Found: C, 78-5; H, 6-0. C,9H,,0, requires C, 
78:4; H, 5-9%). Methylation of this by the methyl sulphate—potassium carbonate method 
furnished a quantitative yield of OO-dibenzyl-O-methylphloroglucinol, b. p. 179°/0-005 mm., 
debenzylated quantitatively by hydrogenolysis to O-methylphloroglucinol, m. p. and mixed 
m. p. 76°. 

3: 5-Dihydroxydiphenyl Ether.—(a) A stirred mixture of the potassium salt of OO-dimethyl- 
phloroglucinol (7-7 g.), bromobenzene (6-3 g.), and copper bronze was kept at 220—230° for 
24 hr., the excess of bromobenzene was removed with steam, and the residual liquor acidified 
and extracted with ether. Evaporation of the extracts which had been washed with 2n- 
aqueous sodium hydroxide, left 3 : 5-dimethoxydiphenyl ether, which was purified by distillation 
and then crystallisation from light petroleum (b. p. 40—60°), forming plates (4—5 g.), b. p. 
135—140°/0-5 mm., m. p. 62-5° [Found : C, 73-0; H, 6-0; OMe, 27-3. C,,H,O(OMe), requires 
C, 73-0; H, 6-1; OMe, 27-00%]. This ether (1-2 g.) was obtained from potassium phenoxide 
(2-2 g.), 1-bromo-3 : 5-dimethoxybenzene (5 g.) and copper bronze (0-1 g.) by the same method. 

The demethylation of 3: 5-dimethoxydiphenyl ether (5 g.) with boiling hydriodic acid 
(50 ml.; d 1-7) containing acetic acid (from 35 ml. of anhydride) for 1 hr. gave an alkali-soluble 
fraction from which light petroleum (b. p. 40—60°) extracted a little phenol. Subsequent 
extraction with hot benzene gave 3: 5-dihydroxydiphenyl ether in needles (0-6 g.), m. p. 70° 
(Found: C, 71:6; H, 5-0. C,,H,,O, requires C, 71:3; H, 5-0%). The di-p-nitrobenzoate 
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separated from alcohol in pale yellow needles, m. p. 138° (Found: N, 5-5. C,gH,.O,N, requires 
N, 56%). 

Aluminium chloride or bromide in warm benzene or potassium hydroxide in hot ethylene 
glycol was less effective for this demethylation. 

(b) An intimate mixture of potassium phenoxide (1-5 g.), 1 : 3-dibenzyloxy-5-bromobenzene 
(3-7 g.), and copper bronze (0-1 g.) was maintained at 200° for 3 hr., diluted with water (50 ml.), 
and extracted with ether (100 ml.). After being washed with 2N-aqueous sodium hydroxide 
(3 x 30 ml.), evaporation of this extract left 3: 5-dibenzyloxydiphenyl ether, forming rosettes 
of needles (1 g.), m. p. 72°, from light petroleum (b. p. 40—60°) (Found: C, 81-6; H, 5-8. 
CygH,,0, requires C, 81:7; H, 58%). Hydrogenolysis of this ether (1 g.) dissolved in methanol 
(100 ml.) furnished 3 : 5-dihydroxydipheny]l ether (0-25 g.), m. p. 70°, identical with the specimen 
prepared by method (a). 

(c) Prepared by the interaction of the potassium salt of OO-dimethylphloroglucinol (6 g.), 
p-fluoronitrobenzene (8 g.), and copper bronze (0-1 g.) at 160—170° for 1 hr., 3: 5-dimethoxy- 
4’-nitrodiphenyl ether separated from alcohol or light petroleum (60—80°) in rhombs (8:3 g.), 
m. p. 118° [Found: C, 61-4; H, 4:9; N, 5-1; OMe, 22-0. C,,H,O,;N(OMe), requires C, 61-1; 
H, 4:8; N, 5-1; OMe, 22-5%]. Catalytic reduction of this ether (1-4 g.) in methanol (125 ml.) 
with a palladium—charcoal catalyst gave 4’-amino-3 : 5-dimethoxydiphenyil ether, as pale buff 
rhombs (1-1 g.), m. p. 95° [from light petroleum (b. p. 80—100°)] [Found: C, 68-4; H, 6-1; 
N, 5:8; OMe, 25-3. C,,H,ON(OMe), requires C, 68-6; H, 6-2; N, 5-7; OMe, 25:3%]. The 
acetate separated from aqueous methanol in plates, m. p. 106° [Found: N, 4-9; OMe, 21:8. 
C,4H,,0,.N(OMe), requires N, 4-9; OMe, 21-3%]. 

A solution of the diazonium salt from this amine (2-45 g.) was slowly mixed with cold 50% 
hypophosphorous acid (30 ml.), and 12 hr. later the product was isolated with ether and purified 
with steam, yielding 3 : 5-dimethoxydipheny] ether (1-3 g.). 

(d) Prepared from the potassium salt of OO-dibenzylphloroglucinol (1-25 g.), p-fluoronitro- 
benzene (1-8 g.), and copper bronze (0-1 g.) at 150° for 2} hr. with removal of excess of nitro- 
compound with steam, 3 : 5-dibenzyloxy-4’-nitrodiphenyl ether separated from alcohol in needles 
(1-2 g.), m. p. 97° (Found: C, 73:1; H, 4:9; N, 3:1. C,g,H,,O,N requires C, 73-1; H, 5:0; 
N, 3:3%). The attempted preparation of this ether from p-nitrophenol and 1 : 3-dibenzyloxy-5- 
bromobenzene was unsuccessful. 

Hydrogenolysis of 3: 5-dibenzyloxy-4’-nitrodiphenyl ether (2 g.) in methanol (125 ml.) 
gave 4’-amino-3 : 5-dihydroxydiphenyl ether which separated from ethyl acetate in rhombs 
(0-8 g.), m. p. 182°, and was characterised as the triacetate, prisms, m. p. 142° (from benzene) 
(Found: N, 4-1. C,,H,,0,N requires N, 4:1%). 

4’-Amino-3 : 5-dihydroxydiphenyl ether (3 g.), dissolved in 2N-hydrochloric acid (30 ml.), 
was diazotised at 0° with a solution of sodium nitrite (1 g.) in a little water, and the mixture 
treated with 50% hypophosphorous acid (20 ml.), added during $ hr. The mixture was kept 
for 24 hr. at 0°, and 3: 5-dihydroxydiphenyl ether (0-2 g.), m. p. and mixed m. p. 70°, then 
isolated with ether. 

3: 5-Dibenzyloxy-2’-carboxydiphenyl ether.—This was prepared in low yield by the interaction 
of the potassium salt of OO-dibenzylphloroglucinol (5 g.), ethyl o-fluorobenzoate (5-6 g.), and 
copper bronze (0-1 g.) at 180° for 1 hr., followed by hydrolysis with 10% aqueous alcoholic 
sodium hydroxide (100 ml.) of the resulting crude ester. The acid separated from aqueous 
methanol or benzene in prisms (1 g.), m. p. 142° (Found: C, 74:8; H, 5-2. C,,H,.O; requires 
C, 76-0; H, 5-2%). 

2’-Carboxy-3 : 5-dimethoxydiphenyl Ether (With V. VENKATESWARLU).—Prepared by the 
interaction of the potassium salt of OO-dimethylphloroglucinol (6 g.), copper bronze (0-1 g.), 
and ethyl o-fluorobenzoate (8 g.), by the standard method, 2’-ethoxycarbonyl-3 : 5-dimethoxy- 
diphenyl ether (6 g.) was purified by distillation (b. p. 185°/0-5 mm.) and then by crystallisation 
from aqueous ethanol, forming plates, m. p. 49° (Found: C, 67-6; H, 5-8. C,,;H,,0, requires 
C, 67-5; H, 6-0%). Hydrolysis of this with warm 10% alcoholic sodium hydroxide furnished 
2’-carboxy-3 : 5-dimethoxydiphenyl ether which separated from aqueous methanol in plates, or 
from water or benzene in prisms (yield 90%), m. p. 138° [Found: C, 65-3; H, 5-3; OMe, 22-7. 
C43H,O;(OMe), requires C, 65-7; H, 5-2; OMe, 22-6%]. 

Attempts to prepare 2-chlorocarbonyl-3 : 5-dimethoxydiphenyl ether, under a variety of 
conditions gave only a low yield of the requisite derivative together with much 1 : 3-dimethoxy- 
xanthone which separated from alcohol in almost colourless plates, m. p. 169—170° [Found : 
C, 70-2; H, 4:7; OMe, 24:0. C,3H,O,(OMe), requires C, 70-3; H, 4:7; OMe, 24:2%], identical 
with a specimen (1-2 g.) prepared by the cyclisation of 2’-carboxy-3 : 5-dimethoxydiphenyl 
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ether (2 g.) with concentrated sulphuric acid during 24 hr. Demethylation of this xanthone 
with boiling hydriodic acid—acetic acid gave 1 : 3-dihydroxyxanthone which separated from . 
aqueous alcohol in yellow plates, m. p. 258—260° (Found : C, 68-5; H, 3-3. Calc. for C;;H,O, : 
C, 68-4; H, 3-5%) (cf. Nishikawa and Robinson, /., 1922, 121, 839, who record m. p. 251°). 

5-O-Benzyl-3-O-methylphloroglucinol (With V. VENKATESWARLU).—A solution of methyl 
2 : 6-dihydroxy-4-methoxybenzoate (50 g.) in boiling acetone (250 ml.), containing benzyl 
bromide (42 g.) and potassium carbonate (60 g.), was refluxed for 10 hr. On isolation the 
resulting methyl 2-benzyloxy-6-hydroxy-4-methoxybenzoate formed plates (55 g.), m. p. 82°, from 
methanol (Found: C, 67-1; H, 5:9. C,,H,,0; requires C, 66-7; H, 5:6%). Simultaneous 
hydrolysis and decarboxylation of this ester (50 g.) with a boiling solution of potassium hydroxide 
(50 g.) in water (250 ml.) for 1 hr. furnished 5-O-benzyl-3-O-methylphloroglucinol (yield, 90%), b. p. 
172°/3 mm. (Found: C, 73-5; H, 5-4. C,,H,,0, requires C, 73:0; H, 6-1%). 
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Ton Exchange in Ultramarine. 


3y R. M. Barrer and J. S. Rant. 
[Reprint Order No. 5511.] 


A study has been made of the exchange behaviour of the felspathoid 
ultramarine. Jons which exchange fairly readily include Nat, K*, Lit, Ag*, 
Tl*, Pbtt, Zn**, and Cd**+. Ions which do not exchange readily include 
Catt, Srt*+, Batt, Mgtt, NH,*, Rb*, and Cs*. Factors such as ion size, 
valency, basigenic character, polarisability, and tendency to form covalent 
links and insoluble sulphides all appear to be involved in determining the 
relative affinity of ions for the crystal. 

The instability of ultramarine under hydrothermal conditions reduced its 
value as a medium for the quantitative study of ion exchange. However, 
some equilibrium data were obtained, and a considerable number of kinetic 
studies were made. From the latter, ion-exchange diffusion coefficients, 
energies, free energies, and entropies of activation were determined for 
Nat —» Agt, Agt —» Nat, Agt —» Li*, Ag* —» K’*, and Nat —» TI. 
Mass-action equilibrium quotients expressed in terms of ion concentrations 
for the Nat == Li* exchange isotherm were reasonably constant. It was 
also found that ion exchange can proceed smoothly when various dry organic 
solvents are used in place of water. 

X-Ray powder photographs of the ion-exchange products indicated that 
the ultramarine structure showed slight adjustments in lattice dimensions 
when different cations were introduced. Evidence of limited mutual solid 
solubility of end-members of an exchange pair was found only with silver- and 
zinc-ultramarines and with silver- and potassium-ultramarines. 


THE felspathoids, cancrinite, sodalite, nosean, hauynite, and ultramarine, are all capable 
of showing ion exchange. The first three can be readily synthesised by the hydrothermal 
method (Imhoff and Burkhardt, Ind. Eng. Chem., 1943, 35, 873; Alcock, Clark, and 
Thurston, J. Soc. Chem. Ind., 1944, 63, 292), and ultramarine prepared pyrolytically is 
available on a large scale. The last four of the above felspathoids are cubic and the 
structures are known (Pauling, Proc. Nat. Acad. Sct., 1930, 16, 453; Z. Krist., 1930, 74, 
213; Barth, zbid., 1932, 88, 405; Jaeger, Trans. Faraday Soc., 1929, 25, 320). They are 
based on a basket-like aluminosilicate framework of linked rings of four and six SiO, 

(or AlO,5-) tetrahedra, each oxygen atom shared by two tetrahedra, so that the net anionic 
charge is equal to the number of Al atoms in the framework. This charge is neutralised 
by interstitial Na or Ca ions, and there are also intercalated salt “‘ molecules ”’ such as 
NaCl, Na,SO,, NagCO,, CaSOQ,, Na,S;. The frameworks appear to be robust enough to 
stand considerable heat treatment, and this stability combined with the known crystal 
structures makes the felspathoids a potentially important group of minerals for fundamental 
studies of ion exchange as a solid-state reaction. Another favourable aspect of the 
felspathoids for such work is that the crystals normally do not contain water. In the 

iM 


4642 Barrer and Raitt : 


crystalline zeolites water is present, and changes in the amount of this water and in its 
bonding energy are factors which complicate the quantitative interpretation of exchange 
equilibrium (Barrer, ‘‘ Colloque Internat. sur les Réactions dans L’Etat Solide,” Paris, 
1948, CNRS). Heats and entropies of hydration of ions in aqueous solutions are known in 
many instances, but the corresponding quantities for intracrystalline ions and water 
are not. 

We now report the results of an investigation of the ion-exchange properties of ultra- 
marine, the first of several studies designed to see how nearly the felspathoids come to 
being ideal exchangers. From the viewpoint of interpretation by statistical mechanical 
methods this ideal would correspond to an inert, wholly non-swelling, anionic framework, 
into the identical interstitial sites of which suitable cations A are introduced with displace- 
ment from these sites of an electrochemical equivalent of cations B. It will be seen in 
this paper that, although ultramarine is a useful medium for ion-exchange studies, it 
still falls short in various directions of the above ideal. All ultramarines are based upon a 
single anionic framework (Al,Si,O0,,)n°°, as demonstrated by X-ray photography (Jaeger, 
loc. cit.), but there are in different preparations different degrees of isomorphous replace- 
ment Al === Si, so that the framework can be more generally given as [Alg , Sig — zOo4)n°° * ” 
where x may have positive or negative values. The anionic charge is neutralised by 
Na* ions, and in addition Na,S; or other forms of sodium polysulphide are found in the 
cavities which exist in the framework. The composition has a connection with the depth 
and quality of colour in ultramarine, which may be further changed by replacement of S 
by Se or Te (idem, ibid.). Jaeger examined cation exchange in ultramarine, but there 
remain many gaps in our qualitative knowledge of this exchange, and quantitative data 
are almost non-existent. 


EXPERIMENTAL 
The ultramarine, a synthetic product, quality No. H4195, supplied by Messrs. Reckitt 


& Colman Ltd., was purified as follows. It was boiled in a large amount of water, unchanged 
kaolin being removed as a scum collecting on the surface of the water. The suspension was 
then well stirred and decanted into another vessel, leaving coarse impure material behind. 
The ulitramarine was then filtered off, dried, and heated to 200° to sublime off free sulphur which 
was found to be present. The product then consisted of small particles of 1—10 » diameter. 
Analysis of this purified ultramarine gave results which correspond closely to the formula 
Na,[Al,Si,O,,],Na.S;. 

Three methods for effecting ion exchange were employed: hydrothermal treatment with 
solutions of exchanging salts, heating with fused salts (AgNO,, TINO,, LiNO,, KCNS, PbBr,), 
and heating with vapour of the exchanging salt (NH,Cl). In the hydrothermal method the 
mixture was sealed in glass tubes and heated, while being rotated, in an air-thermostat. In 
fusion and vapour-phase methods the reactions occurred in furnaces or air-ovens thermo- 
statically controlled. At temperatures below 60° a water-thermostat was used. 

Ultramarine proved fairly stable in exchanges using melts or vapours of the inorganic salts, 
but treatment with aqueous solutions always caused some decomposition. This side reaction 
was minimised by use of low temperatures, by the use of non-aqueous media, by appropriate 
choice of salt, and by control of its concentration and pH. Thus, two drops of dilute sodium 
hydroxide solution added to the initial solution reduced decomposition in kinetic studies of the 
Nat —» Tl exchange, while addition of moist silver oxide acted similarly in the Agt —» Na!’ 
experiments. Nevertheless, it was necessary to allow for side reactions when estimating the 
extent of exchange. The side reaction was associated with liberation of sulphide from the 
ultramarine. In exchanges involving silver the sulphide appeared as silver salt in the final 
product. The amount of silver sulphide formed could be determined by loss of weight on 
extraction with potassium cyanide solution at room temperature. The extraction required 
not more than 7 min., and it was previously established that under these conditions exchange 
introducing K* was negligible. 

Various methods were used to assess the percentage of exchange which had occurred. The 
difference of mass between the initial and final products was satisfactory where the exchange 
occurred between ions of considerably different atomic weight, e.g., Nat==Tl* and 
Nat == Ag*. Difficulty in the quantitative recovery of ultramarine for weighing was over- 
come by using a No. 4 sintered-glass crucible with a layer of Gooch asbestos deposited on the 
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filter. This prevented choking of the septum by particles of ultramarine. The weighing 
method was not used where the difference in mass was slight, e.g., Nat === NH,*. In other 
cases, and especially as a control method, the crystals were analysed chemically. Decomposition 
was effected by repeated evaporation with concentrated nitric or hydrochloric acid. The silica 
and alumina were then separated, and the metal cations determined by standard analytical 
techniques. The sodium content of the original ultramarine, for example, was determined as 
sodium sulphate, and as sodium zinc uranyl acetate, giving respectively 15-3% and 14:9% : 
15:1% was taken as the correct value. 

In some cases the reaction was followed from the amount of one cation lost or gained by the 
solution. For example, the result obtained by the weighing method in the Nat == TI* 
exchange was checked by estimating thallium in the solution as chromate. Similarly, exchanges 
in which silver-ultramarine was the starting material were often followed by estimating the 
silver in the final solution, either as chloride, or by titration with standard thiocyanate solution. 

In measurements of exchange isotherms of Nat == Ag* and Lit == Ag* the superior 
affinity of silver for ultramarine was such that in relatively dilute solutions of sodium nitrate 
or lithium nitrate the equilibrium concentration of silver nitrate was too small for estimation by 
chemical analysis. Accordingly, the e.m.f.s were determined of concentration cells such as 
| AgNOs (m,) AgNOsg (ms) 
| NaNO, (m,) 
The solution in the left-hand compartment of known total molality (m, -++ m,) was the equi- 
librium solution after exchange in which it was desired to determine m,. The solution in the 
right-hand compartment also had total molality (m, + m,), but the molality m, of the silver 
nitrate was known. According to the principle of ionic strength (Lewis and Randall, J. Amer. 
Chem. Soc., 1921, 48, 1112), the activity coefficients of Ag* ions in both compartments are about 
the same. Thus the e.m.f. gives a measure of the Ag* ion concentrations m,, when mz, is known. 
A calibration curve giving the e.m.f. as a function of m, at constant m, was first constructed. 
E.m.f.s were measured by using a valve voltmeter and Tinsley precision potentiometer. 
\ccurately reproducible results were obtained down to 0-0001 molal. The liquid-liquid junction 


Ag 


| 
| 


NaNO, (7, My, — M3) 


potential was minimised by a saturated potassium nitrate salt bridge. 

In the studies of ion-exchange kinetics, sufficient of each of the exchanging salts was added 
to the reaction tube to ensure that the volume of solvent employed would be saturated with 
respect to both salts during the exchange. Thus the concentration of each exchanging ion is 
fixed during reaction. Where silver-ultramarine was treated with a saturated metal halide it 
was found unnecessary to add silver halide. Owing to the low solubility of silver halides, and 
to their tendency to form complexes with alkali-metal halide, the free silver-ion concentration 
was extremely low, a circumstance favouring extensive exchange. In a process controlled by 
diffusion in the crystals of ultramarine (and in absence of limited mutual solid solubility of the 
end members of the exchanged ultramarine, see p. 4649) the diffusion coefficient D can be 
obtained from the equation : 

we Ale as Fe ea ee 


Here Q, is the amount of exchange at time /, Q,, the equilibrium amount exchanged in crystals 
of total volume V and total surface A, and D is the diffusion coefficient. In the case of some 
kinetic experiments involving very short time intervals, the reaction tubes were initially quickly 
heated in an oil-bath to the required temperature. 

The surface area, A, of the mineral was determined by the Kozeny liquid flow method 
(Carman, J. Soc. Chem. Ind., 1939, 58, 1; 1938, 57, 225), water being used as flowing liquid. 
The purified sodium-ultramarine was found to have a surface area of 5730 cm.? per g., while the 
heavier silver form gave A = 3380 cm.? per g. 


RESULTS 

Cation-exchange Forms.—A number of experiments were carried out to determine the 
behaviour of ultramarine in exchanges with different cations. The results of these experiments 
are shown in Tables ] and 2. Only silver-ultramarine was readily formed in the pure state. 
The difficulty in obtaining 100% exchange experienced with other ions was complicated by the 
tendency of ultramarine to decompose under hydrothermal conditions (see p. 4642). Silver- 
ultramarine proved very useful in preparative work, for although silver was not easily replaced 
under ordinary conditions using solutions of nitrates or sulphates, yet it could be displaced by 
solutions of halides of the desired cations, because of the precipitation of insoluble silver salts. 
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TABLE 1. Exchange reactions with univalent cations. 
Method of estimating °% 
exchange 
Weighing and analysis 
Weighing and analysis 


Time 
(hr.) 
24 


Temp. Exchange 
225° 


95 


Reactants * 
'- AgNO, (melt) 
AgNO, (aq.) 


100% 


95° but extensive de- 


Or 
NaCl (aq.) 


NaNO, (aq.) 
LiCl (aq.) 


AgCl formed 

AgNO, formed 

Weighing and 
formed 

Analysis on solid extracted 
by KCN 

Weighing 

Weighing and by KCNS 
titration of AgNO, from 
melt 

Weighing 

Weighing 
formed 

Weighing 
formed 

Weighing 
formed 

Weighing 

Weighing 

Weighing 

AgCl formed (42% reaction) 
but greater than 100% 
exchange from change in 
wt. of mineral 

Weighing 

AgCl formed, 22% reaction ; 
but decrease in wt. of 
mineral 

AgCl formed, but decrease 
in wt. of mineral 

Analysis 


Negligible 
by AgCl 75%; some decomp. 
84%;  [Jconsiderable 

comp. 
78% 
Negligible 


LiCl (aq.) 


Lil (sat. aq.) 
LiNO, (melt) 


LiNO, (melt) 


Ag-U KCl (aq.) and by 


Ag-U KCl (aq.) and by 


and by 


. aq.) 

KCNS (melt) 

KCNS (melt) 

RbCl (5-7m) 4% 

RbCl (4m) Ht-ion,t but probably no 
Rbt-ion, exchange 


No detectable reaction 
Hydrogen-ion exchange t 


Ag-U + CsCl (3m) Hydrogen-ion exchange ft 
Na-U 
solid) 
Na-U -+ NH,Cl (vapour and 
solid) 
Ag-U 


NH,Cl (vapour and 


350 Analysis 


Weighing and AgCl 
formed 

Weighing and by T] analysis 
in melt 

Analysis of solid 

Weighing and 
formed 

AgCl formed 


NH,Cl (1-5m) by 


Na-U + TINO, (melt) 29% 
140 
140 


Na-U + excess TINO, (melt) 32% 
34% 


Ag-U TIC] (sat. aq.) by AgCl 


Ag-U + TICl 136 31% 
TINO, (aq.) 
Na-U + T1,SO, (aq.) + 2 


drops > A NaOH 


(sat. aq.) 


120 Extensive decomp. to give 


T1,S 


The symbol U is used to denote ultramarine. See Discussion. 


TABLE 2. Exchange reactions involving bivalent cations. 


Time Method of estimating %, 


Tem 
110 


Reactants 
MgCl, (aq.) 
MgCl, (aq.) 


+- BaCl, (aq.) 

- BaCl, (aq.) 

+ ZnCl, (aq.) 

+ CdI, (2-5m) 
PbCl, (sat. aq.) 


Na-U 


N +- PbCl, (sat. aq.) 
Na-U +4 


PbBr, (melt) 


Pp 


(hr.) 
140 
17 


exchange 


and by AgCl formed 


Weighing 

Weighing and by AgCl formed 

Weighing and by AgCl formed 

Weighing 1% and by AgCl 
formed 8% exchange 

AgCl formed 

Weighing 

Weighing and by AgCl formed 

Weighing and by AgI formed 

AgCl formed and by analysis of 
solid 

Weighing 
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Although various attempts were made to prepare thallium-ultramarine of high thallium 
content, it was not possible to obtain appreciably more than 30% exchange. From sodium- 
ultramarine, heating with a large excess of fused thallous nitrate gave 32% exchange, while 
treatment of silver-ultramarine with hot thallous chloride solution resulted in 34% exchange. 


Fic. 1. Kinetics of exchange in ultramarine. 
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A mixture of thallous chloride and nitrate was then used, to give a higher Tl*-ion concentration, 
but this did not improve the % exchange (Table 1). 

Colour changes often accompanied ion exchange in ultramarine. 
ultramarine changed to green in the silver form, and to brown in the lead-rich form. 
rich ultramarine was coloured like the sodium form, but partial exchange towards lithium- or 
thallium-ultramarine gave a darker, richer shade of blue. Microscopical examination of the 
product of the Agt —» Zn** exchange showed that the crystals rich in zinc were pale brown. 

The results of exchanges carried out in a variety of pure organic solvents are shown in 
Table 3. In some cases 4/¢ is given to permit a comparison of the rate of reaction in the organic 


The intense blue of sodium- 
Potassium- 
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solvent with that in water. Before use these solvents were dried over freshly ignited quick- 
lime and redistilled. Even with solvents which have minimum solvent power for electrolytes 
(e.g., benzene), the extent to which reaction proceeds is noteworthy. 

Cation-exchange Kinetics.—Kinetic studies were made for various cation pairs. In general 
the % exchange was a linear function of 1/¢ over the earlier stages of the process, as shown in 
Fig. 1, and as required by equation (1). 

In the Ag+ —» Lit exchange at 45° in aqueous solutions, and at 30° and 45° in sec.-butyl 
alcohol as solvent, the graphs of Fig. 1 cut the 1/¢ axis instead of passing through the origin. 
This behaviour was associated with incomplete reaction in the preparation of the silver- 


TABLE 3. Jon-exchange in non-aqueous solvents. 

Reactants Solvent Temp. Reaction time 4/t (tin min.) Exchange, % 
Am'iOH 17 hr. 20 min. - 

18 hr. 45 min. 
24 hr. 20 min. 
18 hr. — 
1] days 16 hr. 130 
5 days -— 
99 hr. 35 min. 77:3 
11 days 126 
23 days 182 
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ultramarine from the original sodium form. Thus over the earliest part of the subsequent 
Ag+ —» Lit exchange some replacement of Na* by Li*, as well as the replacement of Ag* by 
Li*, was occurring. Therefore the exchange measured by the silver chloride formed or by the 
change in weight of the ultramarine crystals was at the beginning slightly less than the total 
exchange which had actually taken place. When the work was repeated with lithium chloride, 
and silver-ultramarine specially treated to ensure complete exchange, the graphs obtained 
(Fig. lc, curves at 30° and 15°) passed through the origin. They were then quite parallel to 
graphs originally found at 30° and 15° when using the impure silver-ultramarine which had not 
passed through the origin. In calculations of exchange diffusion coefficients only the initial 
slope and final extent of reaction are involved so that any displacement of the graph in the way 
described above is of little consequence. 

A second effect was noted in the Ag —» Nat exchanges. Here the graphs of % exchange 
against 4/¢ made a positive intercept on the axis of % exchange, at ¢ = 0, instead of passing 
through the origin (Fig. 1d). This behaviour was associated with the presence of a little silver 
oxide initially in the silver-ultramarine which was extracted with the silver chloride in the 
separation (with ammonia) carried out after reaction. Thus the estimated silver was a little 
greater than it should have been, and the graph was displaced upwards parallel to the true 
graph. The sample of silver-ultramarine in this series had been stored for some time, and the 
presence of silver oxide can be attributed to hydrogen-ion exchange due to sorption of moisture 
[H,O (adsorbed) + Agt —» AgOHy -+- H*]. 

Difficulty was experienced in measuring the exchange equilibrium position, since the very 
prolonged hydrothermal treatments often needed favour decomposition of the ultramarine. 
Nevertheless, the equilibrium exchange was measured at one temperature for the Agt —» Li’, 
Agt —» Na*, and Agt —» K?* interchanges. In the Nat —» TI* exchange much thallous 
sulphide appeared when reaction proceeded for times in excess of those in Fig. 1b. In exchanges 
involving Ag* the correction (see p. 4642) for formation of silver sulphide became inaccurate 
when large amounts of the sulphide were formed by decomposition of the ultramarine. This 
effect is shown in the Agt —» Na* graph at 110°, where the final point appears lower than the 
preceding one. 

The determination of equilibrium by approaching it from both directions was possible only 
with the exchange Na-U + Ag,SO, —=™ Ag-U + Na,SO,. The Ag and the Na form were 
the only two which were obtained with 100% exchange, and the use of incompletely exchanged 
material was considered desirable only if it could be prepared without recourse to long hydro- 
thermal treatments which gave some decomposition. Jon-exchange forms obtained by using 
fused salts were generally rather free from any decomposition, but unfortunately only for silver- 
ultramarine were the end-products sufficiently highly exchanged to be useful in fixing equilibrium 
points from both directions. 

With the Ag+ —» Lit exchange at 30° another method of measuring the end-point was used. 
A product with 66% Li exchange was prepared by a preliminary short hydrothermal treatment 
of silver-ultramarine, the product being reasonably free from decomposition. It was dried and 
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annealed for 2 hr. at 120°. Kinetic measurements were then made upon both this partly 
exchanged form and pure silver-ultramarine. The kinetics of the partly exchanged material 
follow initially the equation : 

Q',-—Q =(2A/V)(Q, —Q)VDife . . . . . « (2) 


where Q, is the amount of exchange (66%) at ¢ = 0, and other symbols are as in equation (1). 
The exchange kinetics of the pure silver-ultramarine follow equation (1). The initially linear 
graphs of Q’, and Q, against 4/¢ are then extrapolated to intersect. The value of Q, at this 


intersection point is equal to Q,,. This can be seen from Fig. 2a, where we have to show that 


Cy 


Fic. 2. 


(a) The Agt ——» Lit exchange at 30° from 
crystals initially of different cationic com- 
position. 

(b) The influence of temperature upon ion- 
exchange diffusion coefficients of Ag* —> 
Lit ultramarine. 


4 ee = =  — —— 
0-00318 000326 000334 0.00342 
Y7 


Q,, = DB. At the crossing point C, the value of 4/¢ is the same for equations (1) and (2) 
and Q’, = Q,. Hence from these equations we find at this point that : 
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The same method was less successful with the Nat —» Tl* exchange because of the marked 
decomposition yielding thallous sulphide, and the end-point could only be estimated from the 
shape of the graph at 118°. Although absolute values of D may then be in error, the values of 
the energy of activation should be correct provided temperature has no great effect on the 
equilibrium point (7.e., the heat of exchange, AH, is small). 

The assumption that the end-points are little affected by temperature is in accordance with 
the experience of various workers. It has been observed in the zeolite chabazite (Barrer and 
Sammon, unpublished work), and in a variety of other exchangers (Rothmund and Kornfeld, 
Z. anorg. Chem., 1918, 108, 129; 1919, 108, 215; Patton and Ferguson, Canad. J. Res., 1937, 
15, B, 103; Boyd, Schubert, and Adamson, J. Amer. Chem. Soc., 1947, 69, 2818). Even where 
the valencies of the exchanging ions differ (e.g., Ca** = 2Nat) the exchange equilibria remain 
comparatively insensitive to temperature (Vanselow, Soil Sci., 1932, 83, 95; Magistad, Fireman, 
and Mabry, ibid., 1944, 57, 371). Evidence that exchange equilibria in ultramarine were not 
much altered by temperature follows from inspection of Fig. la for the Ag*-Na* inter- 
change. ‘There is no significant shift over the temperatures 60°, 75°, and 95°. This appears 
true also in the Agt—Lit exchange at 30° and 45° (Fig. Ic). 

Exchange Diffusion Coefficients —For all exchanging pairs studied kinetically, except 


and so 
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Na* —» TI’, it was possible to fix the equilibrium position for at least one temperature with 
moderate accuracy. At any temperatures for which direct measurement was not possible, 
it was assumed that these end-points varied little with temperature. It was then possible to 
determine exchange diffusion coefficients, D, from equations (1) and (2) (Table 4). 

The values of D normally depended exponentially upon the temperature, according to the 
Arrhenius equation [D = D, exp(—E/RT)]. This is shown in Fig. 2b for the Ag*t —» Lit 
exchange. From the data it was thus possible to find E and D). One now sets (Glasstone, 
Laidler, and Eyring, ‘‘ The Theory of Rate Processes,’’ McGraw-Hill, New York, 1941) : 


D = @hTjRjexp(—-AG*JRT) . . . . .. . 


where d is the distance moved in a unit diffusion, A is Planck’s constant, and AG* the free 
energy of activation. The other symbols have their usual significance. d may be taken as 
7-9 A, the distance between successive equilibrium positions according to Jaeger’s model for 
ultramarine (loc. cit.). Accordingly, AG* may be found, and finally AH* and AS*, the heat and 
entropy of activation, from the relations 


(4) 


Uncertainties in the values of D and especially of E affect the magnitudes of heats, entropies, 
and free energies of activation. For example, in the Ag+ —» K* exchange F varies according 
to temperature and the complicating factor of limited solid solubility arises (see p. 4649), so 
AS* is of little significance. The various quantities calculated from the kinetic studies are given 
in Table 4. Values of D, are larger than those usually found in ion migration (Boyd, Adamson, 


TABLE 4, Exchange diffusion coefficients and related data. 
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and Myers, J. Amer. Chem. Soc., 1947, 67, 2836; Kressman and Kitchener, Discuss. 
Faraday Soc., 1949, 7, 90). D for the exchange of Na* —» TI in ultramarine is numerically 
considerably smaller than is D for the same exchange in analcite (Barrer and Hinds, J., 1953, 
1879). The presence of polysulphide ions intercalated in the channels permeating the 
ultramarine structure may decrease the intracrystalline mobility of cations in this crystal as 
compared with analcite. Within the ultramarine system itself the results in Table 4 demonstrate 
clearly the influence of ion size on exchange. The value of AG*, which is the rate-controlling 
factor, increases in the order Li < Na < K for those exchanges in which silver-ultramarine was 
the starting material. AG* is almost the same for the Na+ —» Tl* and the Agt —» K* 
exchanges, where the sums of the radii of the respective ion pairs are almost identical. How- 
ever, the results of the Na* == Agt exchanges at 75° show that AG* is lower in the sodium- 
rich than in the silver-rich form. This may be associated with a small contraction of the lattice 
of silver-ultramarine relative to that of sodium-ultramarine (see Fig. 5). 

Exchange Isotherms.—Optical and X-ray data, and the form of exchange isotherms, have 
demonstrated that in analcite the end-members of an ion-exchange pair do not always give a 
continuous range of solid solutions (Barrer and Hinds, loc. cit.; Barrer, Baynham, and McCallum, 
J., 1953, 4035). Diffusion coefficients will in general have different values in each phase, 
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and moreover in case of limited solid solubility the interpretation of kinetic data requires 
modification and gives values of D different from those obtained by using equations (1) and (2). 
The corrections require a knowledge of limits of mutual solid solubility of the end-members, and 
so of the form of the exchange isotherm (Barrer and Hinds, Joc. cit.). It was thus desirable to 
obtain isotherms and X-ray data in ultramarine to see whether limited solid solubility 
arises there also. . 

Exchange isotherms in ultramarine were not readily determined. Long equilibration times 
favoured some decomposition of the ultramarine. Moreover, the very great affinity of the 
ultramarine for silver made for such small equilibrium concentrations of aqueous Agt that 
analytical methods of estimation were unsuitable. However, by the electrometric method 
(see p. 4643) parts of the exchange isotherms of the Agt—Lit and the Agt—Na* pairs were 
measured successfully (Figs. 3a and b). The isotherms demonstrate the remarkable affinity of 
ultramarine for silver. 

Fig. 4 shows a more complete exchange isotherm obtained for the Lit-Na* exchange. 
This exchange had not been studied kinetically, but the system was comparatively free from 
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decomposition of ultramarine. The isotherm (obtained by the weighing method and also by 
analysis of the equilibrium mother-liquor) is continuous and thus indicates continuous solid 
solubility of the lithium and the sodium form of ultramarine. Values of the mass-action 
quotient K = (Na/Li)cryst,/(Li/Na)soin, are given in Table 5, and are fairly constant. 


TABLE 5. Mass-action quotients for the Li'—Na* exchange in ultramarine. 
Exchange, %: Nat——» Lit 93 10-5 13-7 21-4 24-6 38-8 
10K Rims oeslinuhietime Seu 3°80 3°81 3°64 4-72 3-71 4-34 

X-Ray Examination of Ion-exchanged Forms.—In order to investigate further the possibility 
of limited mutual solid solubility of end-members, and also to demonstrate lattice changes 
associated with exchanges in crystals of ultramarine, X-ray powder photographs were taken of 
exchange forms enriched in various cations. In all cases the characteristic ultramarine pattern 
was preserved, but some adjustment of lattice dimensions occurred when ions of different radii 
were introduced. This effect is seen in Fig. 5 for ultramarine crystals having in order the 
cationic compositions 80% K + 20% Ag; 75% Pb + 25% Na; 71% Na+ 29% Tl; 100% 
Na; 37% Ag + 63% Zn; 100% Ag; and 75% Li + 25% Ag. 

The most expanded crystals are those rich in potassium and the most collapsed are those 
rich in lithium. Unit-cell determinations gave the following results for the cubic unit cell edge 
in Table 6. There is a general tendency for unit-cell dimension and ionic radii to increase 
together, but unit cells enriched in Ag*, Tl*, and Pb**, which form insoluble sulphides and tend 
to show some covalency, are smaller than the ion-size sequence of Table 6 suggests. 

The X-ray powder photographs of ultramarines of cationic content 60% K + 40% Ag and 
80% K + 20% Ag give evidence of limited mutual solid solubility. Inspection of Fig. 6 shows 
displacement of lines, as noted above, between potassium-rich and silver-rich phases. If a 
continuous range of solid solutions is present any line in the spectrogram of an exchange product 
of intermediate cationic composition should be spaced between the corresponding lines of 
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TABLE 6. Unit-cell dimensions of cation exchanged uliramarines. 
Cations present Tonic radii (A) * Unit-cell edge (A) 
75% Li + 25% Ag Lit, 0-78 (0-60) 
) Ag Agt, 1-13 (1-26) 
, Ag + 638% Zn Zn*++, 0-83 
100% Na Na*, 0-95 (0-98) 
71% Na + 29% Tl TI‘, 1-49 
75% Pb + 25% Na Pbt+, 1-32 
80% K + 20% Ag Kr, 1-33 (1-33) 
* Values quoted are those of Goldschmidt (cf. Evans, “‘ Crystal Chemistry,” C.U.P., 1939, p. 171). 
Figures in parentheses are due to Pauling, ‘‘ The Nature of the Chemical Bond,” Cornell Univ. Press, 
1940, p. 346. 


products respectively richer in potassium and in silver. In Fig. 6, however, the marked silver- 
ultramarine lines appear at the same spacing in all photographs but become weaker as the silver 
content decreases. Simultaneously certain lines associated with potassium-ultramarine (also 


Fic. 5. Adjustments in d-spacings accompanying ion exchanges in ulivamarine. 
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Fic. 6. X-Ray evidence of limited mutual solid soluility of K- and Ag-ultramarines. 
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marked) become stronger but again show no shifts in position. It may be inferred that the 
material is not homogeneous but that it consists of two solid phases, one rich in silver, the other 
in potassium. 

The X-ray powder photographs of intermediate cationic compositions among other 
exchanging pairs were examined but the Ag—K-ultramarine system was the only one in which 
evidence of limited solid solubility was obtained. However, there was also optical evidence 
of the phenomenon in the product of the Ag*-Zn*+* exchange, where both green (Ag-rich) 
crystals and pale brown ones were found. The green crystals had n > 1-64; the brown ones 
had n < 1-64, and were thought to be the zinc-rich phase. 


DiscussION 
In Table 1 several instances of hydrogen-ion exchange are recorded. For example, in 


presence of aqueous cesium chloride, silver chloride is formed from silver-ultramarine, and 
the weight of the ultramarine instead of increasing, as would be the case in the exchange 
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Ag* —» Cst, decreases. In the analogous process with rubidium chloride solution, the 
decrease in weight of the silver-ultramarine was more than corresponded to 100% exchange 
of silver by rubidium, while the silver chloride actually displaced corresponded to only 
42°, exchange. These results are explained quite simply as the reaction : 

MCl + H,O + Ag-U AgCly + MOH + H-U 


where M denotes Rb or Cs. Such hydrogen ion-exchange will only occur where (1) the Ag*- 
ion concentration is very small in the solution, (2) the ion M* is too large to enter the 
crystals, for otherwise the hydrogen ion, which is at an extremely small concentration in 
the exchanging solution, will not be able to compete for the exchange sites in presence of 
the much higher concentrations of M* and of Ag*. It is interesting that crystalline 
hydrogen aluminosilicates may be obtained by the above method, since treatment of 
aluminosilicates with acids normally decomposes them. 

An ion-sieve effect as between Li*, Na*, and K* on the one hand, and Rb* and Cs* on 
the other, is now apparent from our data. The smaller alkali-metal ions will readily enter 
the crystals, but Rb* and Cs* do not. With analcite the corresponding sieve effect 
appeared between Li*, Na*, K*, and Rb* on the one hand and Cs* on the other (Barrer, 
J., 1950, 2342), so that in ion-exchange diffusion analcite is a somewhat more open 
structure than ultramarine. Chabazite is a still more open structure than analcite in 
ion exchange, since it will accept freely Li*, Na*, K*, Rb*, and Cs* (dem, zbid.). 

Ionic radius is, however, only one factor which controls entry into the crystals, his is 
well illustrated by the failure of Rb* to exchange whereas TI* is able to enter to the extent 
of about 30°% exchange (Table 1). These ions are believed to have virtually identical radii. 
It will be seen from Tables 1 and 2 that, in fact, ions of those elements which form insoluble 
sulphides (Ag*, Pb**, Tl*, Zn**, Cd**) display an affinity for the crystals of ultramarine 
often superior to that shown by much more electropositive and basigenic elements which 
form soluble sulphides or hydrogen sulphides (Rb*, Ca**, Sr**, Ba**). Since a poly- 
sulphide ion exists interstitially throughout ultramarine, this observation may be of 
considerable significance. It is not, however, the only other factor of importance, for in 
the silver and the thallium forms of analcite and of chabazite, in absence of any interstitial 
sulphide, the silver and thallium still show notable affinity for the crystals (Barrer and 
Hinds, loc. cit.; Barrer, J., 1950, 2342) as compared even with ions like Na*. The 
ability of an ion to exchange, and its affinity for the crystals, seems therefore to be increased 
by an increased polarisability and hence tendency to form covalent links. 

Very little study has been made of the use of organic solvents in ion-exchange reactions. 
Wiegener and Muller (Z. Pflanz. Dung., 1929, 14, A, 332) measured exchanges between a 
synthetic calcium aluminosilicate gel and aqueous-alcoholic sodium, potassium, and 
cesium chlorides, and more recently Kressman and Kitchener (J., 1949, 1211) reported 
exchange experiments with a phenol-sulphonate resin where the solvents were aqueous 
alcohol and aqueous acetone. In the experiments recorded in Table 3 we have used pure, 
dry organic solvents. In the Ag* —» Li* exchange the equilibrium position is little 
changed when water, acetone, sec.-butyl and zsopentyl alcohol are the solvents. The 
solvents were all mutually saturated with respect to each exchanging salt, so that the 
reaction may be of the type 

AX + B-U BX + A-U 

solid in solid solution solid in solid solution 

salt in A-U salt in B-U 
which, as indicated by a statistical thermodynamic treatment (Barrer, ‘‘ Colloque Internat. 
sur les Réactions dans L’Etat Solide,’’ Paris, 1948, CNRS), should give a single end-point, 
the solvent merely being the vehicle for carrying ions A and B between the solid salts AX 
and BX and the ultramarine crystals. However, solvation of the solids AX and BX to 
give crystalline complexes (hydrates, alcoholates) is still possible, and also the formation of 
solid complexes such as AgCl + NaCl —» Na(AgCl,) must be considered. 
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Disaccharide Synthesis following Fructose-transfer from Sucrose 
y g 
Yeast Invertase. 
By D. J. Bett and J. EDELMAN. 
[Reprint Order No, 5722.] 


The action of yeast invertase on a concentrated solution of sucrose con- 
taining D-glucose produces a disaccharide fraction containing 6-O-p-fructo- 
furanosyl-p-glucopyranose. This substance was isolated contaminated by 
at least two difructoses, the structures of which were tentatively deduced from 
chromatographic and borate paper electrophoresis to be 6-O-p-fructofur- 
anosyl-p-fructofuranose and 1-O-p-fructofuranosyl-p-fructose respectively. 

Further evidence is thus provided in favgur of the view that yeast inver- 
tase transfers fructofuranosyl (or fructofygenosido) radicals from the donor 
molecule, sucrose, to acceptors bearing primary alcoholic groups. 


Bacon (Biochem. J., 1954, 57, 320; Ann. Reports, 1954, 50, 281) has recently summarised 
and extended observations on fructose-transferring reactions by yeast invertase—sucrose 
systems made in his laboratory, and elsewhere, especially those of Bacon and Edelman 
(Arch. Biochem., 1950, 28, 467). The latter observed the formation of a chromatographic- 
ally fast-running fraction, ‘‘Component I,” a fructose-glucose disaccharide distinguishable 
from sucrose because it is reducing. Bacon (loc. cit.) has shown this substance to be a 
fructosylglucose since the glucose moiety can be oxidised by hypoiodite without affecting 
the hexulose component. Edelman (Biochem. J., 1954, 57, 22) has extended the original 
work by using [?4C] glucose and [!4C]fructose as acceptors. 

Whelan and Jones (Biochem. J., 1953, 54, xxiv) have observed the formation of a 
similar disaccharide in the system, methyl $-p-fructofuranoside (fructose-radical donor) : 
yeast invertase : D-glucose (fructose-radical acceptor). This disaccharide, like that of 
Bacon, had [«], +5° in H,O; after reduction by sodium borohydride, oxidation by sodium 
metaperiodate of the product led Whelan and Jones to deduce its structure as 6-O-$-D- 
fructofuranosyl-D-glucose. 

We now report that the fructosylglucose (Component I), formed by fructose transfer 
from sucrose as donor to glucose as acceptor, has the same structure as Whelan and Jones’s 
compound. Use of Purdie’s reagents (initially in methanol) yielded an octa-O-methyl- 
disaccharide; chromatographic separation of its hydrolysis products on a silica column 
yielded 1:3: 4: 6-tetra-O-methyl-p-fructose and 2:3: 4-tri-O-methyl-p-glucose, both 
substances being finally characterised as crystalline derivatives. 

We regret that we were not in a position to commence our study of this fructosylglucose 
with a pure sample. Our starting material was contaminated by about 5°%% of ‘‘ difructose.”’ 
During the methylation preferential loss of fructosylglucose took place with consequent 
increase in the relative proportion of methylated “‘ difructose.” Although we were unable 
to obtain pure octamethylfructosylglucose, the chromatographic operations subsequent to 
methylation and hydrolysis of the starting material not only showed the presence of a single 
tri-O-methylglucose but also yielded information about the “‘ difructose.”” Examination 
of the tri-O-methylfructose fraction ({«], —15° in H,O) isolated from the hydrolysate 
indicated the presence of two sugars, almost certainly the 1 : 3 : 4- and the 3 : 4: 6-trimethyl 
isomer. 

The “ difructose ’’ is therefore a mixture of at least two components, 6-O-p-fructosyl-D- 
fructose and 1-O-p-fructosyl-p-fructose. It can be logically presumed that the glycosidic 
links are 8. In the former case, the fructose acceptor-radical must be in the furanose 
form; this need not necessarily hold in the second case, however. It is of course possible 
that these fructosyl fructoses arose by hydrolysis of higher saccharides. 

In conclusion, despite our failure here to effect a completely quantitative analysis, we 
consider that our results provide further evidence that by the action of yeast invertase fructo- 
furanosyl (or fructofuranosido) radicals are transferred only to primary alcoholic groupings 
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of suitable acceptor molecules (cf. Bacon, Biochem. J., 1952, 50, xvii; Whelan and Jones, 
loc. cit.; Albon, Bell, Blanchard, Gross, and Rundell, J., 1953, 24; Bacon and Bell, /., 
1953, 2528; Gross, Blanchard, and Bell, J., 1954, 1727). 


EXPERIMENTAL 


Solutions were evaporated under reduced pressure below 40°. 

Preparation of the Disaccharide Mixture.—Sucrose (100 g.), glucose (50 g.), dialysed B.D.H. 
invertase (10 ml.), and water (250 ml.) were incubated at 20° for 100 min. The mixture was 
then kept in a boiling-water bath for 10 min., then allowed to cool. Packed cells (60 g.) of 
Candida krusei (an invertase-free organism) were added to reduce the hexose content and the 
mixture incubated at 30° for 40 hr.; copious evolution of carbon dioxide resulted. After 
removal of solids on the centrifuge, the supernatant liquid was evaporated to a thick syrup; 
this was diluted with water to 200 ml., and an insoluble residue removed on the centrifuge. 
The supernatant liquid (60 ml.), which was neutral to bromothymol-blue, was run into a charcoal 
(NY3)-celite (1 : 1) column (36 x 17cm.) (this column had previously been exhaustively washed 
with water until the effluent was neutral to bromothymol-blue). Gradient elution was started 
immediately with 25% (v/v) ethanol dropping into a continuously stirred reservoir-volume of 
41. of water. A mixture of Component I and “ difructose ’’ emerged after the first 4-25 1. of 
eluate. The bulk of these sugars (detected by paper chromatography; Edelman, /oc. cit.) 
emerged in the subsequent 430 ml. of eluate which was evaporated to a dry syrup. This was 
placed on a B.D.H. charcoal—celite (1 : 1) column (300 x 35 mm.) previously washed with water 
to give an effluent neutral to bromothymol-blue. Gradient elution (75% aqueous ethanol into 
2 1. of water) gave some separation of the ‘‘ difructose’’ from Component I; a considerable 
mixed fraction was, nevertheless, obtained. As much “ difructose’’ as possible was eliminated 
in this way without discarding too much of Component I. Quantitative paper-chromatographic 
analysis (Bacon and Edelman, Biochem. J., 1951, 48, 114) showed the presence of 760 mg. of 
Component I and 90 mg. of ‘‘ difructose,’’ as assayed from their fructose contents. 

Repetition of the charcoal chromatographic operation gave a syrup containing 500 mg. of 
Component I and 27 mg. of difructose. It had [a] +1-2° +0-3°. As it was considered 
inadvisable to attempt further separations owing to the losses which occurred this material was 
examined by methylation as described below. 

Methylation of Crude Component I.—To 500 mg. dissolved in dry methanol (10 ml.), 5 ml. of 
methyl] iodide (dried over K,CO,) were added followed by silver oxide (20 g.) and calcium sul- 
phate (5 g.). The whole was kept at room temperature with occasional shaking for 48 hr. 
Solids were removed by filtration and washed with hot, dry methanol (100 ml.). The combined 
filtrates, on evaporation, gave 450 mg. of a colourless syrup, strongly reducing towards Fehling’s 
solution and insoluble in dry acetone. Two further treatments as above yielded 400 mg. of a 
non-reducing syrup, soluble in methyl iodide, which was subjected to two methylations with 
Purdie’s reagents. The final product was a syrup which did not crystallise; it gave a single 
paper-chromatographic spot with a number of solvents and showed no evidence of containing 
monosaccharide derivatives (Found : OMe, 55-0. Calc. for CyyjH3,0,,;: OMe, 54:6%). 

Preliminary Examination of the Methylated Material——_A sample, hydrolysed for 2 hr. with 
0-02N-sulphuric acid at 100° gave, on a paper chromatogram, evidence (solvents, »-butanol— 
water; sprays, aniline hydrogen phthalate, and urea—hydrochloric acid) of 1:3: 4: 6-tetra- 
O-methylfructose and two tri-O-methylfructoses. No aldose could be detected; on the assump- 
tion that the glucose moiety of Component I has the pyranose structure and that its reducing 
group must have been methylated, a methyl glycopyranoside would not be detected by the 
aldose spray used. 

Hydrolysis (2 hr. at 100°) with n-hydrochloric acid showed the presence of a trimethyl- 
hexose, with the same R, as 2 : 3 : 4-tri-O-methylglucose, in addition to the methylated fructoses 
noted above. 

Silica-column Chromatography of the Hydrolysed Methylated Material.—As a result of the 
paper-chromatographic experiments described above, the mixture (300 mg.) of methylated 
component I and methylated ‘‘ difructose ’’ was treated as follows: A solution in 0-02N- 
sulphuric acid was heated for 60 min. at 100°. The acid was then neutralised by barium car- 
bonate and, after removal of solids by filtration through a bed of charcoal, the filtrate was 
concentrated to a syrup and transferred to a silica-water column made from 10 g. of dry silica 
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and 5 g. of water (Bell and Palmer, J., 1949, 2522). After passage of 28 column-lengths of 
toluene containing 0-33% of ethanol through the column, and evaporation of the eluate, 260 
mg. of material (Fraction t) ) were obtained. 

The material remaining in the column was extracted by methanol; the solution, on evapor- 
ation, yielded ~ 20 mg. of syrup (Fraction II), [a]? —15° (c, 0-7 in H,O; J, 2), containing two 
trimethylhe nal ire only, which occupied the paper- chromatographic positions of 1:3: 4- and 
3:4: 6-tri-O-methylfructose. This mixture was examined by borate paper-electrophoresis 
(see below 

Fraction I, on paper chromatography, appeared to contain only 1:3: 4: 6-tetra-O-methyl- 
fructose. It was heated in n-hydrochloric acid (100 ml.) for 120 min. at 100°. The hydrolysate, 
after neutralisation with silver carbonate in the usual way, was concentrated to a syrup and 
this was transferred to a column made from silica (10 g.) and water (5g.). Elution by 12 column- 
lengths of water-saturated chloroform, followed by evaporation of the eluate (cf. Bell, J., 1944, 
473), yielded 130 mg. of 1: 3:4: 6-tetra~-O-methyl-p-fructose, [a]? + 30 in H,O, 2? 1-4512 
(cf. Bell, J., 1953, 1231). Aldoses were absent. The substance gave “‘ tetra methylfruc to- 
furonamide,’’ m. p. and mixed m. p. 100—101° (Haworth, Hirst, and Nicholson, J., 1927, 1513). 

The eluted column was then extracted with methanol to yield, finally, 90 mg. of a colourless 
syrup of a single chromatographic component, an aldohexose, in the position of 2: 3: 4-tri-O- 
methylglucose. The syrup had [«]}? +79° in H,O and n?? 1-4705 (cf. Greville and Northcote, 
J., 1952, 1945); it gave an aniline derivative, m. p. ona mixed m. p. 147—148° (cf. Peat, 
Schliichverer, and Stacey, J., 1939, 581) 

Bovate-paper Electrophoresis of Tri-O-methylfructose Fraction.—The mixed sugars of Fraction 
II were intentioned by Consden and Stanier’s method (Nature, 1952, 170, 1069) (cf. Bell and 
Denonder, J., 1954, 2866). Bell and Northcote (Chem. and Ind., 1954, 1820) have recorded the 
electrophoretic behaviour on borate paper of a number of methy lated fructoses and have demon- 
strated a distinction between those compounds which must, or can, exist in the furanose form and 
those which must have the pyranose structure, by means of Dedonder’s urea—hydrochloric acid 
spray (Bull. Soc. chim., 1952, 19, 874). The former sugars give a blue-grey colour while the 
latter were stained ochre. When 1: 3: 4: 6-tetra-O-methyl-p-fructose was used to mark the start- 
line and 3: 4: 6-tri-O-methyl-p-fructose as standard (distance migrated, 1-00), the following 
relative migration distances were found for the appropriate tri-O-methylfructoses : 1:3: 4-, 
0-0; 1:4:6-,1-13; 1:4:5-,0-96; Fraction II, 0-0 and 1-00. All the sugar spots were stained 
blue-grey, except that of 1 : 4: 5-tri-O-methylfructose which gave the expected ochre. 

Although 1:3: 5-, 1:3: 6-, and 3: 4: 5-tri-O-methyl-p-fructoses were not available, there 
can be little “pe t that the two components of Fraction II were the 1: 3: 4- and the 3: 4: 6- 
derivative. 1:3: 6-Tri-O-methyl-p-fructose would almost certainly not migrate (unless it 
passed into the “ to-form); it would stain as a furanose derivative but would have a positive 
rotation so that a mixture with 3: 4: 6-tri-O-methyl-p-fructose would have also a positive 
rotation (~+30°). Fraction II had [#2], —15° in H,O. Both 1:3: 5- and 3:4: 5-tri-O- 
methyl-p-fructoses would be expected to be stained ochre and have large negative rotations. 


The authors are grateful to Dr. E. E. Percival for specimens of 1: 4: 6- and 1: 4: 5-tri- 
0O-methyl-p-fructoses and to Dr. D. H. Northcote for assistance with the electrophoretic 
experiments. 
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Syntheses in the Naphthalene Series. Part V.* Action of Sulphuric 
Acid on Substituted Ethyl y-Phenylacetoacetates. 
By GABRA SOLIMAN and ABpDEL HAMID AHMED YOUSSEF. 
[Reprint Order No. 5669.] 
Five new «-substituted ethyl y-phenylacetoacetates have been prepared, 


hydrolysed, and converted into pyrazolones and isooxazoles. In sulphuric 
acid they gave 1 : 3-dihydroxynaphthalene derivatives and lactones. 


Ir has been shown (Soliman e¢ al., J., 1944, 53, 55, 56; 1951, 93) that «-substituted ethyl] 
y-phenylacetoacetates exhibit keto-enol tautomerism (except the «-diphenylmethyl 
derivative), and are converted by sulphuric acid into 1 : 3-dihydroxynaphthalenes, most 
of which are oxidised in alcoholic potassium hydroxide by air to 3-hydroxy-1 : 4-naphtha- 
quinones. With the object of synthesising hydroxynaphthaquinones which might have 
antihzemorrhagic or antimalarial activity, five further esters have now been examined. 

p-Nitrobenzyl chloride and ethyl sodio-y-phenylacetoacetate in benzene gave ethyl 
a-p-nitrobenzyl-y-phenylacetoacetate (I; R = £-NO,°C,H,°CH,), together with a small 
amount of ethyl ««-di-p-nitrobenzyl-y-phenylacetoacetate which was the major product 
when the reaction was carried out in ethanol. The disubstituted ester resisted acid- 
catalysed hydrolysis and other attempted reactions, but ethyl «-p-nitrobenzyl-y-phenyl- 
acetoacetate was readily hydrolysed to 4-p-nitrophenyl-1-phenylbutan-2-one and converted 
into an tsooxazole and a pyrazolone. 

Unlike ethyl «-benzyl-y-phenylacetoacetate (I; R = CH,Ph) which was cyclised to 
1-hydroxy-2 : 3-benzofluorene, ethyl «-p-nitrobenzyl-y-phenylacetoacetate was converted 
into 1 : 3-dihydroxy-2-pf-nitrobenzylnaphthalene (II) by sulphuric acid, the nitro-group 
retarding further cyclisation just as it did cyclisation of ethyl y-p-nitrophenylacetoacetate 
(loc. ctt.). 

1 : 3-Dihydroxy-2-p-nitrobenzylnaphthalene was characterised as diacetate and by 
oxidation in methanol by air to 2-hydroxy-3-f-nitrobenzyl-1 : 4-naphthaquinone (III) 
(Fieser, Leffler, and their co-workers, ]. Amer. Chem. Soc.,19 48, 70, 3174). This 
oxidation can be interpreted on the basis of the hydroperoxide mechanism proposed for 
the oxidation of tetralin to «-tetralone (Frank, Chem. Reviews, 1950, 46, 162), dependent on 
the presence of a methylene group adjacent to a double bond (cf. II). 

Ethyl «-p-methoxybenzyl-y-phenylacetoacetate (I; R = p-MeO-C,H,CH,) was 
similarly prepared and converted into 4-f-methoxyphenyl-1-phenylbutan-2-one and an 
isooxazole. However, it did not give a crystalline naphthalene derivative in sulphuric 
acid; the presence of the methoxyl group seems to have enhanced sulphonation which 
rendered the intermediary cyclisation product water-soluble. 

Whereas ethyl «-bromoisobutyrate has failed to condense with ethyl sodio-y- 
phenylacetoacetate in the normal way, ethyl «-methyl-«’-phenylacetylsuccinate (I; R = 
CHMe:CO,Et) was readily formed by the action of ethyl «-bromopropionate: it was 
hydrolysed to «-methyl-y-oxo-8-phenylvaleric acid. This ester was cyclised by sulphuric 
acid to a crystalline product C,3;H, 90, which formed a monoacetate and accordingly was 
the y-lactone (IV a or 6) which arose from such an intermediate as «-(1 : 3-dihydroxy- 
naphthyl)propionic acid. Like the y-lactone formed from ethyl phenylacetylsuccinate 
(1; R = CH,°CO,Et), this homologue was quantitatively oxidised to a quinone in presence 
of alcoholic potassium hydroxide, but the quinone (V) isolated on acidification was the 
lactone in which the methyl group contributes to the stability of the lactonic ring. 

In an attempt to establish the structure of the product (V) by an alternative synthesis, 
the course of the Liebermann reaction for the synthesis of 3-hydroxy-1 : 4-naphthaquinon- 
2-ylacetic acid (Liebermann, Ber., 1899, 32, 260; 1900, 33, 566) has been studied. Though 
2 : 3-dibromonaphthaquinone failed to yield the desired compounds with diethyl sodio- 
methylmalonate and diethyl sodiophenylmalonate in alcohol, diethyl «-(3-bromo-l : 4- 
naphthaquinon-2-yl)-«-methylmalonate was readily prepared in ether. Similarly, diethyl 

* Part IV, J., 1951, 93 
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3-bromo-1 ; 4-naphthaquinon-2-ylmalonate, tetraethyl 1 : 4-napththaquinone-2 : 3-dimalon- 
ate, and ethyl «-(3-bromo-l : 4-naphthaquinon-2-yl)acetoacetate were prepared in 
satisfactory yields unobtainable otherwise (cf. Liebermann, Joc. cit.); the last two esters 
were accompanied by diethyl 2-oxo-1’ : 4’-naphthaquinono(2’ : 3’-4 : 5)cyclopentene- 
1 : 3-dicarboxylate and 1 : 3-diethoxycarbonyl-2-methylbenz| f|indene-4 : 9-quinone (Lieber- 
mann, Joc. cit.; Suryanarayana and Tilak, Proc. Indian Acad. Sci., 1953, 38, A, 534). 
Before the latter publication, the high ethoxy] value of the benzindene-4 : 9-quinone 
convinced us that Liebermann’s formula was inadequate. 
CH, 
‘OH Ry = CH,°C,H,’NO,-p) Par Wr ‘oO 
' tdi ps N \ 77 —CHMe 
O 


\ 
(Nou 
\/\/\cHMe 

o—Cco 

(IVb) 


Contrary to expectation, hydrolysis of diethyl «-(3-bromo-1 : 4-naphthaquinon-2-yl)-«- 
methylmalonate did not lead to «-(3-hydroxy-1 : 4-naphthaquinon-2-yl)propionic acid or 
to the quinone (V). 

Ethyl «-phenyl-«’-phenylacetylsuccinate (VI), prepared by the action of ethyl «-bromo- 
phenylacetate on ethyl sodio-y-phenylacetoacetate, is exclusively ketonic; it was hydro- 
lysed to y-oxo-«8-diphenylvaleric acid (VII) which was identified as the methyl ester 
(Spiegel, Ber., 1881, 14, 1686) and the semicarbazone (Asano and Kameda, Ber., 1935, 
68, 1565). This acid (dihydrocornicularic acid) was converted by Spiegel (Annalen, 1883, 
219, 25) into the lactone (VII!a) and by Thiele and Straus (7bid., 1901, 319, 211) into 
the lactone (VIIIb). Like ethyl «-diphenylmethyl-y-phenylacetoacetate, the ester (VI) 

Ph-CH-C’Cl iyCHPh <t—  Ph-CH,°CO-CH,"CHPh:CO,H —» Ph-CH,yCH-CH.CPh 
O CO (VII) O “=O 
(VIlla (VIIId) 


CO,Et ~O,Et 
Ph:Cl i:C-CH-CHPh <— Ph-CH,°CO-CH-CHPh-CO,Et —_—>. Ph-CHyCH*C.C Ph 
O co CO,Et O=-"a0) 
IXa (VI) (1Xb) 


with sulphuric acid gave only traces of a naphthalene derivative, but at 0° and at room 
temperature it afforded two isomeric lactones, Cy9H,,0O,, m. p. 180° and 75°, probably 
(1Xa and b or vice versa). 


EXPERIMENTAL 
Light petroleum used had b. p. 40—60°. 

Ethyl a-p-Nitrobenzyl-y-phenylacetoacetate.—p-Nitrobenzyl] chioride (14 g., 1 mol.) was added 
to a suspension of ethyl sodio-y-phenylacetoacetate (18-9 g., 1 mol.) in benzene, and after 
4 hours’ heating the solution was washed, dried, and distilled. The oily residue (25 g.) which 
solidified on cooling yielded 15 g. of the ester, m. p. 62°, on treatment with cold methanol. 
When digested with hot methanol, it was freed from ethyl ««-di-p-nitrobenzyl-y-phenylaceto- 
acetate (1 g.), m. p. 158°, which remained undissolved. The mono-p-nitrobenzyl compound 
crystallised from benzene-light petroleum in needles, m. p. 65° (Found: C, 66-8; H, 5-7; 
N, 4:2; OEt, 14-0. C,,H,,O;N requires C, 66-8; H, 5-6; N, 4:1; OEt, 13-2%). Its alcoholic 
solution gave a reddish colour with ferric chloride and a yellow colour with sodium hydroxide. 

3-Benzyl-5-hydroxy-4-p-nitrobenzylisooxazole was obtained when an alcoholic solution of this 
product (0-5 g.) was heated for 6 hr. with hydroxylamine hydrochloride (0-5 g.) and sodium 
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acetate (0-5 g.). It crystallised from benzene in needles, m. p. 125°, which gave a green colour 
with ferric chloride and a yellow colour with sodium hydroxide (Found: C, 66-0; H, 4-7; 
N, 8:8. C,,H,,0,N, requires C, 65-8; H, 4-6; N, 9-0%). 

3-Benzyl-4-p-nitrobenzyl-1-phenyl-5-pyvazolone was prepared when an alcoholic solution of 
the ester was heated with phenylhydrazine hydrochloride and sodium acetate for 2 hr. It 
crystallised from methanol in needles, m. p. 160° (Found : C, 72-1; H, 5-1; N, 10-2. C,3H,,0O,N, 
requires C, 71-7; H, 5-0; N, 10-9%). 

4-p-Nitrophenyl-1-phenylbutan-2-one —Ethyl «-p-nitrobenzyl-y-phenylacetoacetate (0-5 g.) 
was hydrolysed for 10 hr. with a boiling mixture (25 ml.) of acetic acid (90 ml.), sulphuric acid 
(3 ml.), and water (7 ml.). The ketone crystallised from benzene-—light petroleum in needles, 
m. p. 70°, which gave a faint reddish colour with sodium hydroxide (Found: C, 71-3; H, 
5-6; N, 5:2. C,gH,,O,N requires C, 71:3; H, 5-6; N, 5:2%). Its oxime crystallised from 
benzene-—light petroleum in needles, m. p. 95° (Found: C, 67-6; H, 5-5; N, 9-9. C,,H,,03;N, 
requires C, 67-6; H, 5:7; N, 9-9%). 

l : 3-Dihydroxy-2-p-nitrobenzylnaphthalene.—Ethyl «-p-nitrobenzyl-y- phenylacetoacetate 
(4 g.) was stirred into ice-cold concentrated sulphuric acid (12 ml.), and afier being kept at 
room temperature for 2 days the solution was poured on ice. The sticky product was extracted 
with ether, and the ethereal solution shaken with 5% aqueous ammonia. The ammoniacal 
solution gave on acidification and extraction with ether 0-4 g. of 2-hvdroxy-3-p-nitrobenzyl- 
1 : 4-naphthaquinone. The neutral ethereal solution yielded 3 g. of the diol which crystallised 
from benzene—methanol in yellowish needles, m. p. 162° (Found: C, 69-3; H, 4:5; N, 4-8. 
C,,H,,0,N requires C, 69-1; H, 4:4; N, 4:7%). Its diacetate, prepared by acetic anhydride 
and sodium acetate, crystallised from benzene in prisms, m. p. 201° (Found: C, 66-4; H, 
4-4; N, 3-7. C,,H,,0,N requires C, 66-5; H, 4-5; N, 3-7%). 

3-Hydvoxy-2-p-nitrobenzyl-1 : 4-naphthaquinone was obtained almost quantitatively when a 
methanolic solution of the preceding diol was exposed to air for several days. It crystallised 
from acetone in yellow needles, m. p. 236° (Found: C, 65-9; H, 3-7; N, 4-5. Calc. for 
C,,H,;,0;N: C, 66-0; H, 3-6; N, 4:5%). It was also prepared by heating 4-nitrophenylacetyl 
peroxide (1 g.), m. p. 90° (decomp.), with 2-hydroxy-1 : 4-naphthaquinone (0-5 g.) in acetic 
acid for 3 hr. 

Ethyl ««-Di-p-nitrobenzyl-y-phenylacetoacetate.—p-Nitrobenzyl chloride (17-2 g.) and ethyl 
sodio-y-phenylacetoacetate [formed by addition of the ester (20-6 g.) to an alcoholic solution 
(80 ml.) of sodium (2-3 g.)] were heated for 3 hr. and, on cooling, the ester (13 g.) crystallised. 
It recrystallised from benzene in prisms, m. p. 160° (Found: C, 65-5; H, 5-1; N, 58; OEt, 
9-6. C,,H,,0,N, requires C, 65:5; H, 5-1; N, 5-9; OEt, 9-5%). It gave a negative test 
with ferric chloride and was recovered unchanged after being heated with hydroxylamine or 
acetic-sulphuric acid—water. The mother-liquor from the main reaction yielded on con- 
centration and extraction with ether an oil which deposited 3 g. of ethyl «-p-nitrobenzyl-y- 
phenylacetoacetate. 

Ethyl a-p-Methoxybenzyl-y-phenylacetoacetate.—p-Methoxybenzyl chloride (10-5 g.) (Ofner, 
Helv. Chim. Acta, 1935, 18, 951) was added to ethyl sodio-y-phenylacetoacetate (11 g.) in 
benzene, and after 6 hours’ heating the solution was washed, dried, and distilled. The residual 
ester was fractionally distilled and the fraction (8 g.), b. p. 250—260°/3 mm., was redistilled 
at 258—260°/3 mm. It gave a reddish-violet colour with ferric chloride (Found: C, 73-8; 
H, 6-8; OMe, 9:6; OEt, 13-9. C, 9H,.O, requires C, 73-6; H, 6-8; OMe, 9-5; OEt, 13-8%). 

3-Benzyl-5-hydroxy-4-p-methoxybenzylisooxazole was prepared from this ester by hydroxyl- 
amine in hot alcohol (3 hr.); it crystallised from benzene—light petroleum in needles, m. p. 130°, 
which gave a yellowish-green colour with ferric chloride (Found: C, 73-4; H, 5-8; N, 4-4; 
OMe, 11-2. (C,,H,,0O,N requires C, 73-2; H, 5:8; N, 4:7; OMe, 10-5%). 

4-p-Methoxypheny]-1-phenylbutan-2-one was prepared by refluxing the ester (1 g.) with 25% 
aqueous potassium hydroxide (20 ml.) for 4 hr. It was recovered by extraction with ether as 
an oil which solidified at 25° and gave a semicarbazone which crystallised from benzene—light 
petroleum in needles, m. p. 160° (Found: C, 69-5; H, 6-8; N, 13-2. C,,H,,O,N; requires 
C, 69-4; H, 6-8; N, 13-5%). 

Action of sulphuric acid. A solution of ethyl «-p-methoxybenzyl-y-phenylacetoacetate 
(2 g.) in cold concentrated sulphuric acid (8 ml.) was kept at room temperature for 24 hr., and 
when poured on ice gave a clear solution. This was neutralised with barium carbonate, and 
after evaporation of the filtrate, a reddish-violet barium salt was obtained. It gave a faint 
reddish colour with ferric chloride and a positive test for sulphonic group. 

3: 4-Dibenzyl-5-hydroxvisooxazole-—This compound was prepared by heating an alcoholic 
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olution of ethyl «-benzyl-y- phenylacetoacet ate with hydroxylamine for 4 hr. It crystallised 
nzene-light petroleum in prisms, m. p. 102° (Found: C, 76-4; H, 5-6; N, 5:3. 
5 .N requires C, 77-0; H, 5-7; N, 53%). 
Vethoxy-2 : 3-benzofluorenone.—A solution of 1-methoxy-2: 3-benzofluorene (0-5 g.) in 
acetic acid (15 ml.) was treated with a solution of chromic oxide (0-5 g.) in 5 ml. of 
i 1d 1 ml. of water at room temperature for 3 hr., then diluted with water, and 
| with ether. The ethereal solution was shaken with sodium hydrogen carbonate. The 
ered from the solvent crystallised from dioxan in yellow plates, m. p. 334° (Found : 
( eas ,O, requires C, 83-1; H, 46%). 
|-x'-phenylacetylsuccinate.—This ester was prepared by heating ethyl sodio- 
(20 g.) and ethyl «-bromopropionate (15-9 g.) in absolute alcohol for 
was distilled at 3 mm. and the fraction (12 g.), b. p. 185—190°/3 mm., 
i88—190°/3 mm. It was a pale yellowish _ which gave a reidiah-violet 
(Found: C, 66-5; H, 7:1; OEt, 27-§ C,;H,.0; requires C, 66-6 
}~phenylvaleric Acid.—The foregoyng ester (3 g.) was hydrolysed by boiling 
ssium hydroxide (25 ml.) for 5 hr. The solution was acidified and extracted 
| the acid extracted with sodium hydrogen carbonate. On acidification of the 
nd extraction with ether, the acid was obtained as an oil which did not solidify 
on cooling [Found; Equiv. (by titration), 209-0. C,,H,,O, requires Equiv., 206-1]. Its 
semicarbazone crystallised from benzene—methanol in needles, m. p. 140° (Found: C, 59-6; 
N, 15-8. C,,H,,0,N, requires C, 59-3; H, 6-5; N, 16-0%). 
lroxynaphthyl) propionic 1- or 3-Lactone (IVa or b).—Ethbyl «-methyl-«’-phenyl- 
12 g.) was stirred into ice-cold concentrated sulphuric acid (30 ml.) and kept 
and at room temperature for 24 hr., then poured on ice. The sticky product 
was extracted with ether, and the oily residue (4-6 g.) recovered from the ethereal solution 
deposited glistening plates on cooling. After removal of the oily impurities by washing with 
benzene, the Jactone (1-6 g.) crystallised from ee in prisms, m. p. 203° (Found : 
I O, requires C, 72-9; H, 4:7%). It gave a red colour with sodium 
st with ferric Shae Its acetate crystallised from methanol in 
C, 70-4; H, 4:8. C,;H,,0, requires C, 70-3; H, 4:7%). 
4-naphthaquinon-4-yl) propionic Lactone (V).—The lactone (IVa or b) (0-5 g.) 
assium hydroxid e (15 ml.) was exposed to air for 3days. On acidification 
JUINONE, . 186°, was obtained. It crystallised from methanol 
m. p. 192 (ie ound : C, 68-2; H, 3:5. C,,H,O, requires C, 68-4; 


2 : 3-Dibromonaphthaquinone.—This quinone (Kohen and Schwarz, 
failed to condense with diethyl sodiomethylmalonate or diethy] 
»in alcohol, but in both cases 2-bromo-3-ethoxy- and 2-bromo-3-hydroxy- 
me were found alongside the reactants. 
t-(3-J 10-1 : 4-naphthaquinon-2-yl)-a-methylmalonate.—2 : 3-Dibromonaphthaquinone 
(2 g., 1 mol.) was added to diethyl sodiomethylmalonate (2 mols.) formed by the action of 
sodium (0-3 g.) on the ester (2:2 g.) in dry ether. The violet mixture was kept at room 
temperature for 24 hr. with frequent shaking, and was then mixed with water, and the two 
yers we The residue recovered from the ethereal solution yielded 1-5 g. of the 
shed with cold light petroleum. It crystallised from light ea (b. p. 60 
isms, m. p. 143° (Found: C, 53:2; H, 4:1; Br, 19-3. CygH1,0¢ Br requires 
Br, 196%). This ester dissolved completely when kept in 10% aqueous 
potassium hydroxide for 24 hr. The red solution gave on acidification a brownish solid, m. p. 
145—150° (decomp.), which decomposed during attempted purification. 
Tetracthyl 1: 4-Naphthaquinone-2 : 3-dimalonate-—This product was prepared in 40% yield 
. : 3-dibromonaphthaquinone (1 mol.) and diethyl sodiomalonate (2 mols.) in ether were 
for about 12 hr. and then refluxed for 2 hr. It crystallised a light gerne in 
‘prisms, m. p. 92° (Found: C, 60-5; H, 5-5. Calc. for C,,H,,0,,: C, 60-7; H, 5-5%) 
Ethyl «-(3-Bromo-1 : 4-naphthaquinon-2-yl)acetoacetate.—This ester was prepared in 70%, 
yield and crystallised — ts petroleum in yellow prisms, m. p. 97° (Found: C, 52:3; 
-~ 3-6; Br, 21-6; OEt, 12-5. C,gH,,0,;Br ree C, 52:6; H, 3- 5: Br, 21-9; OEt, 12-4%) 
3-Diethoxycarbonyl- Be methylbenz/ f jindene-4 : 9- quinone was isolated from the alkaline 
ction of the reaction and crystallised from ethanol in garnet-red needles, m. p. 155° (Found : 
° OEt, 26-5. Calc. for.C,.H,,0,: C, 67-8; H, 61; 2OEt, 25-49 


Ol 
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Ethyl a-Phenyl-a-phenylacetylsuccinate.—Ethyl a«-bromophenylacetate (19-4 g.) (Truit and 
Jeans, J. Amer. Chem. Soc., 1948, 70, 4214) was refluxed with ethyl sodio-y-phenylacetoacetate 
(18-2 g.) in absolute alcohol for 4 hr. After separation of sodium bromide and distillation of 
alcohol, the residue (26 g.) yielded 12-7 g. of the solid succinate on treatment with methanol. It 
crystallised from methanol in needles, m. p. 96° (Found: C, 72-1; H, 66; OEt, 24-4. 
C,,H,,0; requires C, 71-7; H, 6-6; 2OEt, 24-5%). 

y-Oxo-a8-diphenylvaleric acid was obtained by hydrolysis of this ester with alcoholic 
potassium hydroxide and crystallised from light petroleum in prismatic needles, m. p. 134 
(Found: C, 76:3; H, 6-0. Calc. for C,,H,,0,: C, 76:1; H, 60%). Its methyl! ester, 
prepared by diazomethane, crystallised from methanol in prisms, m. p. 68°, and its semi- 
carbazone, m. p. 178°, similarly (Found: C, 66-3; H, 5-8; N, 13-0. Calc. for C,,H,,O,N;: 
C, 66:4; H, 5-9; N, 12-9%). 

The Lactones (IX).—Ethyl a-phenyl-«’-phenylacetylsuccinate (3 g.) was stirred into 6 ml. 
of ice-cold concentrated sulphuric acid, and the solution was kept at 0° for 2 days, then poured 
on ice, and the sticky product was extracted with ether. The ethereal solution was shaken 
with hydrogen carbonate and 2% aqueous sodium hydroxide (excess). The neutral ethereal 
solution yielded 1-4 g. of a viscous oil which on treatment with cold methanol deposited a 
lactone that crystallised from methanol in prisms, m. p. 180° (red colour with Legal reagent) 
(Found: C, 74-9; H, 5-6; OEt, 13-3%; M/ (Rast), 370. Cy9H,,0, requires C, 74-5; H, 5-6; 
OEt, 14:0%; M, 322- 

In another similar experiment, the sulphuric acid solution of the ester was kept at room 
temperature for 2 days and then worked up as before. The neutral ethereal solution yielded 
1-4 g. of a viscous oil from which a lactone was obtained on treatment with cold methanol. 
This crystallised from methanol in yellowish rhombic crystals, m. p. 75°, which gave a positive 
Legal test [Found: C, 74-7; H, 5-6; OEt, 13-7%; M(Rast), 317]. The sodium hydrogen 
carbonate and sodium hydroxide extracts of the two experiments gave traces of acidic substances 
on acidification. 
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Sesquilerpenoids. Part V.* The Stereochemistry of the Tricyclic 
Derivatives of Caryophyllene. 
By A. Aresr, D. H. R. Barton, A. W. BurGsTAHLER, and A. S. LINDSEY. 
[Reprint Order No. 5580.] 

The degradation of 4:4: 8-trimethyléricyclo[6 : 3:1: 04*5]dodecane- 
28: 94-diol (clovane-28 : 9«-diol), the acid-catalysed hydration product of 
caryophyllene oxide, has been continued in a stepwise manner to afford p- 
cymene as final product. By oxidative fission of the five-membered ring of 
the glycol and removal of the 9«-hydroxyl group, clovenic acid has been 
obtained, thus providing final confirmation of the constitution already 
proposed for clovene. 

The stereochemistry of the caryolane and of the clovane series of tricyclic 
caryophyllene derivatives has been rationalised in terms of a difference in 
stereochemistry of the bridging methylene group. Conformational arguments 
provide support for this hypothesis. 

A preliminary communication summarising the more important of our 
conclusions has already appeared (Aebi, Barton, and Lindsey, Chem. and Ind., 
1953, 748). 


In Part III of this series (Aebi, Barton, and Lindsey, J., 1953, 3124) we described the con- 
version of caryophyllene (I), via caryophyllene oxide (II), into the tricyclic glycol (III). The 
systematic name for this glycol is cumbersome (see Summary); to effect a simplification 
we propose that it should be regarded as a dihydroxy-derivative of the saturated hydro- 
carbon clovane, a trivial name already in current use (see Lutz and Reid, Chem. and 


* Part IV, J., 1954, 3492. 


Aebi, Barton, Burgstahler, and Lindsey : 
Ind., 1953, 749). We commence the present paper by the description of a stepwise 


degradation of this glycol. 
As reported previously (Aebi, Barton, and Lindsey, Joc. cit.), the glycol (III) is 
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oxidised by chromic acid in two stages: to the ketol (IV) and then to the dione (V). 
Further oxidation of the dione has now been demonstrated to afford the keto-dicarboxylic 
acid (VI). The latter showed (in Nujol) bands at 1688 (carboxyl) and at 1728 cm.” (five- 
ring ketone) in agreement with the assigned structure. It was oxidised by selenium 
dioxide to the diketo-dicarboxylic acid (VII), which on fission with alkaline hydrogen 
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peroxide furnished the tetracarboxylic acid (VIII; R=H). Although the latter was 
amorphous, it could be characterised as the crystalline tetramethyl ester (VIII; R = Me). 
On pyrolysis at 260—270° the tetracarboxylic acid (VIII; R = H) was smoothly converted 
into a keto-dicarboxylic acid (IX; R =H), characterised as the dimethyl ester (IX; 
R = Me) and as the dimethyl ester 2 : 4-dinitrophenylhydrazone, The infra-red spectrum 
of (IX; R =H) (in Nujol) disclosed bands at 1730 (five-ring ketone) and at 1702 cm.-4 
(carboxyl). The constitution (IX; R = H) is assigned, rather than the alternative (X), 
on the following basis. All compounds with two carboxyl groups derived from the 
original five-membered ring of (III) decompose on melting to afford the corresponding 
anhydrides. A careful comparison of the melting of (IX; R =H) relative to that of 
clovenic acid (see below) showed that there was no decomposition or anhydride formation 
at the m. p. This is nicely explained by the structure (IX; R =H) where the two 
carboxyls are necessarily tvans in a six-membered ring and thus could not afford a mono- 
meric anhydride. It would not be explained by the alternative formula (X). Oxidation 
of (IX; R= Me) with selenium dioxide afforded a non-crystalline diketo-ester (XI). 
On fission with alkaline hydrogen peroxide and hydrolysis this gave a crude product 
(XII; or equivalent structure), Dehydrogenation of this with palladised charcoal 
furnished p-cymene, identified by its ultra-violet and infra-red spectra and by oxidation 
to terephthalic acid. This degradational sequence provides an independent confirmation 
of the correctness of structure (III). 

The glycol (III) is closely related in constitution to the structure (XIII) proposed 
(Barton, Bruun, and Lindsey, Chem. and Ind., 1951, 901; J., 1952, 2210; Eschenmoser 
and Giinthard, Helv. Chim. Acta, 1951, 34, 2338) for clovene. A confirmation of this 
relationship has now been secured.* The ketol (IV) was smoothly converted into the 
the hydroxymethylene derivative (XIV) which on fission with alkaline hydrogen peroxide 
afforded the hydroxy-acid (XV). The latter was also available from the oxidation of 
the acetate of (IV) with selenium dioxide to give (XVI), which was split by alkaline 
hydrogen peroxide with concomitant hydrolysis. Chromic acid oxidation of (XV) gave 
the keto-acid (XVII) which afforded clovenic acid (XVIII) on Wolff-Kishner reduction. 

A discussion of the stereochemistry of the tricyclic derivatives of caryophyllene 
commences logically with the stereochemistry (XIX; R =H) of caryolan-l-ol (“ 6- 
caryophyllene alcohol ’’t) elucidated by Robertson and Todd (Chem. and Ind., 1953, 437). 
In all discussions of stereochemistry we may take the hydrogen atom at position 1 of 
caryophyllene [see (I)} as reference centre, since this is unchanged in all transformations. 
Substituents or bonds on the same side of the plane of the main ring as this hydrogen 
may be called £- (thickened bonds), those on the opposite side «- (broken bonds). It is 
now recognised that acid-catalysed dehydration of caryolan-l-ol does not afford clovene 
(Lutz and Reid, Chem. and Ind., 1953, 437; J., 1954, 2265) as would be expected if the 
methylene bridge had the same configuration in both compounds. Similarly we have 
shown that the glycol (XIX; R = OH) (Barton, Bruun, and Lindsey, Joc. cit.) cannot 
be an intermediate in the formation of (III). The obvious rationalisation of these facts 
is that caryolan-l-ol and clovane belong to different stereochemical families as already 
indicated in formulae (XIX; R =H) and (XIII). Supporting evidence is available in 
terms of conformational analysis. 

If the methylene bridge in the glycol (III) is «, it must have been derived by the 
opening (with inversion) of a $-oxide (II). The stereochemistry of the 9-hydroxyl group 
is thus defined (note apparent inversion due to the tvans-endocyclic double bond in 
caryophyllene) as «. Whilst ring B in (III) is possibly a boat form, ring c is free to take 
up the preferred chair conformation. The 9«-hydroxyl group must therefore be axial and 
the epimeric $-hydroxyl group, derived from isocaryophyllene oxide (see Aebi, Barton, 

* Lutz and Reid (Chem. and Ind., 1953, 749; J., 1954, 2265) have also provided a link between 
clovene and the glycol (III). We thank Dr. Evans B. Reid cordially for his kindness in sending us a 
copy of his paper before its publication. 

{+ We propose that the saturated tricyclic hydrocarbon on which “ f-caryophyllene alcohol’’ is 
based should be called caryolane, a name kindly suggested to us by Dr. Alex Nickon of these laboratories. 


This avoids the confusion of «, B stereochemical nomenclature (see below) with trivial naming and circum- 
vents cumbersome systematic nomenclature. 
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and Lindsey, Joc. cit.) must be equatorial. In agreement (see Barton, Experientia, 1950, 
6, 316) 9«-hydroxy-compounds are oxidised more rapidiy by chromic acid than are the 
98-analogues (see Experimental section). Furthermore, the alcohol (IV) shows a C-OH 
stretching frequency at 1031 cm.7}, whilst the 9-epimer of (IV) has the corresponding 
band at 1053 cm... The difference is indicative that (IV) has an axial, and its epimer 
an equatorial hydroxyl group (see, for summary, Barton, J., 1953, 1027). 

‘The glycol (XIX; R = OH), which is isolated as a by-product in the preparation of 
caryophyllene oxide, has a $-methylene bridge. In order to ensure ¢rvans-electrophilic 
addition, it must be produced by «-attack by OH* on the endocyclic ethylenic linkage. 
The configuration of the secondary hydroxyl group must therefore be $ (note, again, 
apparent inversion). Now Robertson and Todd (loc. cit.) have shown from their 
important X-ray studies that ring c of (XX) adopts the expected chair conformation. 
The 6-configuration of the secondary hydroxyl must therefore be axial in character [see 
(XX)]. This has been confirmed experimentally. Oxidation of (XIX; R = OH) afforded 
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the corresponding ketone [see (XXI)] (Barton, Bruun, and Lindsey, Joc. cit.), which on 
reduction with sodium and propan-l-ol furnished the expected epimeric equatorial alcohol 
(XXII). In the infra-red, the diol (XX) showed C—OH stretching bonds at 1094 and at 
1050 cm.~', whilst the isomer (XXII) had the corresponding bands at 1094 (unchanged) 
and at 1058 cm.1. The difference for the stretching frequencies of the secondary alcohols 
again demonstrates (see above) that (XX) has the axial and (X XII) the equatorial hydroxyl 
group. 

A conformational study of the caryophyllene molecule shows that, because it is trans 
within a C, ring, the endecyclic ethylenic linkage must lie with its plane perpendicular 
to that of the four-membered ring. If the 4-methyl group projects downwards (relative 
to the upward {-hydrogen atom at position 1), then only @-attack is possible, which will 
lead (see (XXIIT)} to clovane-type cyclisation, whilst if it projects upwards only «-attack 
is possible leading [see (XXIV)] to caryolane-type cyclisation. In conclusion we note that 
the £-configuration of the secondary 2-hydroxyl group in (III) necessarily follows from 
the well-appreciated requirements of Walden inversion at this carbon atom in the ring 
expansion, 


EXPERIMENTAL 


For general experimental directions see J., 1952, 2339. Infra-red spectra, in CS, solution, 
were kindly determined by Messrs. Glaxo Laboratories Ltd., except where noted otherwise. 
fied to the contrary [a]) are in CHCl,; ultra-violet absorption spectra were 
determined in e 
Chromic Acid Oxidation of Clovane-2 : 9-dione (V).—The diketone (1-0 g.) in glacial acetic 
acid (60 ml.) was treated with chromium trioxide (3-0 g.), dissolved in the minimum of water, 
at room temperature for 72 hr. Crystallisation of the product from water gave the keto- 
dicavboxylic acid (VI) as colourless needles (550 mg.). Recrystallised from light petroleum 
(b. p. 100—120°) containing a trace of methanol, this had m. p. 230—231°, [a]p +7° (c, 1-50 
in EtOH) (Found: C, 63-9; H, 8-2%; equiv., 142. C,,H,,O, requires C, 63-85; H, 7-:9%; 
equiv., 141). The dicarboxylic acid was more conveniently prepared by applying the same 
oxidation technique to clovane-2§8 : 9«-diol (III). For large-scale preparations cooling is 
necessary during the addition of the chromium trioxide. 
Selenium Dioxide Oxidation of the Keto-dicarboxylic Acid (IV).—The acid (see above) 
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(500 mg.) was refluxed with selenium dioxide (250 mg.) in ‘‘ AnalaR”’ acetic acid (25 ml.) for 
4 hr. Crystallisation of the product from water gave the diketo-dicarboxylic acid (VII) 
(400 mg.). Recrystallised from light petroleum (b. p. 100—120°) containing a trace of 
methanol this (long slender needles) had m. p. 207°, [«]) —37° (c, 1:02 in EtOH) (Found: C, 
60-9; H, 70%; equiv., 148. C,,;H,,O, requires C, 60-8; H, 68%; equiv., 148). 

Fission of the Diketo-dicarboxylic Acid (VI11) with Alkaline Hydrogen Peroxide.—The diketo- 
dicarboxylic acid (see above) (2:5 g.) in aqueous sodium hydroxide (10%; 30 ml.) was treated 
at room temperature with hydrogen peroxide (30%; 25 ml.). After 48 hr. at the same 
temperature the product was recovered by acidification with concentrated hydrochloric acid, 
saturation with solid ammonium sulphate, and thorough extraction with ether. Crystallisation 
of the product from benzene containing a little methanol gave the tetracarboxylic acid (VIII; 
R = H) as a white amorphous powder, m. p. ca. 154° (decomp.), [«]p) —16° (c, 1:16 in EtOH), 
for which satisfactory analytical data could not be obtained. Treatment of the tetracarboxy lic 
acid (500 mg.) with excess of ethereal diazomethane, chromotography of the oily product over 
alumina, and elution with light petroleum (b. p. 40—60°) (14 fractions) gave the crystalline 
tetramethyl estey (VIII; R = Me) (300 mg.). Recrystallised from light petroleum (b. p. 40— 
60°) this formed prisms, m. p. 61—62°, [a]) —32° (c, 1-48) (Found: C, 59-5; H, 7-8. 
C,,H,,0, requires C,; 59-1; H, 7-8%). 

Preparation of the Keto-dicarboxylic Acid (TX).—The tetracarboxylic acid (VIII; R = H) 
(see above) (1-30 g.) in a small Pyrex tube was heated gently over a free flame until water 
evolution ceased. The tube was then sealed off and heated by total immersion in a Wood’s 
metal bath at 260° for 6 hr. The product in ethanol (50 ml.) and potassium hydroxide (3-0 g.) 
was heated under reflux for 1 hr., the ethanol removed in vacuo, and the residue acidified with 
concentrated hydrochloric acid and extracted with ether. The resulting yellow oil readily 
crystallised on addition of benzene. It was purified by chromatography (in benzene solution) 
over silica gel (32 fractions), being eluted with benzene containing 20% of ether. Recrystal- 
lisation from ethyl acetate—benzene gave the pure keto-dicarboxylic acid (IX; R = H) (800 mg.) 
as prisms, m. p. 110—115° and then 173—174° (after drying at 80° in vacuo, only the m. p. 
at 173—174° was observed), [«]) +81° (c, 1:19 in EtOH) (Found: C, 62-2; H, %; equiv., 
135. C,,H»O; requires C, 62-7; H, 7-5%; equiv., 134). Treatment with ethisrent diazo- 
methane in the usual way gave the a Limethyl estey (IX; R= Me), m. p. [prisms from light 
petroleum (b. p. 40—-60°)] 88—89°, [x], +56° (c, 4:50) (Found: C, 65-3, 65-15; H, 8-35, 7-9. 
C,,H,,0; requires C, 64:85; H, 8-15%). The dimethyl ester 2: 4-dinitrophenylhydrazone, 
prepared and purified in the usual way, had m. p. (from benzene—methanol) 168—169° 
(Found: C, 55-15; H, 5-9; N, 12:2. C,,H,,0,N, requires C, 55-45; H, 5-9; N, 11-75%). 

The keto-dicarboxylic acid (IX; R =H) (50 mg.) was heated at 195—200° for 1} hr. 
Crystallisation of the product from dry ethyl acetate—benzene gave back starting material 
(45 mg.), identified by m. p. and mixed m. p. Clovenic acid, heated under the same conditions, 
lost water as soon as it melted and gave [from light petroleum (b. p. 40—60°)] the anhydride. 
The anhydride is obtained with equal ease if the melt is cooled after 1 min. 

Dehydrogenation to p-Cymene.—The dimethyl ester (IX; R = Me) (see above) (2-1 g.) in 
‘AnalaR ”’ acetic acid (25 ml.) was refluxed with selenium dioxide (1-0 g.) for 1 hr. The 
product (XI) (2-05 g.), a yellow viscous oil which did not crystallise, in ethanol (15 ml.) and 
ethanolic potassium hydroxide (10%; 20 ml.) was treated with hydrogen peroxide (30% 
2 ml.). After 40 min. at room temperature, water (10 ml.) was added and the neutral 
fraction removed by ether-extraction. Solid potassium hydroxide (6-0 g.) was then added 
and the solution refluxed on the steam-bath for 24 hr. Acidification with 50% sulphuric 
acid and ether-extraction gave a yellow viscous oil (1-70 g.) which partly crystallised. This 
crude hydrolysis product (600 mg.) together with palladised charcoal (Linstead and Thomas, 
J., 1940, 1128) (150 mg.) was heated in a Carius tube at 300° for 20 hr. The oily product was 
extracted with light petroleum (b. p. 40—60°) and filtered (205 mg.). A portion of the resulting 
oil (100 mg.), which smelt strongly of p-cymene, was dissolved in light petroleum (b. p. 40—60°) 
and eae ae over alumina to give pure p-cymene (20 mg.), identified by b. p., ultra- 
violet absorption spectrum, identical with that of p-cymene (Amax, 212, 259, 265, 273 my, 
< 8300, 330 460, and 520 respectively), infra-red absorption spectrum, identical with that of 
p-cymene [bands (kindly determined by Mr. J. L. Hales, C.R.L., Teddington) as follows : 
2915 s, 2857s (hump), 1887 w, 1639 w, 1605 w, 1511 s, 1456s, 1414 m, 1877 m, 1359 m, 1337 m, 
1302 m, 1277 w, 1206 w, 1183 w, 1142 w, 1107 m, 1078 w, 1054 s, 1043 m (hump), 1020 m, 
812s, 720 m], and by oxidation by heating on the steam-bath for 2 hr. with concentrated nitric 
acid to give terephthalic acid (m. p. and mixed m. p.). 


, 
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Preparation of the 9u-Hydroxyclovenic Acid (XV).—(a) 2-Oxoclovan-9a-ol (Aebi, Barton, 
and Lindsey, Joc. cit.) (4:3 g.) in tsoamyl formate (10 ml.) and dry ether (40 ml.) was added 
slowly to finely divided sodium (2-0 g.) in absolute ethanoi (8 ml.). After refluxing for 30 min. 
and standing overnight, the excess of sodium was destroyed by the addition of methanol. 
Acidification of the acid fraction of the product gave the hydroxymethylene compound (XIV) 
as on orange oil (4-4 g.) giving a purple ferric chloride reaction. The oil in ethanol (20 ml.) 
and aqueous sodium hydroxide (10%; 20 ml.) was treated with hydrogen peroxide (30% ; 
25 ml.). After 15 min. a further addition of sodium hydroxide solution (10 ml.) and of hydrogen 
peroxide (10 ml.) was made and the solution refluxed for 15 min. on the steam-bath. Crystal- 
lisation of the acidic product from ether—benzene and then from chloroform—methanol gave 
9a-hydroxyclovenic acid (XV) (2-6 g.) as needles, m. p. 174—176° (decomp.). [a]p +2° (c, 
2-21 in EtOH) (Found: C, 63-3; H, 8-35%; equiv., 139. C,;H,,O,; requires C, 63-35; H, 
8-5%; equiv., 142). 

(b) 2-Oxoclovan-9«-yl acetate (Aebi, Barton, and Lindsey, Joc. cit.) (1:5 g.) in “‘ AnalaR ”’ 
acetic acid (15 ml.) was refluxed with selenium dioxide (1-5 g.) for 1 hr. Crystallisation of the 
product from benzene-light petroleum (b. p. 40—60°) gave the 2 : 3-dioxoclovan-9a-yl acetate 
(XVI) (1-0 g.), m. p. 1384—136°, [a]p) —6° (c, 0-58). This compound (1:0 g.) in methanol 
(20 mi.) and methanolic potassium hydroxide (10%; 20 ml.) at 0° was treated with hydrogen 
peroxide (30%; 8 ml.) and left at 0° for 20 hr. The product was refluxed with 2N-aqueous 
potassium hydroxide for 30 min. and then crystallised from chloroform—methanol, to give the 
required 9x-hydroxyclovenic acid (800 mg.), undepressed in m. p. on admixture with material 
prepared by route (a). 

Preparation of 9-Oxoclovenic Acid (XVII).—9a-Hydroxyclovenic acid (see above) (180 mg.) 
in ‘‘ AnalaR ”’ acetic acid (10 ml.) was treated with chromium trioxide (50 mg.) in the minimum 
of water for 5 hr. at room temperature. Crystallisation from ether-—light petroleum (b. p. 
40—60°) gave the 9-ovoclovenic acid (XVII) (180 mg.), m. p. 180° (decomp.), [x], + 21° (c, 1-06 
in EtOH) (Found: C, 63-4; H, 7-65. C,;H,.O, requires C, 63-8; H, 7-85%). There was a 
marked depression in m. p. on admixture with starting material. 

9-Oxoclovenic acid (100 mg.) in saturated sodium ethoxide solution (3 ml.) and hydrazine 
(100%; 1-5 ml.) was heated at 180° overnight. Crystallisation of the product from ether- 
light petroleum (b. p. 40—60°) gave clovenic acid (80 mg.), m. p. and mixed m. p. 195—196° 
(decomp.), [a]) +36° (c, 0-42 in EtOH). 

Rates of Chromic Acid Oxidation.—All oxidations were effected in an ice-bath at the same 
time. The epimeric clovane-28 : 9-diols (Aebi, Barton, and Lindsey, Joc. cit.) (45 mg.) in 
aqueous acetic acid (24 ml.; 80% v/v) were mixed with a stock solution (6 ml.) of chromic 
acid. The latter was prepared by dissolving chromium trioxide (150 mg.) in aqueous acetic 
acid (30 ml.; 80% v/v). Aliquot parts were titrated in the usual way with 0-01N-sodium 
thiosulphate. The results in the Table are illustrative. 

The epimeric 2-oxoclovan-9-ols (Aebi, Barton, and Lindsey, Joc. cit.) (10 ml.) in aqueous 
acetic acid (13 ml.; 80% v/v) were mixed with a stock solution (2 ml.) of chromic acid. The 
latter was prepared by dissolving chromium trioxide (16 mg.) in aqueous acetic acid (8 ml.; 
80 v/v). Aliquot parts were titrated with 0-001N-sodium thiosulphate. The results in the Table 
are illustrative. 


Oxidation (% for oxidation to dione). 


Time (min.) 5 40 71 106 
Clovane-28 : 9a-diol ..........0000. 2 y 5 52 60 


Clovane-28 : 98-diol 


Time (min.) 
2-Oxoclovan-9a-ol 5 2 39 
2-Oxoclovan-9f-ol .....,.....22c0e08 27 


Caryolane-1 : 9x-diol.—9-Oxocaryolan-1l-ol (Barton, Bruun, and Lindsey, Joc. cit.) (260 mg.) 
in propan-l-ol (5 ml.) was treated with sodium under reflux until saturated with the propoxide 
(1} hr.). Crystallisation from chloroform-light petroleum gave caryolane-1 : 9«-diol, m. p. 
162—163°, [a]p —5° (c, 2:39) (Found: C, 75-7; H, 10-75. C15H»,0, requires C, 75:55; H, 
11-0%). 

Attempied Rearrangement of Caryolane-1 : 98-diol.—Caryolane-1 : 98-diol (500 mg.) in acetone 
(4 ml), water (0-5 ml.), and aqueous sulphuric acid (50% v/v; 0-2 ml.) was heated under 
reflux for 3 hr. Starting material was recovered almost quantitatively. The experiment 
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was repeated, more sulphuric acid being added until starting material was no longer recovered. 
The product was then an intractable gum from which clovane-28 : 9«-diol could not be 
recovered. i 
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Sesquiterpenoids. Part VI.* The Absolute Configuration of 
Caryophyllene. 


By D. H. R. BARTON AND A. NICKON. 
[Reprint Order No. 5691.] 


By a consideration of the molecular rotations of tricyclic derivatives of 
caryophyllene of established stereochemistry, the absolute configuration of 
the hydrocarbon has been deduced. 


DETERMINATION of the absolute configuration of a molecule requires either direct or 
indirect correlation with D-glyceraldehyde. Direct correlation is always desirable, but 
in complex alicyclic systems it is not in every case easily attainable. Amongst indirect 
methods of correlation should be mentioned the use of asymmetric synthesis (Prelog, 
Helv. Chim, Acta, 1953, 36, 308; Prelog and Meier, ibid., p. 320; Dauben, Dickel, Jeger, 
and Prelog, ibid., p. 325; and subsequent papers) and the application of molecular- 
rotation considerations. Using the latter method Klyne (/., 1952, 2916) was able to 
correlate correctly the triterpenoids with the steroids, and Mills (J., 1952, 4976) the 
steroids with p-glyceraldehyde (Cornforth, Youhotsky, and Popjak, Nature, 1954, 178, 
536; Riniker, Arigoni, and Jeger, Helv. Chim. Acta, 1954, 37, 546). 

Klyne and Stokes (J., 1954, 1979; see also Stokes and Bergmann, J. Org. Chem., 1952, 
17, 1194; Mills, Chem. and Ind., 1953, 212) recently proposed a useful molecular-rotation 
rule for the correlation of appropriately substituted cyclohexanols or cyclopentanols with 
D-glyceraldehyde. Thus cyclic secondary alcohols of the absolute stereochemistry 
depicted in (A) or (B) (R and R’ = alkyl or part of a further ring) usually afford positive 
molecular-rotation increments on acylation. The molecular-rotation contribution of the 


HO oH HOH 
t lv 


| / R. 
5 R/| ) aR/L_| 
(B) 


(A) B (C) 
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secondary hydroxyl group with respect to the parent saturated structure (C) is also, in 
general, positive. Conversely parallel negative molecular-rotation changes are observed 
for the epimeric alcohol. The present paper is concerned with the application of this rule 
to the elucidation of the absolute configuration of caryophyllene. 

In previous parts of this series (Barton and Lindsey, /J., 1951, 2988; Barton, Bruun, 
and Lindsey, zbid., 1952, 2210; Aebi, Barton, and Lindsey, zbid., 1953, 3124) the preparation 
of a number of tricyclic derivatives of caryophyllene has been described. The relative con- 
figurations of these compounds have also been established (Aebi, Barton, Burgstahler, and 
Lindsey, preceding paper). In particular three different tricyclic ring systems have been 


* Part V, preceding paper. 
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studied, that of clovane (I; RK = R’ = H), that of caryolane (Vi; R = R’ = H), and that re- 
presented by the hydroxy-ketone (VIII). In the Table we have correlated a considerable 
number of derivatives of these three ring systems according to the method of Klyne and 
Stokes (loc. cit.). If the absolute configurations of these substances are taken as given in 
the formulz and in previous parts of this series (Aebi, Barton, and Lindsey, loc. cit.; Aebi, 
Barton, Burgstahler, and Lindsey, Joc. ci#.) then there is an excellent agreement between 
the signs of the predicted and the observed molecular-rotation contributions. Of the 
28 correlations summarised in the Table, 25 are in agreement with one another and with the 
preposed absolute configuration (LX) of caryophyllene. We discuss, first, the method of 
correlation used in the Table and then the data that are not in agreement. 

The molecular-rotation data in the Table are presented either as the [/]p contributions 
of the hydroxyl, acetoxyl, etc., group to the molecular rotation, with the use of the parent 
unsubstituted compound as reference standard, or as molecular-rotation increments based 
on the hydroxy-derivative as reference standard. Both procedures are equally applicable 
(see Klyne and Stokes, loc. cit.). The procedure adopted is indicated in the Table. 

The validity of molecular-rotation correlations depends on the absence, or control, of 
“ vicinal action’ (see Barton and Cox, /., 1948, 783). Vicinal action is, in general, more 
serious the more unsaturated are the substances under consideration. Two of the 


Ht | ye 
He’ ‘SS 
R 11 id 


(VII) 


anomalous figures are provided by the benzoate and the 3: 5-dinitrobenzoate of clovane- 
26 : 9a-diol 2-benzoate (I; R = OBz; R’ = OH). These are the two compounds in the 
Table where vicinal action might be most expected (Barton and Cox, loc. cit.) to invalidate 
the results. The results do not, therefore, constitute a serious criticism of the proposed 
absolute configuration. The third anomalous value is provided by the acetate of (VIII) ; 
the numerical value of the discrepancy is, however, small. Molecular-rotation correlations 
are most reliably applied when an adequate number of compounds is examined. We regard 
the number of examples cited in the Table as adequate for our purpose (cf. Klyne and 
Stokes, loc. cit.). 

rhe constitution and stereochemistry * of most of the tabulated parent compounds, 
from which derivatives are obtained, have been established in earlier papers of this series. 
The preparation of 2-hydroxyclovan-9-one (IV) requires mention. Clovane-28 : 9a-diol 
was monobenzoylated; oxidation of the product and hydrolysis gave a keto-alcohol shown 
to be (LV) by its non-identity with (II) (Aebi, Barton, and Lindsey, Joc. cit.) and by its 
infra-red spectrum (max. at 1704 cm."1, indicative of a cyclohexanone). 

In order to prepare clovan-22-ol, the epimeric clovan-26-ol, obtained from 2$-hydroxy- 
clovan-9-one (see above) by Wolff—Kishner reduction, was oxidised to clovan-2-one. This 
ketone was not obtained crystalline, but on perchloric acid-catalysed hydrogenation it 
afforded the desired clovan-2«-ol. That a rearrangement was not involved in the hydrogen- 


* The configuration of the secondary hydroxyl group in (VIII) is determined by the mechanism of 
gene Barton and Lindsey, loc. cit.) and by the established configuration (Aebi, Barton, Burgstahler 
and Lindsey, loc. cit.) of caryophyllene oxide. This corrects an earlier (tentative) assignment of con- 
figuration (Barton, Bruun, and Lindsey, Joc. cit.) based on the existence of only one (strained) chair 
conformation for the six-membered ring. In fact two such conformations are possible and the earlier 
(and more speculative) argument can also be reconciled with the correct configuration without difficulty 
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ation was confirmed by re-oxidation of the clovan-2«-ol to clovan-2-one, identified as its 
2:4-dinitrophenylhydrazone. It is of interest that neither clovan-2«- nor -23-ol is 
identical with ‘‘ «-caryophyllene alcohol,” as would have been expected on the basis of the 
known properties of this compound (Bell and Henderson, /., 1930, 1971; see Barton, 
Bruun, and Lindsey, J., 1952, 2210). 

The following two cases, not conveniently included in the Table, are also in agreement 


with our proposed absolute configurations. 


Parent 
compound 
Clovane (I; lI 
R’ = H) 
Clovane (I; R 
H) 
Clovane (I; R 
R’ = H) 
Clovane-28 : 9a- 
diol (I; R= 
OH) 
Clovan-28-ol (I; 
R = OH, R’ = H) 


9a-Hydroxyclovan- 
2-one (II) 

98-Hydroxyclovan- 
2-one (III) 

28-Hydroxyclovan- 
9-one (IV) 

Clovenic acid (V; 
R H) 


Clovenic anhydride 


Caryolane-l : 9B- 
diol (VI; R= 
R’ = OH) 

1-Chlorocaryolane 
(Vis = CER 

- H) 

Caryolane-1 : 9a- 
diol (VII; R= 
R’ = OH) 

Anomalous 

Clovane-2£ : 9a-diol 
2-benzoate (I; 
R = OBz, R’ = 
OH) 

Hydroxy-ketone 
(VIII) 


1 


, Lutz and Reid, Chem. and Ind., 1953, 278; 
8, Aebi, Barton, and Lindsey, /., 1953, 3124. 
Barton, Burgstahler, and Lindsey, /., 1954, preceding paper. 
Acta, 1931, 14, 570. 
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3: 5-Di- 
nitro- 
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Benzoyl- oxy or 
oxyl oxy 3: 5-di- 
Hydr- or or nitro- dicted 
oxyl acetate benzoate benzoate sign 
+61 — +141° +183° “+ 


Hydroxy- Acet- 
derivative 
(or equiv. 
process) 
Clovan-2f-ol (I; 
R = OH, R’ = H) 
Clovan-2-ol 


Pre- 


-43 > 4 

Clovan-9a-ol (I; —39* 
R =H, R’ = OH) 

(Acylation at Cy)) 


Clovane-28 : 9a- 
diol (I; R 
= OH) 

(Acylation at C,()) 


a/R’ 
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6a-Hydroxyclov- 
enic acid (V; R 
= OH) 

6a-Hydroxyclov- 
enic acid an- 
hydride 

(Acylation at Cig) 


1-Chlorocaryolan- 
9p-ol (VI; R 
Cl, R’ = OH) 

(Acylation at Ci)) 


(Acylation at C,y)) 


(Acylation) 1 26 99 


* Not obtained crystalline. 


J., 1954, 2265. 2, 


7, Barton and Lindsey, /., 1951, 2988. 


4, Barton, Bruun, and Lindsey, /., 195 
6, Ruzicka and Gibson, Helv. 


Although the parent compound (clovan-2-one) 
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Derivs. 


Experimental, this paper. 
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5, Aebi, 
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corresponding to the two epimeric hydroxy-ketones (II) and (III) was not obtained 
crystalline (see above), the difference in molecular rotation between (III) and (II) is 


positive (-++-47°) as predicted. 


The molecular rotation (—174°) of clovane-28 : 9«-diol 


diacetate (I; R = R’ = OAc) less that (+-27°) for clovane-28 : 9«-diol 2-benzoate 9-acetate 


(E> aR: 3 


OBz, R’ 


= OAc) is negative (—201°), as expected. 
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EXPERIMENTAL 

For general experimental directions see J., 1952, 2339. Infra-red spectra, in CS, solution, 
were kindly determined by Messrs. Glaxo Laboratories Ltd. [«],’s are in CHCl,. Spence’s 
Grade H alumina was used for chromatography. 

General Procedures.—Acetates were prepared in the following way. The alcohol (200 mg.) 
in acetic anhydride (2 ml.) and pyridine (3 ml.) was left overnight at room temperature. 
Ethanol (3 ml.) was added and, after 15 min., the solution was concentrated in vacuo to 1—2 ml. 
Extraction with ether, washing successively with aqueous hydrochloric acid (5%), dilute 
sodium carbonate solution, and water, and removal of the ether (after drying; Na,SQ,) gave the 
required derivative. 

For the preparation of benzoates, the alcohol (200 mg.) in pyridine (3 ml.) was treated with 
benzoyl chlorice (300 mg.) and left overnight at room temperature. After the addition of 
water (slight excess), the solution was poured into sodium hydrogen carbonate solution (5%). 
Extraction with ether and processing as above gave the required derivative. 

For the preparation of 3: 5-dinitrobenzoates, the alcohol (200 mg.) in pyridine (5 ml.) was 
treated with 3 : 5-dinitrobenzoyl chloride (600 mg.) and the solution heated on the steam-bath 
forlfhr. After concentration in vacuo the solution was poured into sodium hydrogen carbonate 
solution (5%) and left for 15 min. Extraction with ether and processing as above gave the 
required 3: 5-dinitrobenzoates. For purification all the 3: 5-dinitrobenzoates were filtered in 
benzene solution through alumina (10 g.). 

Clovane-28 : 9x-diol and its Derivatives.—The diol was prepared from caryophyllene oxide as 
described by Aebi, Barton, and Lindsey (J., 1953, 3124). The 28-benzoate (prepared by use of 
only 1-1 mols. of benzoyl chloride) had m. p. 132—133° [needles from light petroleum (b. p. 60 
80°)], [a], +46° (c, 1-26) (Found: C, 77:15; H, 8-95. C,.H3,O, requires C, 77:15; H, 8-85%). 
[The 28: 9x-dibenzoate (needles from methanol) had m. p. 128-5—129°, [a]) -+67° (c, 1-32) 

Found: C, 78-05; H, 7-6. C,gH3,O, requires C, 78-0; H, 7:65%). The 9x-acetate-28-benzoate 
had m. p. 84—85° (from methanol at low temperature), [«]) +7° (c, 1:07) (Found: C, 75-1; H, 
8-45. C,,H;,O0, requires C, 74:95; H, 8-4%). The 28-benzoate-9x-(3 : 5-dinitrobenzoate), needles 
from chloroform—light petroleum (b. p. 40—60°)], had m. p. 178—179°, [a], +74° (c, 1:10) 


(Found: C, 65:0; H, 5-95; N, 5-2. C,g,H3;,0,N, requires C, 64-9; H, 6-0; N, 5-2%). The 
28-(3 : 5-dinitrobenzoate), prepared according to Lutzand Reid (J., 1954, 2265) had m. p. 209— 
211° [from chloroform-—light petroleum (b. p. 60—80°)], [a], +44° (c, 1-16). 
28-Hydroxyclovan-9-one.—The 28-monobenzoate (see above) (2°8 g.) in ‘‘ AnalaR’”’ acetic 
acid (20 ml.) was treated with sodium dichromate dihydrate (0-91 g.) in the same solvent (12 ml.) 
and left at room temperature for 20 hr. The product {2-33 g.; [a]p —21° (c, 1-96)} was not 


od 


obtained crystalline. For hydrolysis the oily oxo-benzoate (930 mg.) in methanol (7 ml.) 
containing excess of potassium hydroxide was refluxed for 45 min. Chromatography over 
alumina and crystallisation from light petroleum (b. p. 40—-60°) gave 28-hydroxyclovan-9-one, 
m. p. 77—78°, [a], —92° (c, 1-04) (Found: C, 76-35; H, 10-15. C,,;H,,O, requires C, 76-2; H, 
10-25%). The derived 3: 5-dinitrobenzoate [from light petroleum (b. p. 80—100°)] had m. p. 
135-5—136-5°, [x], —15° (c, 1-50) (Found: C, 61-5; H, 6-905; N, 6-9. C,.H,,0,N, requires 
C, 61-4; H, 6-1; N, 65%). 

Clovan-28-ol.—28-Hydroxyclovan-9-one (395 mg.) in ethanol (6 ml.) containing sodium 
(190 mg.) and anhydrous hydrazine (3 ml.) was heated at 185° for 15 hr. Sublimation of the 
product at 70°/0-5 mm. gave clovan-28-ol, needles, m. p. 95—96°, [a], + 23° (c, 1-23) (Found: C, 
81-3; H, 11-75. C,,;H,,0 requires C,81-0; H, 118%). The benzoate sublimed at 80°/0-1 mm., 
m. p. 46—47-5°, [a], +40° (c, 1-12) (Found: C, 81-35; H, 9-3. Cy gH 90, requires C, 80-95; H, 
9-25%). The 3: 5-dinitrobenzoate, needles [from light petroleum (b. p. 80—100°)], had m. .p. 
134—135°, [a], + 44° (c, 1:12) (Found: C, 63-8; H, 7-0; N, 6-85. CygH,g,0,N, requires C, 
63-45; H, 6-8; N, 6-75%). 

Clovan-2-one and Clovan-2«-ol.—Clovan-28-ol (375 mg.) in “‘ AnalaR ”’ acetic acid (3 ml.) was 
treated with sodium dichromate dihydrate (185 mg.) in the same solvent (2 ml.) and left over- 
night at room temperature. The resulting ketone, which was an oil {[«]) +20° (c, 2-32)}, was 
converted into the 2: 4-dinitrophenylhydvazone. After filtration through alumina in benzene 
solution and crystallisation from ethyl acetate—-methanol, this had m. p. 152—153° (Found: N, 
14-3. C,,H,,0,N, requires N, 14:0%). 

Clovan-2-one (820 mg.) in ethyl acetate (30 ml.) containing perchloric acid (72% aqueous ; 
10 drops) was hydrogenated over platinum in the usual way. Chromatography of the product 
over alumina and elution with light petroleum (b. p. 40—60°)—benzene gave clovan-2a-ol, m. p. 
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97—98-5° (from aqueous methanol), [a], —24° (c, 1-10) (Found, in material sublimed at 75— 
80°/5 mm.: C, 81-3; H, 11-7. C,,;H,,O0 requires C, 81-0; H, 11:8%). On oxidation with 
sodium dichromate in acetic acid this gave back clovan-2-one, identified by its 2: 4-dinitro- 
phenylhydrazone (m. p. and mixed m. p.). 

Reduction of clovan-2-one with sodium and »-propanol in the usual way gave a crystalline 
mixture (90%) of alcohols which could not be separated by crystallisation or chromatography. 
The mixture had m. p. 71—74°, [a], -—3° (c, 2-26), and thus corresponded to equal parts 
of clovan-2a- and -26-ol. 

Clovan-2«- and -28-ol gave marked m. p. depressions both with each other and with 

‘ x-caryophyllene alcohol,” m. p. 118°, [a], +-5° (c, 0-47), kindly prepared by Dr. T. Bruun. 

9a-Hydroxyclovan-2-one and its Derivatives—The keto-alcohol was prepared according to 
Aebi, Barton, and Lindsey (loc. cit.). The benzoate, rods [from light petroleum (b. p. 60—80°)], 
had m. p. 134—135°, [a], —19° (c, 1-75) (Found: C, 77-85; H, 8-25. C,.H,,O, requires C, 
77:6; H, 83%). The 3: 5-dinitrobenzoate, needles [from chloroform-—light petroleum (b. p. 60— 
80°)], had m. p. 166—167°, [a], +4° (c, 1:25) (Found: C, 61-5; H, 6-15; N, 6-7. C,,.H,,.0,N, 
requires C, 61-4; H, 6-1; N, 65%). 9x-Hydroxyclovan-2-one (120 mg.) in ethanol (1-5 ml.) 
containing dissolved sodium (70 mg.) and anhydrous hydrazine (1 ml.) was heated at 185° for 
15hr. The oily product {170 mg. ; [«]) --22° (c, 1-05)} was converted into clovan-9x-yl 3 : 5-di- 
nitvobenzoate, needles [from light petroleum (b. p. 60—80°], m. p. 192—193°, [a], —35° (c, 0-84) 
(Found: C, 63-4; H, 6-85. C,y.H,g0,N, requires C, 63-45; H, 6-8%). 

2-Oxoclovan-98-yl 3: 5-Dinitrobenzoate.—98-Hydroxyclovan-2-one was prepared from 1so- 
caryophyllene oxide according to Aebi, Barton, and Lindsey (loc. cit.). The derived 2: 5-di- 
nitrobenzoate had m. p. 191—192° [from benzene-light petroleum (b. p. 60—80°)], [a], + 33° 
(c, 1:07) (Found: C, 61-9; H, 6-2; N, 6-85. C,.H,,O,N, requires C, 61-4; H, 6-1; N, 6-5%). 

Clovenic Anhydride and its Derivatives ——The anhydride (Ruzicka and Gibson, Helv. Chim. 
Acta, 1931, 14, 570) had m. p. 50° [from light petroleum (b. p. 40—60°)], [«], —11° (c, 2-84) 
6a-Hydroxyclovenic acid (Aebi, Barton, Burgstahler, and Lindsey, Joc. cit.) on acetylation in 
the usual way (see above) gave 6-acetoxyclovenic anhydride, needles (from cold aqueous 
methanol), m. p. 114—115°, [a], —58° (c, 0-84) (Found: C, 66-05; H, 7-8. C,,H,,0, requires 
C, 66:2; H, 785%). 

1-H ydroxycaryolan-98-yl Benzoate.—Caryolane-1 : 98-diol was prepared according to Treibs 
(Chem. Ber., 1947, 80, 56). The 98-benzoate had m. p. 130—131° (from aqueous methanol), 
[aly +24° (c, 1:06) (Found: C, 76-8; H, 9-05. C,,H3,O, requires C, 77-15; H, 8-85%). The 
3: 5-dinitrobenzoate [from benzene-—light petroleum (b. p. 60—80°)] had m. p. 201—202°, [a], 

|-20° (c, 1-05) (Found: C, 60-7; H, 6-4. C,sH,,0,N, requires C, 61-1; H, 6-55%). 

Caryolane-1 : 9a-diol and its Derivatives.—The diol was prepared according to Aebi, Barton, 
Burgstahler, and Lindsey (loc. cit.). The derived 9«-acetate (needles from light petroleum 
(b. p. 40—60°) had m. p. 102—103°, [a«],, —16° (c, 1-07) (Found: C, 72-85; H, 9-95. C,,H,,0, 
requires C, 72:8; H, 10-05%). The corresponding benzoate had m. p. 157—158° (from aqueous 
methanol), [a], —32° (c, 1:02) (Found: C, 77-4; H, 8-95. C,sH ;,0, requires C, 77-15; H, 
8-85%). 

Derivatives of the Hydroxy-ketone (VIII).—The hydroxy-ketone (Barton and Lindsey, 
]., 1951, 2988) gave an acetate, m. p. 57—58° (from aqueous methanol), [«], —17° (c, 1-07) 
(Found: C, 72-85; H, 9-3. C,,H,,0, requires C, 72-7; H, 9-15%). The corresponding 
benzoate (from aqueous methanol) had m. p. 98—99°, [«],, —52° (c, 1-74) (Found: C, 77-05; H, 
8-05. C,,H,,O, requires C, 77:25; H, 8-05%). The dinitrobenzoate, already described by 

3arton and Lindsey (loc. cit.), had [a], —50° (c, 1-76). 
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Gibberellic Acid. Part I. 
By Brian E, Cross. 
[Reprint Order No. 5628.] 


Gibberellic acid, C,,H,,0,, a plant-growth promoting metabolite of 
Gibberella fujikurot (Curtis and Cross, Chem. and Ind., 1954, 1066), has been 
shown to be a tetracyclic dihydroxy-lactonic acid. Four products have been 
isolated from its acid hydrolysis, one of them identical with gibberic acid and 
unother with gibberellin B (Yabuta et al., J. Agric. Chem. Soc. Japan, 1941, 
17, 894). The formule of these two products have been corrected to 
Cigkles Some oxidations of gibberic acid are described. 

THE isolation of a metabolite of Gibberella fujikuroi (Sawada) Wollenweber, the organism 
which causes the Bakanae disease in rice, was reported by Yabuta and Sumiki (J. Agric. 
Chem. Soc. Japan, 1938, 14, 1526) and Yabuta and Hayashi (7bid., 1939, 15, 257; Chem. 
Abs., 1939, 33, 8238). The active compound, m. p. 242—244° (decomp.), [«]p +-36-1‘ 

which was first named gib berellin B and later gibberellin A, possessed remar! kable growth- 
promoting properties and produced the elongation of the shoots of rice se edings a 
teristic of the Bakanae dise vase. Yabuta et al. (J. Agric. Chem. Soc. Japan, 1941, 17,7 

894, 975; 1951, 25,159; Chem. Abs., 1950, 44, 10,814—6; 1952, 46, 5143), and Rasa 
and Sumiki (J. Agric. Chem. Soc. Japan, 1952, 25, 503), have described the characterisation 
ind degradation of gibberellin A for which they have proposed the formula Cy,H,Ov. 

In these laboratories unsuccessful attempts to isolate gibberellin A led to the isolation 
of a new metabolite which has been named gibberellic acid (Curtis and Cross, Chem. 
and Ind., 1954, 1066). This compound is a powerful plant-growth promoter, producing 
elongation of the shoots of wheat and pea seedlings (Brian, Elson, Hemming and 
Radley, J. Sci. Food Agric., 1954, in the press) similar to that described by Yabuta é al., 
Gibbere slic ac id, which de composes at 233—235°, is a colourless crystalline optically active 
acid ([«|}? +86°; pK 3-8) giving analyses for 1-4 C-methyl groups but no methoxyl groups. 
The analysis, equivalent weight, and molecular weight (by the crystallographic method) 
indicate a formula CygH.0,.* 

Gibberellic acid and gibberellin A are very similar in their biological properties and have 
two acid hydrolysis products in common. Nevertheless they differ in optical rotation and 
slightly in decomposition point, and the former gives one mol. of carbon diox*de on acid 
hydrolysis whereas gibberellin A is reported to give none (Yabuta e¢ al., loc. cit.; Sumiki, 
personal communication). Moreover, the melting points of the methyl and #-bromo- 
phenacyl esters differ significantly. Finally, direct comparison showed that gibberellic 
acid was distinct from gibberellin A, kindly supplied by Professor Sumiki. The two 
compounds gave different infra-red spectra when examined as Nujol mulls and in the 
10—12- region in dioxan solution, and, when crystallised from the same solvent mixture, 
gave different X-ray powder photographs. 

In cold concentrated sulphuric acid gibberellic acid gives an intense wine-red colour 
with a strong blue fluorescence, but no colour with ferric chloride, and does not reduce 
Fehling’s solution or ammoniacal silver nitrate. It is unstable to alkali and mineral acid 
and is rapidly oxidised by alkaline potassium permanganate. A weak positive nitro- 
chromic ‘acid test indicates the presence of a primary or secondary alcohol group and this 
has been confirmed by the infra-red spectrum (Table 1) and by the preparation of a mono- 
acetyl derivative, C,,H,,0,. Gibberellic acid yields a p-bromophenacy] ester and a neutral 
monomethyl ester, CypH,,O,. Acetylation of the latter gives methyl acetylgibberellate, 
CogHg0,, also obtained by methylation of acetylgibberellic acid. The infra-red spectrum 
of gibberellic acid in Nujol (Table 1) shows no absorption in the region normally associated 
with carboxylic-OH in solid (dimeric) acids; nevertheless the band at 1736 cm.~ (in dioxan) 

* Added in Pyoof.—Comparison of a sample of gibberellin X, from a culture filtrate of Gibberella 
fujikurot (Stodola et al., Arch. Biochem., 1954, in the press), kindly supplied by Dr. Stodola, with 


v 


gibberellic acid shows their identity. 
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is assigned to aliphatic carboxyl because (a) gibberellic acid forms a methyl ester without 
the uptake of water and (d) the absorption spectra exclude other acidic groupings such as a 
6-diketone system. Gibberellic acid and its derivatives (Table 1) all contain a high- 
frequency band in the C=O stretching region, showing the presence of a saturated y-lactone, 
further evidence for which is provided by consumption of a second equivalent of alkali on 
varming the acid with a small excess of 0-1N-sodium hydroxide. The remaining oxyge 
atom in gibberellic acid must be an unreactive, possibly tertiary, alcohol grouping since 
the infra-red spectrum of methyl acetylgibberellate shows an OH band at 3510 cm.7}. 

In the ultra-violet region methyl acetylgibberellate, unlike several of the hydrolysis 
produc ts of gibberellic acid (see Table 1), shows no maximum in the range 220—320 mu 
and does not, therefore, contain an aromatic ring. Microhydrogenation of the acid results 
in the uptake of from 1-75 to 2-18 mols. of hydrogen. On the assumption of two ethylenic 
bonds, the ‘re must be ne alicyclic rings and one lactone ring in the structure, which can be 
represented as C,2H49(OH),(CO-O-)-CO,H. 


TABLE 1. Infra-red absorption maxima (cm."}). 
Nujol mull Dioxan solution 
Compound CO OH CO OH 
Gibberellic 6036. ss Spctiedxsivcetisn He Sgr 3305, 3390 1784, 1736 ~3470 
ROOTED, |. dunandinhind oor tigemnbancainn , 17386 3400 1786, 1740 - 
Me ester .... se) ieee ratataser awn 1711 3490 1777, ~1720 
Me ester acetate , 1740, 1733 3510 -- 
3290 1740 


Gibberic acid ¢ 
Me ester 2 
CPI GA DDORIS BOMB cassis ds 500.0 ba Zedcd bios see Broad 1731, 1744 
Me ester pets 
@ In CCl, solution, OH absorption at 3525 cm. (CO region not examined). * In CCl, solution, 
absorption at 1745 cm.!, corresponding in intensity to two CO groups. 


Like gibberellin A, gibberellic acid is readily attacked by mineral acid and yields 
several products two of which, gibberic acid and allogibberic acid, have been obtained in 
good yield from both precursors. Unlike gibberellin A, however, gibberellic acid rapidly 
evolves carbon dioxide under these conditions. Thus with dilute hydrochloric acid at 

gibberellin A is reported to give gibberellin B (CygH,.03), m. p. 194—196°, [a]p 
, whilst gibberellic acid yields carbon dioxide and allogibberic acid (C “18H 9903), m. p. 
200-5—203°, [a] —80°. Gibberellin B and allogibberic acid both absorb 0-5—1-0 mol. of 
hydrogen during catalytic hydrogenation, giving products melting at 199—201° and 197— 
199-5° respectively. In each case the product does not depress the melting point of its 
precursor. This led Yabuta e¢ al. (loc. cit.) to conclude that hydrogenation iy gibberellin B 
had not occurred; however, the infra-red spectra and elementary analyses of allo- and 
dihydroallo-gibberic acid show quite clearly that these two hydroxy-acids are different. 
alloGibberic acid is stable to boiling dilute alkali but is isomerised by boiling mineral acid to 
gibberic acid. Yabuta e¢ al. found that gibberellin B was a plant-growth promoter whereas 
allogibberic acid is not (Radley, personal communication) ; nevertheless it seemed possible 
that these two compounds were the same, and this has been proved by comparison of the 
infra-red spectra.* 

Hydrolysis of gibberellic acid with boiling mineral acid yields one mol. of carbon dioxide 
andg gibberic >acid, m. p. 153—154° or 4 74—175°, [«]}?* —7°, as the main penne: two other 
products epigibberic acid, m. p. 252—255°, [a|> -+131°, and an acid, p. 266—269° 
(decomp.), have been isolated in small yield. epiGibberic acid is dimorphic sometimes 
crystallising in a form, m, p. 227—230°. Under similar conditions gibberellin A gives 
gibberic acid, m. p. 158—154°, oe 0°, «sogibberic acid, m. p. 173—174°, [a]p 0°, and 
gibberellin C, m. p. 251—252° (decomp.). Direct comparison, by infra-red spectra and 
mixed melting point, of gibberic acid from the two sources (the author is indebted to 

* The name allogibberic acid has been retained, in preference to gibberellin B, since this compound 


is an acid isomeric with, and closely related to, gibberic acid. The author is indebted to Professor 
Sumiki for a specimen of gibberellin B. 
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Professor Sumiki for one sample) showed them to be identical. It seems unlikely tha 
tsogibberic acid and gibberic acid are different compounds since gibberic acid prepared from 
gibberellic acid usually has two melting points, apparently dependent on the crystal size 
and rate of heating. Yabuta e al. (loc. cit.) proposed the formula C,gH,.O, for gibberic 
acid. However, analyses and equivalent-weight determinations on gibberic acid and its 
derivatives conclusively establish the formula C,,H, 0, for this acid whence it follows that 
the hydrolysis of gibberellic acid involves the loss of carbon dioxide and water. 


TABLE 2. Ultra-violet absorption maxima (my). 


Compound ean, loge Compound p 
alloGibberic acid 266, 274-5 2-50, 2-35 Methyl gibberate 265, 273, 294 
or 
274 


Gibberic acid ... 265, 274, 300 2-56, 2-47, 1-49 epiGibberic acid 265, 
Gibberic acid *... 265-5, 273-5, 292 2-63, 2-56, 1-69 Acid, m. p. 266— 
269° (decomp.) 293 


* In 0-In-NaOH. The other specta were measured in EtOH, 


The ultra-violet absorption spectra of the hydrolysis products and their derivatives 
(Table 2) show that all these compounds except the acid, m. p. 266—269° (decomp.), 
contain one benzene ring and are probably closely related in basic structure. 

Gibberic acid forms a neutral monomethyl ester, an oxime, and an ester oxime. 
Attempts to hydrogenate gibberic acid having been unsuccessful, it may be concluded that 
this acid contains no ethylenic double bond, so that the formation of gibberic acid from 
allogibberic acid may be interpreted as the isomerisation of an unsaturated alcohol to the 
ketone. The infra-red spectrum of gibberic acid (Table 1) shows C=O absorption at 1717 
and 1741 cm.-! (Nujol mull). These bands are assigned to an aliphatic carboxyl group and 
a five-membered ring ketone respectively. In common with several other acids described 
in this paper the infra-red spectrum of gibberic acid in a Nujol mull shows no OH absorption 
in the region 2500—2700 cm.! but exhibits a high-frequency OH band (3290 cm.~4) 
(cf. MacMillan, J., 1953, 1697). The presence of a carboxyl group is, however, confirmed 
by the rise in the frequency of the C=O band from 1717 cm.~? in the solid to 1740 cm.*} in 
dioxan solution and by the shift of the OH band to 3525 cm." in carbon tetrachloride 
solution. Alcohols in carbon tetrachloride show OH absorption at frequencies greater 
than 3600 cm.1, hence the high-frequency OH band must be assigned to monomeric 
carboxylic OH. Consideration of these facts and the formula of gibberic acid shows that 
it is a tetracyclic keto-acid containing an aromatic ring. epiGibberic acid closely resembles 
gibberic acid in its infra-red and ultra-violet absorption spectra (see Tables), in the formation 
of a monomethy]l ester and an oxime, and in the absence of ethylenic bonds. The relation 
of epigibberic acid to gibberic acid is being investigated and the results which have been 
obtained so far suggest that the acids are epimers. The other hydrolysis product, the 
acid of m. p. 266—269° (decomp.), has only been obtained in very small yield. Elementary 
analysis is in agreement with the formula C,,H,,0, corresponding to the addition of one 
molecule of water to gibberellic acid. The compound is presumably not a gibberellic acid 
hydrate because it gives only a pale greenish-yellow colour with concentrated sulphuric 
acid, indicating that the structure of gibberellic acid has been modified. Further, water 
has not been added by opening of the lactone ring since the acid in a Nujol mull shows a 
C=O stretching band at 1762 cm.-! (1778 cm.~ in dioxan solution). 

Yatazawa and Sumiki (/oc. cit.) have shown that oxidation of gibberic acid with selenium 
dioxide gives a yellow acid, m. p. 188° (gibberdionic acid), for which in agreement with their 
formula for gibberic acid they propose the formula C,,H,,O,. By further oxidation of 
gibberdionic acid with alkaline hydrogen peroxide they obtained carbon dioxide and a 
dicarboxylic acid decomposing at 154° for which they proposed the formula Cy7_1gH9_-940¢. 
This result was explained by assuming that gibberdionic acid has the partial structure 
CH 4g(CO,H)-CO-CHO. These experiments have been repeated but with somewhat 
different results. Selenium dioxide oxidation of gibberic acid has given gibberdionic acid, 
m. p. 189-5—191°, which must, however, have the formula C,,H,,O, and this is supported 
by analyses of the acid and its methyl ester. If the assumption that gibberic acid is a five- 
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membered ring ketone is correct, then gibberdionic acid must be a cyclic «-diketone. 
Oxidation of gibberdionic acid with alkaline hydrogen peroxide under the conditions 
described by Yatazawa and Sumiki yielded only a trace of carbon dioxide but gave an acid 
which decomposed at 158°. This acid gave analyses in fair agreement with the formula 
Cy 3H5904,4H,O and was conclusively shown to be a tricarboxylic acid by analysis of its 
trimethyl ester for methoxyl. Gibberdionic acid would give a tricarboxylic acid on mild 
oxidation if it contained a cyclic «-diketone grouping but not if it had the structure 
suggested by Yatazawa and Sumiki. Further evidence for an «-diketone structure is 
provided by the infra-red spectrum of methyl gibberdionate which shows C=O bands at 
1736, 1750, and 1764 cm.! (Nujol mull). The band at 1736 cm."! is assigned to the ester 
grouping and the other two C=O bands to a five-membered ring «-diketone (cf. camphor- 
quinone which shows C=O bands at 1748 and 1769cm.+; Duncanson, personal communic- 
ation). The spectrum does not contain an OH or C=C band, thus showing that there is 
no enol present, either because there is no enolisable hydrogen atom or because structural 
factors prevent enolisation. The inability of gibberdionic acid to enolise is confirmed by 
the ultra-violet spectrum of gibberdionic acid which is almost identical in ethanol and 0-1N- 
sodium hydroxide and closely resembles that of gibberic acid. 

Dehydrogenation of the tricarboxylic acid with selenium or palladised charcoal gives a 
good yield of a hydrocarbon, gibberene, C,;H,,, which is the main product from the 
dehydrogenation of gibberic acid with selenium (Mulholland and Ward, following paper). 


EXPERIMENTAL 

M. p.s are corrected. Microanalyses are by Messrs. W. Brown and A. G. Olney. Infra-red 
measurements were made with a Grubb—Parsons S 3A single beam spectrometer through which 
dry air was continuously circulated. Ultra-violet absorption was measured with a Unicam S.P. 
500 Spectrophotometer. Rotations were determined in ethanol solution (1 ml.), in a 1l-dm. 
microtube. 

Gibberellic Acid.—Crude gibberellic acid (5-0 g.), extracted from the culture filtrates of 
Gibberella fujikuroit as described by Curtis and Cross (loc. cit.), was treated in boiling ethyl 
acetate (ca. 750 ml.) with charcoal, and the boiling filtrate diluted with light petroleum (b. p. 
60—80°) (800—900 ml.) until it became faintly turbid. On cooling, clusters of white jagged 
lathes separated (4:0—4-5 g.), m. p. 233—235° (effervescence). For analysis this process was 
repeated although the melting point did not rise; the acid had [a]|}) +86° (c, 2-12) [Found : 
C, 65-9, 65:85, 65-5; H, 6-6, 6-55, 6-4; C-Me (Kiihn—Roth), 5-9%; equiv. (potentiometric), 
342, 345; (phenolphthalein), 335; M (X-ray), 345. C,H, 0, requires C, 65-9; H, 6-4; C-Me, 
4-35%; M, 346}. Gibberellic acid crystallises from ethyl acetate, methanol-light petroleum, 
and dilute solutions in ethyl acetate—light petroleum as bipyramids. The infra-red spectrum 
in a Nujol mull showed bands at 1328, 1308, 1275 (shoulder at ~1280), 1263, 1250, 1233, 1212, 
1191, 1172, 1156, 1128, 1117, 1105 (shoulder at ~1090), 1060, 1032, 1021, 998, 976, 942 (shoulder 
at ~950), 922, 889 (shoulder at ~900), 862, 847, 810, 778, 761, 744, and 691 cm.~! in addition to 
those listed in Table 1. 

Gibberellic acid is only slightly soluble in water and ether but is readily soluble in methanol, 
ethanol, and acetone, and moderately soluble in ethyl acetate. It dissolves readily in sodium 
hydrogen carbonate and sodium acetate solutions. It did not give a semicarbazone or oxime 
or react with «-naphthyl isocyanate in boiling xylene. It was warmed in 4 equivalents of 0-1N- 
sodium hydroxide solution on the water-bath for | hr.; back-titration with 0-1N-hydrochloric 
acid indicated consumption of 2-05 equivs. of alkali. Microhydrogenation in acetic acid resulted 
in the uptake of 1-75—1-88 mols. of hydrogen with a palladium catalyst and of 2-18 mols. 
(2 expts.) with a platinum catalyst. The p-bvomophenacyl ester (prisms from ethanol) had m. p. 
218—219° (Found: C, 57-65; H, 5-0; Br, 14:35. C,,H,,0,Br,H,O requires C, 57-75; H, 5-2; 
3r, 14-2%). 

Derivatives. (a) Gibberellic acid (207 mg.) in methanol (7 ml.) with excess of diazomethane 
at 0° for 5 hr. gave the ester as a glass which crystallised from benzene—methanol as needles 
(159 mg.), m. p. 208—210°, raised to 209—210° by further recrystallisation, [x], +75° (c, 0-5) 
(Found : C, 66-65; H, 6-85; OMe, 8-5. C,,H,,O, requires C, 66:65; H, 6-7; OMe, 8-6%). The 
acid (124-7 mg.), methyl iodide (0-3 ml.), anhydrous potassium carbonate (0-7 g.), and dry 

(7 


acetone (7 ml.) were heated under reflux for 8 hr. The residue obtained by evaporation was 


in 
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washed with water and crystallised from ethyl acetate—light petroleum and ethyl acetate— 
benzene, giving needles, m. p. 206—207° (Found: C, 66-1; H, 6-85%), identical with the 
preceding ester (mixed m. p. and infra-red spectra). 

(b) The acid (113 mg.) in pure dry pyridine (1-8 ml.) and acetic anhydride (1-0 ml.) was left 
at room temperature for 45 hr. The solvents were removed on the water-bath in vacuo and the 
residue was dissolved in sodium hydrogen carbonate solution and then precipitated with hydro- 
chloric acid. The crude acetyl derivative (120 mg.), m. p. 180—190° (decomp.), crystallised from 
ethyl acetate—light petroleum (b. p. 60—80°) as rhombs, m. p. 233—-234° (decomp.), [«]}7 -+- 152° 
(c, 0-5) (Found: C, 65-1; H, 6-3. C,,H,,O, requires C, 64-9; H, 6-2%). 

(c) Methyl gibberellate (79 mg.) was left in pure dry pyridine (1 ml.) and acetic anhydride 
(0-5 ml.) for 42 hr. The solvents were removed in vacuo on the water-bath, the residue was 
treated with sodium hydrogen carbonate solution, and the product (80 mg.) was collected by 
filtration. Crystallisation from benzene-light petroleum (b. p. 60—80°) gave methyl acetyl- 
gibberellate as prisms, m. p. 180—181°, [a]}® + 150° (c, 0-4) (Found: C, 65-3; H, 6-7. C,,H,,O0, 
requires C, 65:7; H, 6-5%). Acetylgibberellic acid (34-5 mg.) in methanol (1-25 ml.) with 
excess of diazomethane at 0° for 20 hr. gave a gum, which after treatment with sodium hydrogen 
carbonate solution had m. p. 120—140°. Crystallisation from ethyl acetate—light petroleum 
(b. p. 60—-80°) yielded prisms, m. p. 178—180° not depressed on admixture with the preceding 
derivative. 

Acid Hydrolysis of Gibberellic Acid.—(A) At 55—65°. Gibberellic acid (702 mg.), suspended 
in dilute hydrochloric acid (1:10; 10 ml.), was heated at 55—65° for 2-25 hr. (evolution of 
The mixture was cooled and filtered and the product (433 mg.; m. p. 172— 
216°) washed with water. The dried solid was extracted with boiling benzene and filtered from 
unchanged gibberellic acid [150 mg.; m. p. 2832—234° (decomp.)]._ A little ethanol was added 
to the hot filtrate which on cooling deposited allogibberic acid as plates (245 mg.), m. p. 190— 
195°; recrystallisation from benzene-ethanol and finally from aqueous methanol gave colour- 
less laths, m. p. 200-8—203°, [«]?? —80° (c, 0-7) [Found : C, 75-95, 76-05; H, 7-1, 7:°3%; equiv. 
(potentiometric), 282. C,g,H,.O, requires C, 76-0; H, 7-1%; equiv., 284 (monobasic acid)]. 
alloGibberic acid gives no colour with cold concentrated sulphuric acid and is stable to boiling 


carbon dioxide). 


5% potassium hydroxide solution. 
Isomerisation of allogibberic acid to gibberic acid. alloGibberic acid (27:2 mg.) was heated 


under reflux with diiute hydrochloric acid (1:5; 4 ml.) for 1 hr. The product (22 mg.) was 
collected and crystallised from ethyl acetate-light petroleum (b. p. 60—80°), giving needles, 
m. p. 146—150°, raised to 151—153° by a second crystallisation. The product was shown to be 
gibberic acid (see below) by mixed m. p. and infra-red spectrum. 

Dihydroallogibberic acid. alloGibberic acid (58 mg.) and 10% palladised charcoal (26 mg.) 
in methanol (5 ml.) absorbed hydrogen slowly (3-7 ml. at 13°/768 mm. in 3 hr.; 0-78 mol.). The 
recovered product crystallised from benzene-ethanol as plates (44 mg.), m. p. 197—199-5°, not 
raised by further crystallisation [Found: C, 75:25; H, 7-95%; equiv. (potentiometric), 289. 
C,,H,.0, requires C, 75-5; H, 7-7%; equiv., 286 (monobasic acid)]. Dihydroallogibberic acid 
did not significantly depress the m. p. of allogibberic acid. 

(B) At the boiling point. (a) Gibberellic acid (4-0 g.), concentrated hydrochloric acid 
(120 ml.), and water (600 ml.) were heated under reflux for 1 hr. and then allowed to cool. The 
mixture of solidified oil and crystals was collected (3-13 g.) and crystallised from ethyl acetate— 
light petroleum (b. p. 60—80°) (charcoal), giving the fractions : (i) needles (2-19 g.), m. p. 152-5 
154°, (ii) needles (377 mg.), m. p. 147—151°, and (iii) prisms (139 mg.), m. p. 210—220°. 
Continuous ether-extraction of the aqueous filtrate from the hydrolysis yielded a viscous gum 
which crystallised from aqueous methanol as rods (72 mg.), m. p. 215—220°, which were 
combined with (1ii). 

In one experiment, with boiling dilute sulphuric acid in a slow current of nitrogen, 1-0 mol. 
of carbon dioxide was evolved (barium hydroxide trap). 

Fractions (i) and (ii) were combined and crystallised from ethyl acetate-light petroleum 
(b. p. 60—80°), giving pure gibberic acid as needles, m. p. 153—154° or 174—175°, [a]}7* —7° 
(c, 2-0), [a]}§, —9° (c, 2-0) [Found: C, 76-05, 75-95; H, 7-1, 7-15; C-Me (Kiihn—Roth), 6-5% ; 
equiv., 278. C,,H,.,O, requires C, 76-0; H, 7-1; C-Me, 5-3%; equiv., 284 (monobasic acid)]. 
Gibberic acid gives no colour with concentrated sulphuric acid and it is stable to boiling 
5% potassium hydroxide solution. , 

The methyl ester, prepared with diazomethane, crystallised from light petroleum (b. p. 60— 
80°) in hexagonal plates, m. p. 113—115° (Found: C, 76-25; H, 7-55; OMe, 10-35. C,,H,.O, 
requires C, 76-5; H, 7-4; OMe, 10-4%). The oxime, prepared from the acid by the sodium 
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acetate-ethanol method, crystallised from aqueous methanol as stout rods, m. p. 250—258° 
(decomp.) (Found : C, 71-85; H, 7-0; N, 4-65. C,,H,,0,N requires C, 72-2; H, 7-1; N, 4:7%) 
[Yabuta et al., loc. cit., give the m. p.s of gibberic acid, its oxime, and methyl gibberate as 153— 
154°, 225—230° (decomp.), and 116—117° respectively]. Methyl gibberate oxime, prepared from 
the above oxime and diazomethane, crystallised from light petroleum and aqueous methanol as 
needles, m. p. 157—160° (Found: C, 72-9; H, 7-45; N, 4:5. Cj gH,,0,N requires C, 72-8; H, 
7-4; N, 45%). 

Fraction (iii) was crystallised from methanol, giving epigibberic acid as laths, m. p. either 
227—230° or 252—255°, [a]}® +131° (c, 0-8) [Found: C, 75-9, 76-35; H, 7-2, 7-:0%; equiv. 
(potentiometric), 286]. Specimens with either melting point gave the same infra-red spectrum 
and interchanged in melting point during crystallisation. Methyl epigibberate, prepared with 
diazomethane, crystallised from aqueous methanol in needles and from light petroleum in prisms, 
m. p. 95—96° (Found: C, 76-45; H, 7-5%). The oxime, prepared as above, crystallised from 
aqueous methanol as hexagonal prisms or plates, m. p. 214—215-5° (decomp.) (Found : C, 72-45; 
H, 7-05; N, 47%). 

(b) Gibberellic acid (548 mg.), concentrated hydrochloric acid (1:75 ml.), and water 
(10-25 ml.) were heated under reflux at a bath-temp. of 150° for 45 min. The aqueous layer was 
decanted from some oil whilst still hot. On cooling, the oil solidified (413 mg.; m. p. 80—110°) 
and the aqueous layer first deposited microcrystals (28 mg.), m. p. 140—148°, and later prisms 
(5 mg.), m. p. 250—258° (decomp.). Crystallisation of the solidified oil and the microcrystals 
from ethyl acetate-light petroleum (b. p. 60—80°) yielded gibberic acid. The prisms from this 
and a similar experiment were crystallised from ethyl acetate-light petroleum (b. p. 60—80°), 
giving prisms, m. p. 266—269° (decomp.) (Found: C, 62:3; H, 7-1. C,,H,,O, requires C, 62-6; 
H, 66%). The compound is soluble in sodium hydrogen carbonate solution with effervescence 
and gives a pale greenish-yellow colour with concentrated sulphuric acid. In the infra-red 
(Nujol) it showed C=O bands at 1717 and 1762 cm.-! and OH bands at 3480, 3420, 3300, 2750, 
2690, and 2600 cm.". 

Gibberdionic Acid (cf. Yatazawa and Sumiki, loc. cit.).—Gibberic acid (352 mg.) and selenium 
dioxide (906 mg.) in ethanol (1-5 ml.) were heated in a sealed tube immersed in boiling xylene for 
4-25 hr. The orange solution was filtered from selenium (140 mg.), and the filtrate and washings 


were diluted with water until just turbid and left overnight at 0°. The buff-coloured plates 
Crystallis- 


were collected (333 mg.) and at 100° became bright yellow with m. p. 176—184°. 
ation from benzene—light petroleum (b. p. 60-—80°) or ethyl acetate—light petroleum (b. p. 60— 


80°) gave gibberdionic acid as yellow prisms, m. p. 189-5—191° (Found.: C, 72-25; H, 6-15. 
C,,H,,0, requires C, 72-5; H, 6-1%). Yatazawa and Sumiki record the m. p. of gibberdionic 
acid as 188°. Gibberdionic acid crystallises from aqueous methanol in white feathery crystals, 
m. p. 93—96° (effervescence and turning yellow) (Found: C, 66-4; H, 7-1. CygH,0,,2CH,°OH 
requires C, 66-3; H, 7:2%). 

Methyl Gibberdionate.—Methy] gibberate (70 mg.) and selenium dioxide (170 mg.) in methanol 
(0-3 ml.) were oxidised as described for gibberic acid and gave the required ester (70 mg.), m. p. 
180—188°, which crystallised from benzene-—light petroleum as pale orange plates, m. p. 193— 
195° (Found : C, 73-0; H, 6-55. C,,H,.O, requires C, 73-1; H, 6-45%). 

Oxidation of Gibberdionic Acid (cf. Yatazawa and Sumiki, loc. cit.).—-Gibberdionic acid (623 mg.) 
in methanol (30 ml.) and sodium hydroxide (8% ; 30 ml.) was heated under reflux with hydrogen 
peroxide (30%; 18ml.)for30min. After acidification of the cooled solution, the tricarboxylic acid 
was extracted with ether and crystallised once from ether—light petroleum (b. p. 60 —80°), decomp. 
pt. 152—156° (594 mg.). A specimen for analysis was recrystallised from ether in prisms or 
needles, decomp. pt. above 158°, and dried in vacuo over phosphoric oxide at 75° (Found: C, 
63-6, 63-25; H, 6-6, 6-7. C,,H, O,,0-5H,O requires C, 63-3; H, 6-2%). The trimethyl ester, 
prepared with diazomethane, distilled at 90—100° (bath) /10~! mm. as a colourless gum (Found : 
C, 67-55; H, 7-05; OMe, 25-3. C,,H,,O, requires C, 67-4; H, 7-0; -30Me, 24-85%). 

Dehydrogenation. (a) With selenium. The tricarboxylic acid (202 mg.) and selenium 
powder (197 mg.) were heated in a current of nitrogen at 265°, rising to 335° in 25 min., and then 
at 335—345° for 2 hr. The mixture was extracted with ether, the extract washed with sodium 
hydroxide, and the product recovered as a yellow solid (119 mg.), which, in light petroleum 
(b. p. 40—60°) (6 ml.), was poured through a column of acid-washed alumina activated at 120° 
(12 g.). Elution of the diffuse band (fluorescing pale blue in ultra-violet light) with 
light petroleum (b. p. 40—60°) yielded white crystals (69 mg.), m. p. 100—103°, which 
crystallised from methanol in curly needles, m. p. 105-5—107° (Found : C, 92-45; H, 7-2. Calc. 
for C,;H,,: C, 92-7; H, 7-3%), identical with gibberene (mixed m. p. and infra-red spectrum) 
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(Mulholland and Ward, Joc. cit.). Oxidation of gibberene (25 mg.) in acetone with potassium 
permanganate, as described by Mulholland and Ward, gave gibberenone (16 mg.), m. p. 74- 
76-5°, raised to 75:-5—76-5° by crystallisation, identical with a specimen of authentic gibberenone 
(mixed m. p. and infra-red spectrum). 
b) With palladised charcoal. The tricarboxylic acid (103 mg.) and 30% palladised charcoal 
g.) were heated in a current of nitrogen from 170° to 230° (50 min.) and then kept at 233— 
- 1-5 hr. The product was isolated and purified as in (a), giving gibberene (29-5 mg.), 
101—-105°, raised to 105-5—107° by crystallisation from methanol. 


I am indebted to Dr. D. R. Holmes, Imperial Chemical Industries Limited, Plastics Division, 
for the X-ray measurements, to Dr. L. A. Duncanson for determining and discussing the infra- 
red spectra, and to several colleagues for suggestions and criticisms. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
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Gibberellic Acid. Part II.* The Structure and Synthesis of 
Gibberene. 
By T. P. C. MuLHOLLAND and G. WARD. 
[Reprint Order No. 5629.] 


Gibberene, one of the dehydrogenation products of gibberic acid, is 
shown to be 1: 7-dimethylfluorene. This hydrocarbon, 1 : 7-dimethyl- 
fluorenone (gibberenone), and methyl fluorenone-1 : 7-dicarboxylate have 
been synthesised. 


It has been reported that dehydrogenation of gibberellin A and B and gibberic acid with 
selenium yields a mixture of a hydrocarbon, gibberene, and a ketone, gibberone (Yabuta, 
Sumiki, Azabu, Tamura, Igarashi, and Tamari, J. Agric. Chem. Soc. Japan, 1940, 16, 975; 
Chem. Abs., 1950, 44, 10816). Gibberene was identified as a substituted fluorene and the 
formula C,,H,, was proposed. Oxidation gave the corresponding fluorenone (gibberenone). 

The formation of gibberene by dehydrogenation of gibberic acid with selenium has been 
confirmed. Gibberene was also obtained by dehydrogenation of the gums recovered from 
the crystallisation mother-liquors of gibberellic acid. Gibberene and gibberenone are now 
shown to be | : 7-dimethylfluorene (C,;H,,) and 1 : 7-dimethylfluorenone respectively, by 
degradation and synthesis. 

Oxidation of gibberene with potassium permanganate in acetone gave gibberenone, 
C,;H,,O. Oxidation with sodium dichromate in acetic acid also gave the fluorenone 
together with a yellow fluorenone monocarboxylic acid, C,;H,)03. This acid was shown to 
be 1-methylfluorenone-7-carboxylic acid; first, by oxidation to fluorenone-1 : 7-di- 
carboxylic acid, identified by direct comparison of the dimethyl and diethyl esters with 
authentic specimens prepared from retene (Bamberger and Hooker, Annalen, 1885, 229, 
102); and, secondly, by decarboxylation to 1-methylfluorenone which was synthesised by 
Lothrop and Goodwin’s method (J. Amer. Chem. Soc., 1943, 65, 363). 1-Methylfluorenone 
was also obtained by the reduction of fluorene-l-carboxylic acid to fluorene-l-aldehyde by 
McFadyen and Stevens’s method (]., 1936, 584) followed by catalytic reduction to 1-methyl- 
fluorene and subsequent oxidation. It follows that gibberenone is 1 : 7-dimethyl- 
fluorenone. 

Gibberenone is somewhat resistant to oxidation and was not readily attacked by 
permanganate in sodium hydroxide. Oxidation with sodium dichromate gave 1-methyl- 
fluorenone-7-carboxylic acid, but with more difficulty than gibberene did. Oxidation with 
permanganate in pyridine gave a mixture of 1-methylfluorenone-7-carboxylic acid, 
fluorenone-1 : 7-dicarboxylic acid, and traces of a red acid. The last acid is considered to 
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be 7-methylfluorenone-l-carboxylic acid; in colour and m. p. it resembles fluorenone-1- 
carboxylic acid, the other three fluorenonemonocarboxylic acids being yellow. Further 
oxidation of the mixed acids with permanganate gave fluorenone-! : 7-dicarboxylic acid. 
The “ gibberenone monocarboxylic acid’’ prepared by Yabuta ef al. (loc. cit.) may be 
identical with 1-methylfluorenone-7-carboxylic acid, but the latter melts 20° higher. 

Finally 1 : 7-dimethylfluorene, 1 : 7-dimethylfluorenone, and methyl fluorenone-1 : 7- 
dicarboxylate were prepared by unambiguous synthesis, being identical with the 
corresponding compounds obtained by degradation of gibberic acid. 

2-Amino-5-methylbenzoic acid was converted by acetic anhydride into 2 : 6-dimethyl- 
4-oxo-3 : 1-benzoxazine (Ring Index numbering, No. 947), which with o-tolylmagnesium 
bromide (cf. Lothrop and Goodwin, loc. cit.) gave 2-acetamido-5 : 2’-dimethylbenzophenone. 
A small amount of 2-acetamido-5-methylbenzoic acid was also formed but none of the 
expected ditolyl-alcohol (cf. Lothrop and Goodwin) was isolated. Hydrolysis of the 
benzophenone with sulphuric acid gave the corresponding amine, from which | : 7-di- 
methylfluorenone was obtained by diazotisation and ring closure. Wolff-Kishner reduction 
of the fluorenone gave 1 : 7-dimethylfluorene and oxidation of the dimethylfluorenone gave 
fluorenone-1 : 7-dicarboxylic acid which hitherto has only been obtained from retene and 
by oxidation of fluoranthene-12-carboxylic acid (von Braun and Manz, Annalen, 1932, 
496, 170). 


EXPERIMENTAL 

Some microanalyses are by Messrs. W. Brown and A. G. Olney. In chromatography, unless 
otherwise stated, Spence alumina was rendered alkali-free (Prins and Shoppee, /J., 1946, 498) 
and then activated for 3 hr. at 250°/17 mm. Infra-red absorption spectra were determined with 
a Grubb-Parsons S 3A Spectrometer through which dry air was continuously circulated. 
Ultra-violet absorption spectra were measured with a Unicam S.P. 500 Spectrophotometer. 

Dehydrogenation of Gibberic Acid.—The yield of gibberene depended on the apparatus used. 
The best yield was obtained when the reaction was carried out in a small distillation flask 
(capacity ca. 2 ml.) with a narrow neck (7 x 0-6 cm.) to ensure that the refluxing material 
returned to the flask. A mixture of gibberic acid (1-00 g.) and selenium powder (1-00 g.) was 
heated in a slow stream of nitrogen to 320° in 20 min. (evolution of carbon dioxide), then raised 
to and kept at 360° + 5° for 2} hr. No volatile carbonyl compounds were detected (2 : 4-di- 
nitrophenylhydrazine trap). The mixture was distilled at ca. 15 mm. An ethereal solution of 
the solid distillate from four experiments on the same scale was washed with 3N-sodium 
hydroxide, and the recovered neutral fraction (2-12 g.) in light petroleum (b. p. 40—60°) (60 ml.) 
and ether (6 ml.) was chromatographed on alumina (26 x 2cm.). Elution in ultra-violet light 
with light petroleum followed by light petroleum (b. p. 40—60°)—ether (70: 1) removed first a 
violet-fluorescing band. Further elution removed gibberone and other products which are 
under investigation. 

The crude product (1-29 g.) recovered from the violet band was fractionally crystallised from 
methanol, giving 1 : 7-dimethylfluorene (gibberene) as needles and plates, m. p. 107—107-5° 
(715 mg.) (Found: C, 92-0, 92:2; H, 7-2, 7-4. C,;H,,4 requires C, 92-7; H, 7-3%), and impure 
material, m. p. 88—94° (306 mg.). 1: 7-Dimethylfluorene obtained in this way was identical 
(mixed m. p. and infra-red absorption spectrum) with a synthetic specimen. The m. p. of 
gibberene is given as 106—108° (Yabuta et al., loc. cit.). After crystallisation the fluorene did 
not fluoresce on alumina in ultra-violet light. It gave a blue colour with concentrated sulphuric 
acid. The unstable picrate, prepared by fusion, formed orange-red needles, m. p. 85—86°, not 
depressed by a synthetic specimen, but could not be recrystallised. The 1: 3: 5-trinitro- 
benzene adduct crystallised from ethanol in yellow needles, m. p. 98°, not depressed by a 
synthetic specimen. Yabuta ef al. record m. p. 84—85° and 98° respectively for these derivatives 
of gibberene. 

Dehydrogenation of the gums (ca. 6-0 g.) from the crystallisation mother-liquors of gibberellic 
acid also gave 1 : 7-dimethylfluorene (560 mg., m. p. 102—104°). 

Oxidation of 1: 7-Dimethylfluorene.—(i) Potassium permanganate (172 mg.) was added in 
portions (2 hr.) to a shaken solution of the fluorene (80 mg.) in acetone (4 ml.) at room 
temperature. When oxidation was complete the mixture was filtered. The product obtained 
by evaporation of the filtrate and acetone washings was chromatographed in light petroleum 
(5 ml., b. p. 40—60°) on alumina (17 x 0-8cm.). A band fluorescing violet in ultra-violet light 
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was eluted with light petroleum-ether (20 : 1) and on recovery gave unchanged starting material 
(20 mg.). Further elution removed a yellow band from which | : 7-dimethylfluorenone (62 mg. ; 
m. p. 71—73°) was recovered. It crystallised from methanol in yellow plates and flat needles, 
m. p. 76-5—77°, identical (mixed m. p. and ultra-violet absorption spectrum) with a synthetic 
specimen (Found: C, 86-5, 86-4; H, 5-9, 5-95. C,;H,,O requires C, 86-5; H, 58%). The 
m. p. of gibberenone is 77° (Yabuta e¢ al., loc. cit.). Infra-red absorption (Nujol mull) : CO, 
1700 cm.'. 1: 7-Dimethylfluorenone gave a purple colour with concentrated sulphuric acid. 

The 2 : 4-dinitrophenylhydrazone crystallised from nitrobenzene-—light petroleum (b. p. 80 
100°) in orange-red needles, or from benzene in orange-red plates, m. p. 269—270° (Found: C, 
65:0; H, 4:0; N, 14:3. C,,H,,0,N, requires C, 64-9; H, 4:15; N, 14-4%). The oxime, 
prepared in pyridine (Neish, Rec. Trav. chim., 1950, 69, 207), crystallised from light petroleum 
(b. p. 80—100°) in pale yellow needles, m. p. 188-5—-189-5° (Found: C, 80-1; H, 5-9; N, 6-0. 
C,;H,,ON requires C, 80-7; H, 5-9; N, 6-3%). Preparation of the oxime in alcohol-sodium 
acetate as described by Yabuta eft al. gave a poor yield of impure material, m. p. 184°. Yabuta 
et al. give the m. p. of gibberenone oxime at 184°. The m. p.s of the derivatives were not 
depressed on admixture with synthetic specimens. 

(ii) A solution of sodium dichromate dihydrate (0-45 g.) in 90% acetic acid (2-54 ml.) was 
added in 1 hr. to a boiling solution of 1 : 7-dimethylfluorene (104 mg.) in acetic acid (1-10 ml.). 
The mixture was heated under reflux for 1 hr., kept overnight at room temperature, and heated 
for 4 hr. more. On cooling, yellow needles separated [38 mg.; m. p. 328—332° (decomp.)] and 
were filtered off. The precipitate obtained by dilution of the filtrate was collected and washed 
with a little ether, giving a mixed acid fraction (4 mg., m. p. 180—294°) ; recovery from the ether 
washings gave starting material (32 mg.). The yellow needles were purified by precipitation 
from sodium carbonate solution with hydrochloric acid, followed by crystallisation from acetic 
acid, giving 1-methylfluorenone-7-carboxylic acid as light yellow needles, m. p. 330—331° 
(decomp.) (partial sublimation from ca. 250°) [Found: C, 75-4; H, 45%; equiv. (potentio- 
metric), 236. C,;H,,0O, requires C, 75:6; H, 4:2%; equiv. (monobasic), 238]. Light 
absorption in EtOH: max. at 259, 268—269, ~290, 303, and ~325 my (log e, 4-65, 4-78, 3-68, 
3-68, and 3-45 respectively). 

The methyl ester, prepared with diazomethane, crystallised from methanol in yellow needles 
m. p. 173—175° (Found: C, 75-8; H, 4:9. C,sH,,O,; requires C, 76-2; H, 48%). Light 
absorption (in EtOH) : max. at 262-5, 272, 292, 303, and ~317 my (log ¢«, 4-74, 4-84, 3-79, 3-86, 
and 3-28 respectively). Infra-red absorption (carbonyl) : 1706, 1715 cm.-! (Nujol mull); 1716, 
1728 cm. (solution in carbon tetrachloride). 

Decarboxylation of 1-Methylfluorenone-7-carboxylic Acid.—A mixture of the acid (30 mg.), 
copper chromite (33 mg.), and redistilled quinoline (0-6 ml.) was heated at 250-—260° for 1 hr. 
in a stream of nitrogen, then cooled. Concentrated hydrochloric acid (2 ml.) and water (2 ml.) 
were added and the mixture was extracted with ether. The extract was washed with hydro- 
chloric acid, aqueous sodium hydroxide, and water and then evaporated. The residue in light 
petroleum (b. p. 40—60°)—ether (5 : 1) was chromatographed on alumina (9 x 0-4cm.). Elution 
in ultra-violet light with light petroleum gave first a violet-fluorescing eluate. Further elution 
with light petroleum—ether (10 : 1) removed a yellow band, the main part of which gave a solid 
(18 mg.; m. p. 96—98°) on recovery. This crystallised from methanol in yellow needles, m. p. 
97—98°, identical (mixed m. p. and infra-red spectrum) with synthetic specimens of 1-methy]l- 
fluorenone (Found : C, 86-35; H, 5-6. Calc. forC,,H,,0: C, 86-6; H,5-2%). Them. p. (189°) 
of the crude oxime was not depressed on admixture with a synthetic specimen. 

Oxidation of 1: 7-Dimethylfluorenone.—(i) Sodium dichromate (0-23 g.) in 90% acetic acid 
(1-29 ml.) was added to a boiling solution of the fluorenone (124 mg.) in acetic acid (0-90 ml.) in 
ij hr. The mixture was kept at room temperature for 70 hr., heated under reflux for 4 hr., then 
cooled, and the solid A (14 mg.) was collected. The filtrate was heated under reflux for $ hr. 
with more oxidising solution (1-4 ml.) and, after cooling, solid B (4 mg.) was collected. The 
filtrate was diluted. Sublimation at 70° in vacuo of the precipitate and material recovered by 
ethereal extraction of the aqueous mother-liquor gave starting material (54 mg.). 

Solids A and B crystallised from acetic acid in yellow needles, m. p. 328—330° (with 
sublimation and decomp.), not depressed on admixture with 1-methylfluorenone-7-carboxylic 
acid. 

ii) Potassium permanganate (1-00 g.) was added in portions (15 min.) to a solution of 
1 : 7-dimethylfluorenone (208 mg.) in pyridine (1-6 ml.) and water (0-8 ml.) at 100°, small 
amounts of pyridine and water being added at intervals. The diluted mixture was filtered, the 
precipitate being washed with water and acetone. The filtrate and washings were concentrated 
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to remove the acetone, and then acidified with hydrochloric acid. The precipitate was filtered 
off, washed with water, and extracted with cold 0-7N-potassium hydroxide. Starting material 
(13 mg.) remained. 

Acidification of the alkaline extract gave a gelatinous precipitate which, after being washed 
and dried at 100°, formed an orange-yellow powder (155 mg.), m. p. ca. 300—320° (with 
sublimation). It was heated under reflux with toluene (10—15 ml.) for a few minutes and the 
hot toluene was decanted through a filter. The undissolved material and fluffy needles retained 
by the filter were re-oxidised (below). The cooled toluene extract gave yellow needles of 
1-methylfluorenone-7-carboxylic acid (5 mg.), m. p. 328—-330° (decomp.). 

An acetone solution of the residue obtained by removal of the toluene mother-liquor was 
allowed to evaporate slowly. Part of the product formed yellow needles mixed with a number 
of deep red needles. The latter were separated by hand and had m. p. 206—208° (Kofler block), 
depressed on admixture with fluorenone-1l-carboxylic acid, m. p. 197°. They probably consisted 
of 7-methylfluorenone-1-carboxylic acid. 

The toluene-insoluble fractions were crystallised from acetic acid, and the first two fractions 
(121 mg.; m. p. 305—330°) were re-oxidised in dilute sodium carbonate (6 ml.) by dropwise 
addition of 5% aqueous potassium permanganate (3-7 ml.) in 1 hr. at 100°. After cooling, the 
mixture was filtered; the filtrate and water washings were acidified with hydrochloric acid and 
the gelatinous precipitate was separated, washed with water, and dried at 100°. Fractional 
crystallisation of the product (101 mg.) from acetic acid gave (i) 10 mg., m. p. 348—352° 
(decomp.), (ii) 80 mg., m. p. 3835—340° (decomp.), and (iii) 7 mg., m. p. 305—335° (all with 
sublimation). 

Fractions (i) and (ii) consisted mainly of fluorenone-1 : 7-dicarboxylic acid (Found: Equiv., 
130. Calc. for C,,H,O;: Equiv., 134), but the infra-red spectrum suggested that both fractions 
contained a little 1-methylfluorenone-7-carboxylic acid. The m. p. of fraction (i) was not 
depressed on admixture with fluorenone-1 : 7-dicarboxylic acid prepared from retene. 

Fractions (i) and (ii) with methanolic hydrogen chloride gave methyl fluorenone-1 : 7-di- 
carboxylate which crystallised from methanol in yellow plates and needles, m. p. 188—190°, 
identical (mixed m. p. and infra-red spectrum) with specimens prepared from retene and by 
oxidation of synthetic 1 : 7-dimethylfluorenone (Found: C, 68-8; H, 4:2; OMe, 21-15. Calc. 
for C,,H,,0;: C, 68-9; H, 4:1; 20Me, 21-0%). 

The diethyl ester, prepared in an analogous manner, formed yellow plates and needles (from 
ethanol), m. p. 117—118°, identical (mixed m. p. and infra-red spectrum) with an authentic 
specimen prepared from retene (Found: C, 70-2; H, 5-1. Cale. for CygH,,0;: C, 70-4; H, 
50%). 

(iii) 1 : 7-Dimethylfluorenone was recovered (60%) when oxidised with potassium perman- 
ganate (equiv. to 7-6 O) in aqueous sodium hydroxide at 100°. Oxidation with dilute nitric 
acid (cf. Lothrop and Coffman, J. Amer. Chem. Soc., 1941, 68, 2564) gave a neutral nitrogenous 
product which was not investigated. 


Synthetic Compounds. 


1-Methylfluorenone.—(i) Prepared by Lothrop and Goodwin’s method (loc. cit.), 1-methyl- 
fluorenone crystallised from methanol in yellow needles, m. p. 97-5—98-5°. The oxime 
crystallised from ethanol in pale yellow needles, m. p. 195—196° (Found: C, 80-4; H, 5-4. 
C,,4H,,ON requires C, 80-4; H, 5-3%). 

(ii) (a) Benzenesulphonyl chloride (3-8 ml.) was added slowly to a cooled, stirred solution of 
the hydrazide of fluorene-1-carboxylic acid (6-5 g.) (Bergmann and Orchin, J. Amer. Chem. Soc., 
1949, 71, 1111) in pyridine (250 ml.). Then the mixture was kept at room temperature for 3 hr. 
and poured on ice-hydrochloric acid. The precipitated benzenesulphonhydrazide crystallised 
from dilute ethanol (charcoal) in needles (7-95 g.), m. p. 222—-223° (Found: C, 66-1; H, 4-6; 
N, 8:0. Cy 9H,,0,N,.S requires C, 65-9; H, 4-4; N, 7-7%). 

Powdered anhydrous sodium carbonate (350 mg.) was added to this hydrazide (500 mg.) in 
ethylene glycol (5 ml.) at 160°. The mixture was kept at 160° for 1 min., diluted with hot water 
(25 ml.), cooled, and extracted with ether. The recovered material was sublimed in vacuo at 
70—80°, giving fluorene-1-aldehyde (140 mg.), m. p. 79—81°, which crystallised from ethanol in 
needles, m. p. 90° (Found: C, 86-1; H, 5-4. C,,H,,O requires C, 86-6; H, 5-3%). The 
2: 4-dinitrophenylhydrazone formed orange crystals (from nitrobenzene), m. p. 284—286° 
(Found: C, 64:4; H, 3-8. C,9H,,O,N, requires C, 64-2; H, 3-8%). The oxime crystallised 
from light petroleum (b. p. 60—80°) in colourless needles, m. p. 138-5—139° (Found: C, 80-4; 
H, 5-8. C,,H,,ON requires C, 80-4; H, 5-3%). 


4680 Mulholland and Ward : 


(b) The above aldehyde (200 mg.) in acetic acid (5 ml.) was hydrogenated at room 
temperature and pressure over a catalyst prepared in situ from palladium chloride (40 mg.), 
charcoal (200 mg.), and water (1 ml.). After 18 hr. the product was recovered and chromato- 
graphed in benzene (5 ml.) on alumina (5 x 0-8 cm.). Elution with benzene containing 0-5% 
of ether removed a band fluorescing very pale blue in ultra-violet light. Recovery gave 
1-methylfiuorene (160 mg.), m. p. 81—83°, which crystallised from methanol in needles, m. p. 
84—86°. Lothrop and Goodwin (loc. cit.) record m. p. 87°. The 1: 3: 5-trinitrobenzene adduct 
crystallised from ethanol in yellow needles, m. p. 96° (Found: C, 61:3; H, 3:8; N, 10-7. 
C,,H1_,,C,H,O,N, requires C, 61-1; H, 3-8; N, 10-7%). 

(c) Oxidation of 1-methylfluorene (40 mg.) with potassium permanganate (40 mg.) in acetone 
and chromatography of the product, as described for 1 : 7-dimethylfluorenone, gave starting 
material (20 mg.) and 1-methylfluorenone (12 mg.; m. p. 94—95°) which crystallised from 
methanol in yellow needles, m. p. 98° not depressed on admixture with the material prepared 
as in (i). 

Fluorenone-1 : 7-dicarboxylic Acid.—Prepared from retene by Bamberger and Hooker’s 
method (loc. cit.) the acid formed, from acetic acid, yellow crystals which partly sublimed at 
ca. 300° and melted at 350—354° (decomp.) (Found: C, 67:0; H, 3-3. Calc. for C,;H,O;: 
C, 67-2; H, 3-0%). Bamberger and Hooker record that the acid is stable to 270°. ° 

Methyl fluorenone-1 : 7-dicarboxylate, prepared with methanolic hydrogen chloride, 
crystallised from methanol—benzene in yellow needles and plates, m. p. 190—-192° (Found: C, 
69-0; H, 4:1; OMe, 20-7. Calc. for C,,H,,0,: C, 68:9; H, 4-1; 20Me, 21-00%). Recorded 
m. p., are: Bamberger and Hooker, 184°; Lux (Monatsh., 1908, 29, 763), 188—189° (corr.). 
Ethyl fluorenone-1 : 7-dicarboxylate crystallised from ethanol in yellow needles and plates, m. p. 
118—118-5° (Found: C, 70-5; H, 5-0. Calc. for C,,H,,0;: C, 70-4; H, 5-0%). Bamberger 
and Hooker record m. p. 114-5°. 

2-A mino-5-methylbenzoic Acid.—5-Methyl-2-nitrobenzoic acid (m. p. 135—138°, from 
benzene: Giacolone, Gazzetta, 1935, 65, 840) was catalytically hydrogenated in ethanol over 
Raney nickel at room temperature and pressure. 2-Amino-5-methylbenzoic acid crystallised 
from ethanol in needles, m. p. 176—178° (decomp.) (92%). Ehrlich (Berv., 1901, 34, 3366) gives 
m. p. 172-5°; Findeklee (Ber., 1905, 38, 3553) gives m. p. 175°. 

2: 6-Dimethyl-4-ox0-3: 1-benzoxazine.—The above amino-acid (24:9 g.) was added in 
portions in 10 min. to acetic anhydride (60 ml.) at 140°. The mixture was then distilled until 
ca. 50 ml. of distillate were collected. The product obtained by cooling of the residue was 
crushed, filtered, washed with acetic anhydride, and crystallised once from the same solvent, 
giving the benzoxazine (21-95 g.), m. p. 121—122°; a recrystallised specimen (charcoal) formed 
needles, m. p. 125—126° (Found: C, 68-4; H, 5-2; N, 7:7. C,)9H,O,N requires C, 68-6; H, 
6-2; N, 8:0% 

2-Acetamido-2’ : 5-dimethylbenzophenone.—A Grignard reagent prepared from o-bromo- 
toluene (10-6 g.) and magnesium (1-5 g.) in ether (40 ml.) was added dropwise during 1 hr. toa 
stirred solution of the oxazine (10-75 g.) in benzene (155 ml.) cooled in ice-salt. The gummy 
mixture was heated at 30° for 1 hr. and decomposed with dilute sulphuric acid. The material 
recovered from the organic layer by evaporation was steam-distilled. The cooled non-volatile 
fraction was filtered and the solid product was extracted with light petroleum (b. p. 40—60 
150 ml.) containing 1% of methanol. A solid (2-3 g.) remained undissolved. 

The extract was chromatographed on alumina (70 x 3-0 cm.) and eluted with the same 
solvent in ultra-violet ight. A dark band (which preceded a blue band) was eluted and on 
recovery gave the acetamtido-compound (8-6 g.) which crystallised from light petroleum (b. p. 60— 
80°) in very pale yellow needles, m. p. 88—89° (Found: C, 76-6; H, 6-3; N, 5-2. C,,H,,0O,N 
requires C, 76-4; H, 6-4; N, 5:2%). . 

The petroleum-insoluble by-product was purified by dissolution in dilute aqueous sodium 
hydroxide, precipitation from the filtered solution with hydrochloric acid, and sublimation at 
170°/104%mm. The sublimate formed needles of 2-acetamido-5-methylbenzoic acid, m. p. 191— 
193°, after crystallisation from acetone-—light petroleum (b. p. 40—60°) and from ethyl methyl 
ketone (Found : C, 62-5; H, 6-0; N, 7:2. Calc. for C,gH,,O,N: C, 62:2; H, 5:7; N, 7-25%). 
The m. p. of the acetate has been recorded as 193—194° (von Miller and Ohler, Ber., 1891, 24, 
1910). Hydrolysis of the by-product with boiling 70% sulphuric acid for 30 min. gave the free 
acid, m. p. and mixed m. p. 170—173°. 

2-A mino-2’ : 5-diethylbenzophenone.—The crude acetamido-compound (8-6 g.) was hydrolysed 
by 70% sulphuric acid (81 ml.) on thesteam-bath for 3hr. The mixture was cooled, diluted, made 
alkaline with sodium hydroxide, and extracted with ether. The product recovered from the 
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extract was dissolved in hot hydrochloric acid. After filtration from an insoluble gum, the 
cooled solution was made alkaline and the product was recovered in ether. The concentrated 
ethereal extract was passed through a short column of alkaline alumina (B.D.H. activated for 
3 hr. at 250°/17 mm.) and then evaporated, giving the amine as a yellow oil (6-1 g.).. A specimen 
acetylated with 1 : 1 acetic anhydride—acetic acid gave the monoacetate, m. p. and mixed m. p. 
88—89°. 

1 : 7-Dimethylfluorenone.—The above amine (6-1 g.) was dissolved in dilute sulphuric acid 
(15 ml. of concentrated acid and 30 ml. of water) by heat and then diazotised at 0° with sodium 
nitrite (1-90 g.) in water (40 ml.). The diazonium solution was heated at 80° for 4 hr., then at 
100° for $ hr., and cooled. An ethereal extract of the mixture was washed several times with 
1% aqueous sodium hydroxide and then evaporated. A solution of the residue in light 
petroleum (b. p. 40—60°) containing 10% of ether was chromatographed on alumina 
(22 x 4cm.). Elution with light petroleum (b. p. 40—60°)—ether (20: 1) in ultra-violet light 
removed a yellow-brown band which gave | : 7-dimethylfluorenone, m. p. 74—76° (3-23 g.), on 
evaporation. It crystallised from methanol in yellow plates and needles, m. p. 77° (Found: 
C, 86-7; H, 5-6. Calc. for C,;H,,0: C, 86-5; H, 5-8%). Light absorption (in EtOH): max. 
at 264, 262, 276, 289, 300, 316, ~322, and 331 mu (log c, 4-76, 4:96, 3-34, 3-43, 3-48, 3-30, 3-23, 
and 3-22 respectively). 

The oxime crystallised from light petroleum (b. p. 80—100°) in pale yellow needles, m-.p. 
188-5—189-5° (Found: C, 80-8; H, 6-0; N, 6-4. Calc. for C,;H,,ON: C, 80:7; H, 5-9; N, 
6:3%). The 2: 4-dinitrophenylhydrazone crystallised from benzene in orange-red leaflets, 
m. p. 269—270° (Found: C, 64:7; H, 4:3; N, 14:45. Calc. for C,,H,,0,N,: C, 64:9; H, 4-15; 
N, 14:4%). 

Methyl Fluorenone-1 : 7-dicarboxylate.—Oxidation of 1 : 7-dimethylfluorenone with potassium 
permanganate in pyridine followed by further oxidation of the crude product in sodium 
carbonate as described previously gave fluorenone-1 : 7-dicarboxylic acid. After one crystallis- 
ation from acetic acid, the acid, m. p. 345—350° (decomp.), was esterified with methanolic 
hydrogen chloride, giving the methyl] ester which crystallised from methanol—benzene in yellow 
needles and plates, m. p. 189—191° (Found: C, 69-0; H, 4:25. Calc. for C,,H,,0;: C, 68-9; 
H, 41%). 

1 : 7-Dimethylfluorene.—Reduction of 1: 7-dimethylfluorenone (1-004 g.) with hydrazine 
hydrate as described for the 3: 6-isomer by Chardonnens and Wiirmli (Helv. Chim. Acia, 1946, 
29, 922) gave a crude product, m. p. 103—107°. This, in light petroleum (b. p. 40—60°) (40 ml.), 
was chromatographed on alumina (30 x 1-2 .cm.), and eluted with the same solvent. Impurities 
fluorescing blue in ultra-violet light remained at the top of the column. Recovery gave pure 
1 : 7-dimethylfluorene, m. p. 108—108-5° (877 mg.). It crystallised from methanol in plates, 
needles, and curled hair-like needles (Found: C, 92:7; H, 7-2. Calc. for C,;H,4: C, 92-7; H, 
7:°3%). Light absorption (in EtOH): max. at 269, ~275, ~293, ~297, and 304 my (log ¢, 4:44, 
4-33, 3-95, 3-90, and 3-95 respectively). 

The unstable picrate formed orange-red needles, m. p. 85—86°, and could not be 
recrystallised. The 1:3: 5-trinitrobenzene adduct crystallised from ethanol in yellow needles, 
m. p. 98—98-5° (Found: C, 61-8; H, 4:2; N, 10-5. C,;H44,CgsH,;0,N, requires C, 61-9; H, 
4-2: N, 10-3%). 

The authors are grateful to Dr. W. R. Boon, Imperial Chemical Industries Limited, Dyestuffs 
Division, for a gift of retene, to Dr. L. A. Duncanson for determination of the infra-red 


absorption spectra, and to their colleagues for helpful discussion. 
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The Sy Mechanism in Aromatic Compounds. Part VIII.* 


By G. PETER BRINER and JOSEPH MILLER. 
[Reprint Order No. 5446.] 


THE Hughes~Ingold theory of solvent action (jJ., 1940, 956; Tvrans. Faraday Soc., 1941, 
37, 657) as applied to aromatic Sy reactions has been discussed briefly (Miller, Rev. Pure 
and Appl. Chem., 1951, 1, 171) and a preliminary test also reported (Miller, Chem. and Ind., 
1953, 40). For attack by an anion on an electrically neutral reactant, the theory predicts 
that solvent effects are small, and that more ionising solvents retard reaction. The present 
work was designed to test this, by using solvents in which ion-pair formation would not be 
expected to play an important part, and in which polarity and dielectric constant might 
be expected to run parallel. 

The reactions investigated were: (a) sodium 4-chloro-3 : 5-dinitrobenzoate with 
hydroxyl ions in water, and with methoxyl ions in methanol; (0) 1-chloro-2 : 4-dinitro- 
benzene with methoxy] ions in methanol, and in methanol-methyl acetate (1 : 1 v/v). 

Sodium 4-chloro-3 : 5-dinitrobenzoate, though ionic, has no formal charge at the point 
of attack, and in both a mononitro- and a dinitro-series has been shown to fit smoothly 
into a group differing only in the nature of carbonyl substituents, all other members of the 
group being uncharged (Miller, J. Amer. Chem. Soc., 1954, 76, 448; and to be published). 

Leahy and Miller (Chem. and Ind., 1953, 40), reporting on reagents in aromatic Sy 
reactions, showed that the rates of attack by hydroxyl and methoxyl ions in methanol may 
be taken as equal, and therefore the two pairs of reactions may be compared as a series. 
The experimental results are given in the Table. 


Reac- 105, (1. mole sec.!), at temp. 
tion Compound Solvent in parentheses 
1. Sodium 4-chloro-3 : 5-dinitro- H,O 31. 3° 127 201 500 
benzoate (25> (30-2) (35-2) (45-3) 
2. Sodium 4-chloro-3 : 5-dinitro- MeOH 33-7 57- 686 970 _ 
benzoate ) (26-1) (30-2) 
3. 1-Chloro-2 : 4-dinitrobenzene MeOH y 1060 2190 2960 
(15-0) (22-0) (25-0) 
4. 1-Chloro-2 : 4-dinitrobenzene MeOH-MeOAc 25:0fT 688 1208 1460 1855 3080 
(1:1 v/v) (5-6) (7-6) (10-5) (16-4) 


Reaction 10°k», calc. at k,-ratio (MeOH = 1) 
( 0° 50° E (cal.) ¢ logy, B 
0-0907 0-159 17,450 +- 250 9-7 + 0-2 
1 ] 15,500 + 50 9-1, + 0-0, 
1 l 17,450 + 50 11-2, + 0-0, 
40,800 3°44 1-42 14,250 + 150 9-2, + 0-1, 


* Dielectric constant of the solvent, taken from ‘‘ International Critical Tables.’’ 

ft Alinear relation between dielectric constant and mole fractions of methyl acetate and methanol 
being assumed. 
t The probable errors are obtained by the method of least squares, from all runs, and are intended 


+ 


to indicate the fit of the log,,k, against 1/T plot to a straight line. 


The relation between dielectric constant and rate constant is as predicted by theory. 
The results show also that the increase in solvating power is associated with an increase 
in activation energy, accompanied, however, by an increase in the frequency factor. 

In forming the transition state in a more ionising (solvating) medium, there is a relatively 
larger decrease in solvation, and in comparison therefore the activation energy is greater. 
The greater solvation loss appears to be associated also with an increase of entropy. 


Experimental.—Methyl acetate was dried over anhydrous sodium sulphate; the fraction, 
q y I 
b. p. 56—57°, being used. The preparation of other materials and the procedure were 


* Part VII, J., 1954, 1265. 
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described in Part II (Miller, J., 1952, 3550). Two runs were made at each temperature and 
k, was found by a graphical method. 


The authors are grateful for assistance from the Research grant to Australian universities. 


UNIVERSITY OF WESTERN AUSTRALIA, 
NEDLANDS, WESTERN AUSTRALIA. [Received, June 8th, 1954.] 


An Examination of the Ericaceae of Hong Kong. The Occurrence 
of Ursolic Acid. 


By H. R. ArTuHuR and (Miss) W. H. Hut. 
[Reprint Order No. 5494.] 


THE seven indigenous species of Ericaceae of the Colony of Hong Kong are confined to 
two genera, Rhododendron and Enkianthus. The former genus contains the six species 
Rhododendron championae, Hook., R. farrerae, Tate (Azalea squamata, Lindl.), R. simiarum, 
Hance (R. fordiit, Hemsl.), R. stmsii, Planch. (R. calleryt, Planch., R. balfouria, Leveille, 
R. indicum var. stmsti, Maxim., Azalea indica, Sims non Linn.), R. westlandit, Hemsl., and 
R. mucronatum, Don. (R. ledifolium, Don., Azalea mucronata, Bl.). The latter genus is 
represented by only one species, Enkianthus quinqueflorus, Lour. (E. reticulatus, Lindl., 
E. uniflora, Benth., Melidora pellucida, Noron.). 

We reported earlier (J., 1954, 2782) that ursolic acid is present in the leaves of R. simsit. 
With the exception of R. mucronatum, leaves of which we have been unable to obtain, 
the leaves of all the other indigenous species of Ericaceae have now been found to contain 
ursolic acid as the only triterpenoid compound. 

Ursolic acid has been reported before in Ericaceous genera (for a discussion of 
its occurrence in the genus Rhododendron see loc. cit.). Its isolation from Enkianthus 
quingueflorus is the first report of it from this genus; no chemical work, in fact, appears 
to have been carried out on Enkianthus spp. 

Ursolic acid, which has now been reported from nine different species of Rhododendron 
and seems to be the only triterpene acid present therein, appears to be characteristic of 
that genus, and probably of the family as a whole. 


Experimental.—Fresh or dried leaves of all species were extracted by the method given by 
us (loc. cit.) for R. simsit. The crude crystalline ursolic acid was recrystallised to constant m. p. 
and then converted into derivatives by the usual methods. Acidification of the alkaline 
extracts produced negligible amounts of crude ursolic acid. All triterpenoid compounds have 
been characterised by mixed m. p. determinations. M. p.s are corrected. Samples were 
analysed by Dr. Zimmermann, Melbourne. [Rotations are in 1 : 1 MeOH—CHCI, at 23°. 


Yield (% M. p. of M. p. of M.p.of  M.p. of Me 
Plant (leaves) acid acetate Meester ester acetate {a]}p 
E. quinqueflorus { te O30 } 290-292" 294-296" 168-169" 245-246" 467-0" 
. championae ... Dry 0-56 288—291 - 168—169 246—247 + 66-0 
. farverae coon Mer 290—292 a 168—170 246—247 4+65°5 
. Simiarum Fresh 0-60 289—290 294—296 168—170 246—247 +66-0 
. westlandit Fresh 0-30 291—292 — 168—169 245—246 — 
Samples of the acid from all plants gave a red —» violet —» blue —» green colour in the 
Liebermann—Burchardt test. A sample of ursolic acid from FE. quinqueflorus was analysed 
(Found: C, 78-8; H, 10-6. Calc. for Cy,H,,0,: C, 78-9; H, 10-6%). This was characterised 
as acetate (Found: C, 77-0; H, 10-0. Calc. for C,,H;,0,: C, 77-0; H, 10-1%), methyl ester 
(Found: C, 79-0; H, 10-6. Calc. for C;,H;90,: C, 79:1; H, 10-7%), and methy] ester acetate. 
Other experimental results are summarised in the Table. 


The authors thank Professor J. E. Driver for his interest and Mr. H. C. Tang (Government 
Herbarium, Hong Kong) for the identification of plant material. 


UNIvERSITY oF Hone Kone, Hone Kona, [Received, June 26th, 1954.] 
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The Dismutation of Bisdiphenylmethyl Ether by Deuterium Perchlorate. 
By G. BApDDELEY and P. G. NIELD. 
[Reprint Order No. 5528.] 


In a previous communication (J., 1953, 3726) it was suggested that dismutation of the 
ether in benzene by perchloric acid might involve transfer of hydride ion. It was 
recognised that since this mechanism (i), in contrast to the alternative (ii), requires the 
hydrogen atoms of the methylene group in the resulting diphenylmethane to be those which 
were initially attached to the carbon atoms of the >CH:O-CH< group, evidence of 
mechanism might be obtained by application of isotopically marked hydrogen atoms. 
This evidence has now been obtained and is compatible with (i). 


H 
+ 


Ph,CH—O—CHPh, Pa,C— CHPh, 


Chis | 


H H 
Pho O urn, a Ph,C:OH + Ph,CH, 

The dismutation of the ether as described by Burton and Cheeseman (/J., 1953, 986) 
was repeated by using as catalyst a solution (80%) of deuterium perchlorate in deuterium 
oxide. The catalyst was prepared by protracted interaction of deuterium oxide and a 
solution of chlorine heptoxide in carbon tetrachloride (Meyer and Kessler, Ber., 1921, 54, 
566, but reading 82 g. as 8-2 g. of 70% perchloric acid) and volatilising the organic solvent. 
A mixture of the ether (0-05 mole), deuterium perchlorate (0-05 mole), and benzene (50 c.c.) 
was gently refluxed for 5 hr. and gave diphenylmethane ‘which, by infra-red analysis, did 
not contain deuterium. 

This result would have little significance should the catalyst exchange hydrogen with 
the solvent benzene at a rate comparable with that of the dismutation. This possibility 
was excluded by demonstrating that the catalyst was rich in deuterium at the end of the 


experiment. 
We are indebted to Dr. Meakins for the infra-red analyses. 


FACULTY OF TECHNOLOGY, MANCHESTER UNIVERSITY. [Received, July 6th, 1954.) 


The Heat of Solution of Aluminium Iodide. A Correction. 
By D. J. A. Dear and D. D. ELEy. 
[Reprint Order No. 5534.] 


ELey and Watts recently (J., 1954, 1319) published a value 0, = 135 + 0-8 kcal. mole 
for the heat of solution of AlI,(c) in 2N-hydrochloric acid or water. This was very much 
larger than the two previous values of 89-0 and 89-9, but since analysis had established that 
the sample of aluminium iodide used was ca. 99-5°%, pure, and there were adequate checks 
on the accuracy of the calorimeter, the result was accepted and published. In the mean- 
time Professor J. D. Corbett, of Iowa State College (personal communication), pointed out 
that this value for Q;, combined with his own recent value for AG;° for AllI,(c) (Corbett 
and Gregory, J. Amer. Chem. Soc., 1954, 76, 1446), leads to a value of 193 cal. deg.-1 mole! 
for the standard entropy, which seems impossibly high. We have accordingly carried out a 
further five calorimetric runs at 25°, using three new samples prepared from the elements 
by Mr. J. D. Coombes of this laboratory. The runs were carried out in water, and the 
result and calculated probable error was Qs = 91-4 + 1-5 kcal. mole} (25°). 
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Comparing this with Berthelot’s value of 89-0 at 9° (Landolt—Bornstein, ‘‘ Tabellen,”’ 
Vol. II, p. 1554) we find a difference of 2-4 kcal. It is possible to estimate that the 
difference in temperature might give rise to a difference of 2-2 kcal. by using values of 
C,° = —20 cal. deg.“! mole“ for Al***(aq.) (estimated), C,° = —31-0 cal. deg.“! mole“ for 
I-(aq.) (Selected Values of Chemical Thermodynamic Properties, National Bureau of 
Standards, Circular 500), and C,° = 23-9 cal. deg. -1 mole"! for All, (Fischer, Z. anorg. Chem., 
1931, 200, 332). 

The new result is therefore in satisfactory agreement with earlier values. Seeking an 
explanation of Eley and Watts’s value, we conclude that by an accident a storage ampoule 
of aluminium bromide had been taken for one of the iodide. A consideration of the seven 
values of the heats of solution (H. Watts, Thesis, Bristol, 1952) shows that these lie on 
exactly the same straight line (heat vs. wt.) as do those for the bromide. However, a 
check has established that the aluminium iodide—N-base complexes were not confused with 
bromides, so that taking the Qs values of Eley and Watts for these complexes, together 
with the above value of 91-4 for the iodide, we derive values for the dissociation energy of 
the complex in the condensed phase, D., kcal. mole? 


C;H;N,All;, De = 31°5. Me,N, Alls, De = 331. 


For NH,,AlI, we revert to the D. value of 32 given by Klemm, Clausen, and Jacobi 
(Z. anorg. Chem., 1931, 200, 367). The corrected value for C;H;N,AlI, should also be 
inserted in Eley and Watts’s paper, p. 23 in “ Cationic Polymerisation and Related 
Complexes ”’ (ed. P. H. Plesch, Heffer, Cambridge, 1953). 

Since the heat of mixing of All,(c) with excess of pyridine is 70-1, we must now conclude 
that in mixing, more than one molecule of pyridine is co-ordinated to aluminium iodide. 

For consistency we calculated changes in derived quantities using other data as used by 
Eley and Watts on the pages of their paper indicated in parentheses: Q¢, 75-0 kcal. mole} 
(p. 1321); * bond energy E(Al-I), 61 kcal. mole (p. 1323); reorganisation energy K(AI-I) 
(planar —» tetrahedral), 49-7 (p. 1324). With these values we now correct values in 
Table 2 (p. 1323). Deg is the dissociation energy of the solid complex into gaseous 
components, L, the sublimation energy of the solid complex, and D(N->Al) the dissociation 
energy of the gaseous complex giving All, in the tetrahedral state, all values being in 
kcal. mole: 

Complex : D(N->Al) + LZ, 
I a ste tivines ans dacon cary eles 33: 113 


Me,N,All, 112 
NH,.All; . 105 


It is now no longer possible to conclude that the energy quantity in the last column 
remains constant; there seems to be a decrease over the series C;H;N > Me,N > NH3. 
Referring to the other data in Eley and Watts’s paper, there appears to be an even more 
marked decrease, for a given N-base, over the series AlCl, > AlBrz > Alls. A probable 
lower limit for D(N->Al) for the complexes examined is nearer 80 than 90 kcal. as given 


previously. 
We thank Professor Corbett for his communication and Mr, Coombes for his help in this work, 


CHEMISTRY DEPARTMENT, UNIVERSITY OF BRISTOL, sinitaati dit 7th, deiisser 


* If we use the Q; for Al***(aq. (given in the Selected Table of Chemical Thermodynamic Properties, 
Nat. Bur. Stand., Circular 500) we obtain Q; = 74-1 kcal. mole for AlI,(c). 


4686 Notes. 


Infra-red Spectra of Certain Quinone Diazides. 
By R. J. W. Le Févre, J. B. Sousa, and R. L. WERNER. 


[Reprint Order No. 5549.] 


ANDERSON, LE FEVRE, AND WILSON (J., 1949, 2082) considered the dipole moments of a 
number of so-called diazophenols and diazonaphthols to be consistent with their being 


ow + + - 
resonance hybrids, e.g., O-CgH,-N=N <> O=C,H,=N=N. Further evidence is now avail- 
able from the infra-red absorption spectra (recorded in paraffin mulls with rock-salt optics 
on a Perkin-Elmer 12C Spectrometer) of the seven representative compounds (I)—(VII). 


N, N, 
tI 1 
ZO 


No, |! 


VAN, 


(V) 


No, 
O 
(II) 
2173 cm.-! 
1618 cm." 


N; 


O\/\ 

Ag 
No, 
(VI) 


*\4 


(IIT) 
2157 cm." 
1562 cm." 


2014 cm.7! 
1618 cm." 


O 
nm AK 
gt ae 
: on 
W\4 


(VII) 


as 


2148 cm.~ 
1610 cm. 
1618 cm.*! 


2015 cm." 
1642 cm! 


2017 cm. 
1622 cm.“ 


Of the bands observed only those relevant to the present question are noted beneath the 
formule; all are “ strong ’’ except those at 1610 and 1618 cm.! for (VII). For comparison 
(VIII) and (IX) have also been examined. 

The occurrence throughout (I) to (VIII) of absorption, suggestive of triple bonds, in 
the 4-u region, supports the rejection of cyclic formulations [based on (IX) with O for S] 
for the “ ortho ’’-derivatives (I), (III), (V), (VI), and (VII); in contrast benzo-1-thia-2 : 3- 
diazole, being transparent around 2000 cm."}, is probably correctly represented by (IX). 


. ry - Pa T 
CoHsN,* | BF,- | Yr (IX) 


WAs/N 


1542 cm.~! (medium) 


(VIII 
2296 cm.-' (medium-strong) 


The feature at 2296 cm.~ in the diazonium borofluoride (VIII) shows what may be expected 
for the -*N=N group; previous work (Le Févre, Q’Dwyer, and Werner, Austral. J. Chem., 
1953, 6, 341) indicates that -N=N-, if it displays itself in the infra-red at all, does so at 
much lower frequencies. Analogous results have been reported for diazomethane 
(CH,=N*=N- ~ ~CH,-N*=N) where N-N stretching has been recognised at 2101 cm.7} 
(Ramsay, J. Chem. Phys., 1949, 17, 666; Crawford, Fletcher, and Ramsay, 2bid., 1951, 19, 
406) and for sundry azides (R-N=N*=N- <> R-N--N?*=N) where absorption is listed as : 
HNsg, 2141 cm.+; MeN, 2141 cm.-!; DNg, 2105 cm.1; by Randall, Fowler, Fuson, and 
Dang] (‘‘ Infra-red Determination of Organic Structures,’ van Nostrand and Co. Inc., 
New York, 1949). Methyl azide gives a Raman displacement of 2104 cm. (Otting, 
“ Der Raman-Effekt,’”’ Springer, Berlin, 1952, p. 44). 

The lower frequencies written beneath formule (I)—(VII) are of the order of those due 
to ketonic groups in the simpler tropolones (Koch, J., 1951, 512; Haworth and Hobson, 
thid., p. 561; Scott and Tarbell, J. Amer. Chem. Soc., 1950, 72, 240) or in the ‘‘ conjugated 
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chelates ’’ of Rasmussen et al. (J. Amer. Chem. Soc., 1949, 71, 1068). The four “ parent ” 
quinones to substances (I)—(VII) are known to have bands within the limits 1667 and 
1678 cm."} (Josien, Fuson, Lebas, and Gregory, J. Chem. Physics, 1953, 21, 331; cf. also 
Flett, J., 1948, 1441), but the effects of resonance between the N, and the ring, and of the 
contribution of fully dipolar forms should both operate to reduce the voo in the quinone 
diazides. The former cause (conjugation) is well documented : the influence of the latter 
may be inferred from the facts that the introduction of o-amino-groups into benzoic or 
naphthoic acids diminishes the ketonic frequency by 15—25 cm.*! (Flett, J., 1951, 962) and 
that metal carboxylates and zwitterionic amino-acids absorb at 1613—1575 cm. and 
1613—1562 cm. respectively (Randall e¢ al., op. cit., p. 4). Consistently with this, 
“ azibenzil ”’ (CgH;*CO-CN,°C,H;) exhibits strong bands at 2073 and 1619 cm.-}. 

We conclude, therefore, that, in the diazophenols and diazonaphthols, (a) the linkage 
between the two nitrogen atoms is of between double and triple bond type and (d) the 


CO group is modified in the sense C—O. These views are in harmony with those of 
Anderson, Le Févre, and Wilson (loc. cit.). 


UNIVERSITY OF SYDNEY. 
N.S.W. UNIVERSITY OF TECHNOLOGY. [Received, July 12th, 1954.] 


The Gray and Cruickshank Method of Calculating Diamagnetic 
Susceptibility of Organic Molecules. 
By C. M. Frencu and D. Harrison. 
(Reprint Order No. 5554.] 


THE method devised by Gray and Cruickshank (Trans. Faraday Soc., 1935, 31, 1491) 
differs from Pascal’s purely empirical one (Bull. Soc. chim., 1911, 9, 6 and subsequent 
papers) in employing certain “ theoretically ’’ calculated quantities, 1.e., ionic suscepti- 
bilities and residual charges. Certain defects in this method were indicated by Angus 
(Ann. Reports, 1941, 38, 39) and by Sugden (/., 1943, 328). More recently, Pacault (Rev. 
Sct., 1948, 86, 38) stated that whatever values are taken for the ionic susceptibilities and 
residual charges, the same value is obtained for the susceptibility of an unknown compound, 
provided that the bond depressions are suitably adjusted. Pacault does not mention one 
important fact which would result if this were strictly true, namely, that as a particular 
case, all the ionic susceptibilities could be taken as zero. The original Gray and 
Cruickshank method would then become simply an involved way of obtaining the results 
of a system of additive bond susceptibilities, built up with the same reference compounds. 
It is well established that such a system is inadequate to deal with even quite simple organic 
structures, apart from having no theoretical justification. 

We have investigated this matter in detail for the cases of normal organic compounds 
whose formule do not invoive ionic or co-ordinate linkages, and have reached the following 
conclusions : (a) Pacault’s statement is true only in a limited number of cases, determined 
by a close structural relation between the compound studied and the reference compounds 
used in determining the particular bond depressions needed. Suppose, for instance, that 
the C=O, C—O, and O-H bond depressions are obtained from acetone, dimethyl ether, and 
methyl alcohol respectively. Then Pacault’s statement is true for all aliphatic ketones, 
and all m-alcohols, but not for any aldehydes or carboxylic acids. (b) Where the suscepti- 
bility does depend on the values taken for the charges and ionic susceptibilities, the 
differences produced by reasonable changes in these values are very small. For instance, 
in the case of acetic acid, taking all the ionic susceptibilities as zero instead of the Pauling 
values produces a change of less than 1°% in the calculated molecularsu sceptibility. 
(c) The Gray and Cruickshank method does not predict the differences in the susceptibilities 
of certain types of isomers, well established experimentally by the work of Angus and Hill 
(Trans. Faraday Soc., 1943, 39, 197), Trew (Trans. Faraday Soc., 1953, 49, 604), and many 
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other workers. The particular types of isomers concerned are branched-chain hydro- 
carbons and aliphatic alcohols. In such cases, alteration of the values of the ionic 
susceptibilities or charges will not rectify this inadequacy. The same is true of the applic- 
ation of the method to aromatic compounds, polymethylene rings, etc. This applies 
particularly to the modified form of the method studied by Anantakrishnan (Proc. Indian 
Acad. Sci., 1945, 21, A, 114) whose numerical calculations, however, we are unable to 
reproduce. 

It is concluded that for the purpose of obtaining a reliable value of the susceptibility of 
an organic molecule, for use in structural studies, the Gray and Cruickshank method (or 
any simple modification of it) has no advantage over the Pascal system, and in several 
respects is definitely inferior to it. 

Whilst it is undoubtedly desirable to take account of the polarity of the various linkages 
in a molecule, the Gray and Cruickshank method of calculation is not a satisfactory way of 
doing this, and its further use in structural investigations appears of very doubtful value. 


CHEMISTRY DEPARTMENT, 
QUEEN Mary COLLEGE, Lonpon, E.1. (Received, July 15th, 1954.) 


12-Oxygenated Pregnane Derivatives. Part IV.* 
21-Acetoxy-17«-hydroxypregn-4-ene-3 : 12: 20-trione, 


By (Mrs.) W. J. Apams, D. K. PATEL, and V. PETRow. 
[Reprint Order No. 5559.] 


In Part II (Adams, Kirk, Patel, Petrow, and Stuart-Webb, /., 1954, 2209) an attempt 
to prepare 21-acetoxy-17«-hydroxypregn-4-ene-3 : 12 : 20-trione (IV ; R = O) from hecogenin 
was recorded. No difficulty was experienced in transforming the genin into 2l-acetoxy- 
17«-hydroxyallopregnane-3 : 12 : 20-trione, but conversion of the latter into the 4: 5-ene 
by conventional bromination—dehydrobromination procedures proved impossible. A partial 
synthesis of the required compound from 21]-acetoxy-3« : 12« : 17«-trihydroxypregnan-20- 
one (I), previously obtained from deoxycholic acid (Part I, Adams, Patel, Petrow, and 
Stuart-Webb, J., 1954, 1825), is now reported. 


CH,OAc CH,-OAc SH,*OAc 
HO CO O CO 
| Mel_.- Me R Me|__. 
ase A Na 


} 
HO 


Partial oxidation of the alcohol (I) with N-bromoacetamide to the 3-oxo-derivative 
(Il; R = «-OH), followed by monobromination, gave 2l-acetoxy-4-bromo-12« : 17«- 
dihydroxypregnane-3 : 20-dione (III; R = «-OH) (Part I, loc. cit.). Cautious oxidation 
of the last compound with chromic acid under conditions which leave the ketol side chain 
intact (Lieberman, Katzenellenbogen, Schneider, Studer, and Dobriner, J. Biol. Chem., 
1953, 205, 87), however, gave 2l-acetoxy-17«-hydroxypregnane-3 : 12 :; 20-trione (II; 
R =O) as main product, together with the required 48-bromo-ketone (III; R =O) in 
small amount. The unexpected loss of halogen observed during this reaction appears to 
be connected with the polar effect exerted by the 12-oxo-group on the 48-bromo-3-oxo- 
system. Thus we find that methyl 12«-acetoxy-4-bromo-3-oxocholanate is recovered 
unchanged after similar treatment with chromic acid, whilst the 12«-hydroxy-compound 


* Part III, J., 1954, 2298. 
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passes smoothly into a mixture of diketones in which the bromine-free product again 
predominates. 

The difficulty thus encountered was overcome in two ways. First, the compound (I) 
was carefully oxidised to 21-acetoxy-17«-hydroxypregnane-3 : 12 : 20-trione (II; R = O), 
which was converted into the 48-bromo-derivative (III; R =O) and thence by dehydro- 
bromination via the semicarbazone into 2l-acetoxy-17«-hydroxypregn-4-ene-3 : 12 : 20- 
trione (IV; R=O). Alternatively, the compound (I) was transformed into 2l-acetoxy- 
12a : 17«-dihydroxypregn-4-ene-3 : 20-dione (IV; R = a-OH) (Part I, loc. cit.), which was 
converted into the trione (IV; R = O) by careful oxidation. The overall yields, however, 
were disappointingly low. 


Experimental.—Optical rotations were measured in CHCl, solution in a 1-dm. tube. 

21-Acetoxy-1Ta-hydroxypregnane-3 : 12: 20-trione (II; R=O). 21-Acetoxy-12«: 17«-di- 
hydroxypregnane-3 : 20-dione (2 g.) in acetic acid (125 ml.) was treated with chromium trioxide 
(60 ml. of 1-5% solution in 95% acetic acid) for 3 hr. at room temperature. The solution was 
then diluted with water, and treated with sodium dithionite (hydrosulphite) solution, and the 
products were extracted with ether. The neutral fraction crystallised from acetone—hexane, 
yielding 21-acetoxy-17a-hydroxypregnane-3 : 12 ; 20-trione, m, p. 156°, [a] + 76° (c, 0-4312) 
(Found: C, 68-0; H, 8-0. C,,H,,0, requires C, 68-3; H, 7-9%). 

21-Acetoxy-48-bromo-17«-hydroxypregnane-3 : 12: 20-trione (III; R =O) was prepared 
by treating a solution of the foregoing compound (500 mg.) in acetic acid (22 ml.) with bromine 
(1:32 ml. of 0-986m-solution in acetic acid) portionwise during about 2 min. The decolorised 
solution was immediately diluted with water and extracted with ether, which was washed 
successively with water, sodium hydroxide solution and water, and dried. Removal of the ether 
furnished a crystalline bromo-derivative, m. p. ca. 174—176°, which was used immediately 
for the next stage. 

21-Acetoxy-17a-hydroxypregn-4-ene-3 : 12 : 20-ivione (IV; R= O). (a) The foregoing crude 
bromo-derivative in acetic acid (100 ml. of 98%) was heated at 70° under nitrogen for 2 hr. with 
semicarbazide hydrochloride (480 mg.) and sodium acetate (480 mg.), after which pyruvic acid 
(8 ml.) in water (16 ml.) was added and heating at 70° maintained for a further 2 hr. After 
dilution with water the product was extracted with ether, and the neutral fraction crystallised 
from acetone-hexane. 21-Acetoxy-17«-hvdroxypregn-4-ene-3 : 12: 20-trione formed needles, 
m. p. 189-5—190-5°, []?0° +.125° (c, 0-406), Amax, 238 my (4-23) (Found: C, 68-2; H, 7-5. C.3H 90, 
requires C, 68-7; H, 7:5%). The compound was recovered unchanged after heating with acetic 
anhydride. 

(b) 21-Acetoxy-12« : 17x-dihydroxypregn-4-ene-3 : 20-dione (IV; R = «-OH) (250 mg.) in 
acetic acid (16 ml.) and chromium trioxide (6-7 ml. of 1-5°% solution in 95% acetic acid) was left 
at room temperature for 3 hr., after which it was diluted with water and treated with aqueous 
sodium dithionite, and the product extracted with ether. The neutral fraction, on purification 
from acetone-hexane, furnished (IV; R = QO), m. p. 189-5—190-5°, alone or in admixture with 
a sample prepared as under (a). The identity of the two materials was further confirmed by 
comparison of the infra-red absorption spectra, kindly determined by Dr. A. E. Kellie, Courtauld 
Institute of Biochemistry. 


The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
these results. 
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Addition of the Amino-radical, *-NH., to Benzene, Toluene, and 
cycloHexene. 


By H. Seaman, P. J. TAYLoR, and WILLIAM A. WATERS. 
[Reprint Order No. 5568.] 


Davies, Evans, and HIGGInson (/., 1951, 2463) have shown that the free amino-radical, 
*NH,, can be produced in aqueous solution by the reduction of hydroxylamine with titanous 
salts. They found that this reacting mixture attacked emulsified benzene to give, in small 
amounts, an unstable oil which was not aniline and which when boiled with dilute acid 
decomposed yielding diphenyl. Consequently they suggested that -NH, radicals can add 
to benzene to give a radical, *CgHg*NHg, which then dimerises to a di(aminocyclohexadieny]) 
(I). 

We have examined more closely the unstable product of this reaction between -NH, 
radicals and benzene. It is a base which decomposes slowly at room temperature, and more 
rapidly when warmed, yielding ammonia and aniline as well as diphenyl. It is unsaturated, 
catalytic reduction decomposes it to ammonia, aniline, and, probably, benzene amongst 
other products, and from its reactions it appears to contain diaminocyclohexadiene (e.g., 
II) as well as the dimer (I). Solid derivatives, other than those of its decomposition pro- 
ducts, could not be obtained pure and this failure can be ascribed to the fact that both acids 
and bases would easily convert (I) into diphenyl and (II) into aniline. 


Tet X b> (Hala 


nu’ \cH=cH” NH, ———CH:NH, 
(If) (IIT) 


ee." : 
A-H + H,NS) CH=CH\,, oy + °B CH: 
a a we Y 
EO 


Toluene gave traces of a similar product, and not benzylamine, indicating that the 
‘NH, radical does not dehydrogenate the methyl group but preferably attacks the aromatic 
nucleus. 

Emulsions of cyclohexene also yielded a basic oil, the most volatile fraction of which 
proved to be cyclohexylamine. In this case therefore it seems that the initial radical 
adduct (III) can be further reduced by the titanous salt. Oct-l-ene and non-l-ene were 
too sparingly soluble in water to give isolable amounts of reaction products. 


Experimental.—Reaction with benzene. To benzene (50 ml.), emulsified by rapid stirring 
with water (200 ml.) in a nitrogen atmosphere, were simultaneously added during 45 min. 
N-hydroxylamine hydrochloride (250 ml.) and ca. 0-9N-titanous chloride, in just sufficient 
amount for complete oxidation (calc. about 80% conversion into reacting NH, radicals). After 
separation of the benzene layer, which contained no other product, boric acid (30 g.) was added 
and then sufficient aqueous ammonia (150 ml.; d@ 0-88) to precipitate all the Ti** in a form that, 
after settling for }—1 hr., could be filtered off at the pump. Without the addition of boric 
acid the precipitated titanic hydroxide was far too gelatinous for successful filtration. To the 
pale yellow filtrate, which darkened on storage, and when fresh gave a negative bleaching- 
powder test for aniline, sodium hydroxide solution (100 ml.; 40%) was added. Extraction with 
cold ether (12 x 60 ml.), and evaporation of the extract without undue heating, gave an oil 
(0-8 g.) having the reactions of a primary aliphatic amine (carbylamine test; N, with HNO, 
but no coupling). After storage for 2 weeks it smelled strongly of ammonia, contained much 
aniline (preparation of tribromoaniline and benzanilide), and had deposited some diphenyl 
(m. p. and mixed m. p. 69°). Diphenyl] distilled in steam when either an acid or an alkaline 
solution of the original reaction product was boiled; the boiled solutions with bromine gave 
heavy precipitates of tribromoaniline and coupled with 8-naphthol to form phenylazo-6-naphthol. 
The freshly prepared oil immediately decolorised cold aqueous permanganate and, in alcohol, 
absorbed hydrogen at room temperature and pressure in the presence of Raney nickel. The 
hydrogenated product contained free ammonia and aniline and gave a colour test for benzene 
(Lansing, Ind. Eng. Chem. Anal., 1935, 7, 184). Attempts to prepare solid derivatives of the 
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basic oil yielded products which decomposed when warmed in solvents. The freshly prepared 
alkaline solution of the reaction mixture (250 ml.) gave a pale yellow precipitate (3-5 g.) when 
treated with a 1% solution of salicylaldehyde. This could be dried (m. p. 143—147°) [Found, 
C, 76-5; H, 6-1; N, 7-9. Calc. for C,,H,,O,N,, the disalicylidene derivative of (I): C, 78-5; 
H, 6-1; N, 7-1. Calc. for C,9H,,0,N,, the disalicylidene derivative of (II): C, 75-5; H, 5-7; N, 
8-8%) but decomposed when warmed in alcohol. It was not salicylaldazine (m. p. 213°) and hence 
the free ‘NH, radicals have not combined extensively to form hydrazine. 

Reaction with toluene. This gave a similar aliphatic base (0-5 g.) from which an unstable 
salicylidene derivative, m. p. 174° (decomp.), was obtained. After boiling, solutions of the 
reaction product contained p-toluidine (preparation of N-phenyl-N’-p-tolylurea, m. p. and mixed 
m. p. 213°, and of benzo-p-toluidide). 

Reaction with cyclohexene. Reaction on a similar scale gave 8 g. of a reddish-brown oil 
which evolved nitrogen on treatment with nitrous acid, leaving a reddish residue which gave a 
positive Liebermann test for a nitrosamine. Reaction with benzil gave no indication of the 
presence of 1: 2-diamine. Distillation gave, at 31°/13 mm. (130°/1 atm.), about | g. of cyclo- 
hexylamine, which was identified by reaction with a-naphthyl isothiocyanate, the product 
(m. p. 142°) being identical with that from cyclohexylamine made by reduction of cyclohexanone 
oxime (Baeyer, Annalen, 1894, 278, 103) (Found, for N-cyclohexyl-N’-«-naphthylthiourea : 
C, 71:8; H, 6-9; N, 9-7; S, 11-5. Calc. for C,,H,N,S: C, 71:8; H, 7:0; N, 9-9; S, 11-3%). 
At 120—130°/13 mm. a yellowish oil (1-3 g.) distilled; this contained a little cyclohexylamine 
but also gave reactions of asecondary amine. Pure crystalline derivatives could not be obtained. 
The involatile residue was a brownish polymer, m. p. about 75°. It may be suggested that 
these less volatile materials are dimers and polymers of the radical (III). 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, July 17th, 1954.) 


Ethyl 6-Acetylindane-1-carboxylate. 


By V. AskAM and W. H. LINNELL. 
[Reprint Order No, 5583.] 


DurRING work on the preparation of analogues of cortical hormones, the Friedel—Crafts 
reaction of acetyl chloride on ethyl indane-l-carboxylate was investigated. A crystalline 
ketone separated from the product, a liquid distilling over a wide range of temperature. 
When oxidised with nitric acid the ketone gave trimellitic acid, indicating it to be either 
ethyl 5- or 6-acetylindane-l-carboxylate. Hydrolysis and Clemmensen reduction con- 
verted the ketone into an ethylindane-1l-carboxylic acid, not identical with 5-ethylindane- 
l-carboxylic acid prepared by Clemmensen reduction of 5-ethyl-3-oxoindane-l-carboxylic 
acid (Askam and Linnell, /., 1954, 2435). The structure ethyl 6-acetylindane-1- 
carboxylate was confirmed by the following method. The oxime was subjected to the 
Beckmann transformation, and the resulting acetamido-compound converted into the 
phenolic acid by hydrolysis and diazotisation. The phenolic acid and its acetate were 
identical with authentic specimens of 6-hydroxy- and 6-acetoxy-indane-l-carboxylic 
acid, prepared from 6-methoxy-3-oxoindane-l-carboxylic acid (Askam and Linnell, 


loc. cit.). 


Experimental.—6-Methoxyindane-1-carboxylic acid. 6-Methoxy-3-oxoindane-1-carboxylic 
acid (42 g.) was reduced by the Clemmensen method, with amalgam prepared from zinc wool 
(100 g.) with 5% mercuric chloride solution (200 ml.), and 12% hydrochloric acid (1-51.). After 
6 hr. the mixture was filtered. Water (700 ml.) was added to the residual amalgam, and the 
mixture boiled and filtered. This procedure was repeated with more water (400 + 200 ml.). 
When the combined filtrates were cooled, a solid (32 g.) was deposited. This crystallised from 
water (2300 ml.) (charcoal), to give 6-methoxyindane-l-carboxylic acid as colourless needles 
(30 g.), m. p. 110—111° (Found: C, 68-5; H, 6-2; MeO, 16-3. C,,H,,0, requires C, 68-7; 
H, 6:3; MeO, 16-1%). The p-nitrobenzyl ester crystallised from methanol as yellow prisms, 
m. p. 82-5—83-5° (Found: C, 66-0; H, 5-5; N, 4:2. C,,H,,0;N requires C, 66-1; H, 5-2; 
N, 4:3%). 

6-Hydroxyindane-l-carboxylic acid. 6-Methoxyindane-l-carboxylic acid (3-0 g.), acetic 
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acid (10 ml.), and 48% aqueous hydrobromic acid (15 ml.) were heated under reflux for 4 hr., 
then cooled and filtered, and the residue was heated under reflux for 30 min. with water (20 ml.) 
and a little charcoal. The solution was filtered and, on cooling, gave 6-hydroxyindane-1- 
carboxylic acid as colourless needles, m. p. 170—171°, unchanged on crystallisation from benzene- 
alcohol (Found: C, 67-7; H, 5-7. Cy jH,)O; requires C, 67-4; H, 5:7%). The acetate was pre- 
pared by Chattaway’s method (J., 1931, 2495), the crude product (1-0 g.) being crystallised by 
adding to a warm solution in 10% acetic acid sufficient glacial acetic acid to give a solution which 
was clear at room temperature. When this was chilled overnight, the acetate crystallised as 
colourless needles, m. p. 83-5—84-5° (Found: C, 65-5; H, 5-4. Cy ,,.H,,O,4 requires C, 65-5; 
H, 5:5%). 

5-Ethylindane-1-carboxylic acid. The crude semicarbazone (3-25 g.) of 5-ethyl-3-oxoindane- 
1-carboxylic acid (Askam and Linnell, Joc. cit.) was refluxed for 30 min. with concentrated hydro- 
chloric acid (125 ml.). The solution was extracted with ether, and the ethereal solution dried 
(Na,SO,) and evaporated. The viscous residue was heated under reflux for 6 hr. with water 
(130 ml.), concentrated hydrochloric acid (65 ml.), and amalgam from 20 g. of granulated zine 
with 5% mercuric chloride solution (40 ml.), The mixture was cooled and filtered, the residue 
dried and dissolved in ether (150 ml,), and the zinc removed by filtration. The ethereal solution 
was passed through charcoal, and the ether distilled off, leaving a colourless crystalline residue 
(1-2 g.), This crystallised from agueous—alcohol to give 5-ethylindane-1-carboxylic acid, colourless 
needles, m. p. 103-5—104° (Fouud: C, 75-5; H, 76%; equiv., 192-6. C,,H,,0O, requires 
C, 75-8; H, 7:-4°%; equiv., 190-2), The p-toluidide crystallised from aqueous—alcohol as plates, 
m. p, 160—161° (Found: C, 82:0; H, 7-4; N, 485. C,,H,,ON requires C, 81:7; H, 7:6; 
N, 5:0%). 

Ethyl indane-1-carboxylate. Indene-1-carboxylic acid (50 g.) was hydrogenated in absolute 
alcohol (700 ml.) at atmospheric pressure by use of Adams catalyst (1 g.) (uptake ca. 100% in 
19 hr.). The catalyst was filtered off, and the filtrate heated under reflux for 3 hr. whilst a 
stream of dry hydrogen chloride was passed in. Approx. two-thirds of the alcohol was removed 
by distillation, and the residue poured into water and extracted with ether. The ethereal 
solution was washed with sodium hydrogen carbonate solution and with water, then dried 
(Na,SO,) and fractionally distilled to give ethyl indane-1-carboxylate (50 g.), b. p. 144°/20 mm., 
n} 1-5143 (Found: C, 76-2; H, 7-6, C,.H,,O, requires C, 75-8; H, 7-4%). 

Ethyl 6-acetylindane-1-carboxylate. Anhydrous aluminium chloride (100 g.) was added to a 
stirred mixture of ethyl indane-l-carboxylate (50 g.), acetyl chloride (26 g.), and carbon di- 
sulphide (500 ml.). A vigorous reaction occurred and a heavy oil separated. When the reaction 
had subsided, the mixture was warmed for 2 hr., with stirring, under gentle reflux. The carbon 
disulphide was then removed, and the residue mixed with ice and dilute sulphuric acid and then 
extracted with ether. The ethereal solution was dried (Na,SO,) and distilled. After the ether 
had been removed, the whole of the distillate (b. p. up to 190°/4 mm.) was collected in one 
fraction (50 g.) as a viscous yellow liquid. The large colourless prisms, which were deposited 
from the liquid when chilled overnight, were filtered off, washed with light petroleum (b. p. 
40—60°), and crystallised from ether, by cooling in acetone—solid carbon dioxide to give ethyl 
6-acelylindane-1-carboxylate as small colourless crystals, m. p. 43—44° (Found: C, 72-5; H, 7-0. 
C,,H,,O, requires C, 72-4; TH, 6-9%). The oxime crystallised from ether as colourless needles, 
m. p. 93-—94° (Found : C, 68-5; H, 6-9; N, 5:7. C,,H,,0,N requires C, 68-0; H, 6-9; N, 5-7%). 

When this ester (5-3 g.) was heated under reflux with concentrated hydrochloric acid (250 ml.) 
for 1 hr. and the solution then chilled overnight, buff-coloured needles (3-9 g.; m. p. 983—95°) 
were deposited. Crystallisation from water and from benzene gave the acid (1-1 g.) as pale 
yellow needles, m. p. 94-5—95-2° (Found: C, 70-5; H, 6-2%; equiv., 204-0. C,,H,.O, requires 
C, 70-6; H, 5-99; equiv., 204-2). The oxime crystallised from alcohol as colourless needles, 
m. p. 183—184-5° with softening at 181° (Found: C, 65-4; H, 5:9; N, 6-5. C,,H,,0,N requires 
C, 65-75; H, 6-0; N, 6-4%). 

6-Ethylindane-1-carboxylic acid. 6-Acetylindane-1-carboxylic acid (1-2 g.) was reduced with 
concentrated hydrochloric acid (40 ml.), water (80 ml.), and amalgam from granulated zinc 
(10 g.) and 5% mercuric chloride solution (20 ml.) for 6 hr. The solid acid (1-0 g.) deposited 
on cooling crystallised from water (650 ml.) as colourless needles (0-45 g.), m. p. 75—76° (Found : 
C, 75-6; H, 7:3%; equiv., 191-5. C,,H,,O, requires C, 75-8; H, 7-4%; equiv., 190-2). 

Oxidation of ethyl 6-acetylindane-1-carboxylate. The ketone (1:0 g.) was boiled with con- 
centrated nitric acid (15 ml.) for 2 hr., then evaporated to half its volume, nitric acid (10 ml.) was 
added, and the mixture heated under reflux for a further 3 hr. When the solution was cooled, 
trimellitic acid (0-7 g.; equiv., 73-4) was deposited, m. p. 225—-227° (decomp.) (from water) 
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The anhydride, prepared by Schultz’s method (Annalen, 1908, 359, 143), had m. p. 160—161-5° 
or 161-5—163° when mixed with an authentic specimen of m. p. 162—164° (Found: C, 55-8; 
H, 2:0. Cale. for C,H,O,: C, 56-3; H, 2-1%). 

Conversion of ethyl 6-acetylindane-1-carboxylate into 6-hydroxyindane-l-carboxylic acid. To 
10 c.c. of a mixture of concentrated sulphuric acid (49 ml.) and water (10 ml.), at 100°, the oxime 
(2-3 g.) of ethyl 6-acetylindane-l-carboxylate was added. The temperature was raised to 140° 
and kept at 140—145° for 5 min. Water (6 ml.) was then added, and the mixture boiled for 6 hr., 
after which it was cooled in ice. A 10% solution of sodium nitrite was then slowly added, in 
slight excess (starch—iodide). The mixture was added, drop by drop, to copper sulphate (0-05 g.) 
in boiling water (10 ml.)._ A little charcoal was added, and the mixture boiled for 5 min. and 
filtered. Deep yellow needles (1-0 g.) crystallised from the filtrate. A 1% solution of this 
compound in ether was passed through a short column of charcoal. The ether was removed and 
the residue crystallised from water (5 ml.), to give 6-hydroxyindane-1l-carboxylic acid as pale 
yellow needles, m. p. and mixed m. p. 170—171° (acetate, m. p. and mixed m. p. 82—83°). 
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The Structure of Terrein. 
By JoHN FREDERICK _GROVE. 
[Reprint Order No. 5591].] 


THE optically active cyclic ketol terrein, CgH,)03, m. p. 127°, was obtained from two 
strains of Aspergillus terreus by Raistrick and Smith (Biochem. J., 1935, 29, 606). It has 
now been found that two strains of a species of Penicillium belonging to the P. raistrickit 
series also produce terrein. 

The structure of terrein was substantially elucidated when Clutterbuck, Raistrick, and 
Reuter (Biochem. J., 1937, 31, 987) showed that tetrahydroterrein was 2 : 3-dihydroxy-4- 
propyleyclopentan-l-one (I) and established that the propyl side chain was present in 
terrein as a propenyl group. They considered all the possible structures for terrein 
consistent with the latter condition and resulting from the removal of 4 hydrogen atoms 
from (I). Of these, all were excluded except (II) and (III), and the former was preferred 
mainly on the grounds that oxidation of tetrahydroterrein to (+)-n-propylsuccinic acid 
was more readily explained by the presence in terrein of an asymmetric centre at C;4). 


CO CO CO 
H,C~ \cH-OH HCZ \CH-OH HC“ \CH-OH 
Prss-HC—— CH-OH CHMe:CH:HC ia CH CHMe:CH-C ~ae CHOH 
(I) (II) (III) 

However, the infra-red and ultra-violet absorption spectra show the presence of a 
conjugated dienone grouping in terrein and are consistent only with 4 : 5-dihydroxy-3- 
propenylcyclopent-2-en-l-one (III). Tetrahydroterrein must therefore contain a new 
asymmetric centre at C;,) and represents one of the diastereoisomers which can be formed 
under the influence of the optically active RR’CH(OH) groupings in the catalytic reduction 
of terrein. The results of the periodate oxidation of terrein, which gave the semi-aldehyde 
of propenylmaleic acid, and of tetrahydroterrein, which gave the semi-aldehyde of (-+-)-n- 
propylsuccinic acid, are readily explicable on this hypothesis. Indeed, the former 
degradation can more easily be envisaged on the basis of structure (III) (for discussion see 
Clutterbuck e¢ al., loc. cit.). 

Clutterbuck et al. cited the formation of only a mono-p-bromobenzoate and the failure 
of terrein to react when melted with maleic anhydride as additional arguments against (III). 
These objections are met by the observations (a) that the infra-red spectrum of terrein 
shows two hydroxyl bands (although this cannot be taken as conclusive proof of the presence 
of two hydroxyl groups) and (d) that terrein reacts with maleic anhydride in boiling 
benzene. 

It is concluded that (III) correctly represents the structure of terrein. 
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Experimental.—Two strains belonging to the P. vatstrickit series were used : culture No. 453 
in our collection was received from Dr. J. H. Warcup (his No. B15b, Tvans. Brit. Mycol. Soc., 
1951, 34, 376) and No. 1006 was isolated from Bagshot Heath soil (Jefferys, Brian, Hemming, 
and Lowe, J. Gen. Microbiol., 1953, 9, 314). Conditions of fermentation and extraction (carried 
out by Mr. P. J. Curtis) were similar to those used by Raistrick and Ross (Biochem. J., 1952, 
50, 635) for the production of dihydrogladiolic acid. Cultures No. 453 and 1006 gave yields of 
190 and 300 mg./l. respectively of a neutral ketonic substance which had powerful reducing 
properties, was readily soluble in water, and gave a lemon-yellow colour with sodium hydroxide. 
It crystallised from benzene in plates, m. p. 127°, [«]}? +192° (c, 0-2035 in H,O) (Found: C, 
62:0; H, 6-8. Calc. for CgH,,O,: C, 62:3; H, 65%). The mixed m. p. with an authentic 
specimen of terrein kindly provided by Prof. H. Raistrick, F.R.S., showed no depression and the 
infra-red spectra of the two samples were identical. 

The ultra-violet absorption curve of terrein showed A,,x, 276 mu (c 25,000) in EtOH and 
282-5 mu (c 26,500) in H,O, due to a conjugated dienone chromophore. The infra-red spectrum 
of a chloroform solution (determined by Dr. L. A. Duncanson) showed bands in the double-bond 
stretching region at 1703 («8-unsaturated 5-ring ketone; Grove and Willis, J., 1951, 877) and 
1639 cm.~ (conjugated C:C); a Nujol mull showed strong bands at 3390 (OH), 3215 (bonded 
OH), 1697, and 1636 cm.71. 

Terrein (1-6 mg.; 10 mol.) and maleic anhydride (5-3 mg.) in benzene (2 ml.) were heated 
under reflux for 2 hr., the solvent was removed, and after the addition of water (2 ml.) the 
residual maleic acid was estimated by titration with 0-1N-sodium hydroxide to the first end- 
point (0-43 ml. required) with a screened ethyl-orange indicator (Titley, Grove, and Allmand, 
J. Soc. Chem. Ind., 1950, 69, S23). Hence maleic anhydride consumed in the reaction = 1-0 mg. 
(10-5 mol.). 
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The Heat of Formation of Auric and Thallic Fluorides. 


By A. A. Woo-r. 
[Reprint Order No. 5592.] 


THE heats of formation of a number of fluorides of elements in their highest valency states 
are still unknown, in some cases presumably because suitable experimental methods have 
yet to be devised. A few heats can be determined by solution calorimetry in water, 
provided that fluoro-acids are not formed or that oxygen is not liberated. For some of the 
latter, solution calorimetry with bromine trifluoride seems preferable to bomb calorimetry 
with fluorine or the haiogen fluorides. The applications of solution methods to auric and 
thallic fluorides are described. 

Both fluorides hydrolyse quantitatively [MF, + 3H,O = M(OH), + 3HF]; the heats 
of formation obtained from the heats of hydrolysis and the appropriate heats taken from 
the National Bureau of Standards Circular 500 (‘‘ Selected Values of Chemical Thermo- 
dynamic Properties,’ 1952) are —83-3 and —136-9 kcal./mole for solid auric and thallic 
fluoride, respectively, at 25°. The values for the corresponding trichlorides are respec- 
tively +-55-0 and +-53-0 kcal./mole greater. The mean bond energies cannot be computed 
unless values for the heat of sublimation of these thermally unstable fluorides are known. 

The heat of formation of silver tetrafluoroaurate has also been measured as a step in 
the following cycle, from which the heat of formation of the complex anion could be derived : 


¥ 


AgF + AuF, — + Ag,t + F,- + AuF,;,-—» Ag,* + AuF,,~ — > AgaAuF, 


5 


The heat of formation of the fluoroaurate, —149-4 kcal./mole, leads to the value of 
-+-17-6 kcal./mole for the heat of dissociation: AgAuF, —» AgF + AuF3. 


Experimental.—The calorimeter was similar to that described previously (Woolf, J., 1951, 
231), with improved electrical calibration. All measurements were made at 25°. 
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Auric fluoride. This was prepared immediately before use from gold and bromine tri- 
fluoride (Sharpe, J., 1949, 2901) (Found, in the three specimens used: AuF,/Au, 1-287, 1-296, 
and 1-290. Calc.: AuF,/Au, 1-289). The values of the heat of hydrolysis, obtained by using 
1-5—2-5 g. of fluoride in 500 ml. of water, were —39-7, — 38-8, and —39-8 (mean —39-4 + 0-4) 
kcal. /mole. 

Silver tetvafluoroaurate. This was hydrolysed similarly just after preparation. The salt was 
slightly impure (Found: AgAuF,/Au, 1-969, 1-959, 1-965. Calc.: AgAuF,/Au, 1-933) owing 
probably to unavoidable solvolysis. The values of the heat of hydrolysis, obtained when 
2-5—3-8 g. of salt were added to 500 ml. of water, were — 26-9, —27-0, —26-5 (mean —26-8 + 
0-2) kcal. /mole. 

Thallic fluoride. This was prepared from thallous iodate and bromine trifluoride (Emeléus 
and Woolf, J., 1950, 164) (Found: TIF,/TIIO,, 0-690, 0-683. Calc.: TIF,/TIIO,, 0-688). 
The heat rise was small when 1-5—3-5 g. of fluoride were used in 500 ml. of water, and the values 
determined, —8-3 and —8-5 (mean —8-4) kcal./mole, are less accurate than for the gold com- 
pounds. 


MANCHESTER UNIVERSITY. [Received, July 27th, 1954.] 


A New Pyridine Complex of Selenium Tetrafluoride. 
By E. E. AyNsLEY and G. HETHERINGTON. 
[Reprint Order No. 5612.] 


Or the complex halides of selenium, chlorides and bromides have previously been described. 
Thus Muthmann and Schafer (Ber., 1893, 26, 1008) and Lenher (J. Amer. Chem. Soc., 
1898, 20, 568) prepared double bromides of the type M,SeBr,, where M = K, Rb, Cs, 
or NH, by mixing the appropriate bromide with selenium and introducing bromine. 
Lenher (/oc. cit.) showed that selenium tetrabromide unites with the hydrobromides of 
organic amines to form well-defined double salts of the type (BH),SeBrg, where B is a 
base. 

Petzold (Z. anorg. Chem., 1932, 209, 267) prepared corresponding hexachloroselenites 
by treating selenium or selenious acid with hydrochloric acid and the appropriate metallic 
or amine salt. 

Fluorides of the form M/{SeF;], where M = Na, K, Rb, Cs, or Tl, have been isolated 

by Aynsley, Peacock, and Robinson (/., 1952, 1231) by dissolving the appropriate alkali 
fluoride in boiling selenium tetrafluoride, but no fluoride or iodide complexes with organic 
bases are known. A comparison of the halides of selenium and telluriun’ suggests that 
selenium might form complexes with organic bases, e.gg pyridine, of the type BSeF,, and 
salts such as (BH)SeF;, (BH),SeF,, and (BH),SeI, (Aynsley and Hetherington, /., 1953, 
2802). 
When methods similar to those described for tellurium tetrafluoride are used (idem, 
loc. cit.), selenium tetrafluoride and pyridine in dry ether give a white amorphous solid 
which cannot be separated from ether without slight decomposition. On careful evaporation 
the white ether complex of pyridine—tetrafluoroselenium(Iv), (C;H;N)SeF4,(C,H;),0, is left ; 
this readily loses ether, and breaks down into its components. Attempts to prepare 
hydrogen fluoride complexes from this complex or from selenium dioxide and pyridine 
resulted only in selenium’s being deposited. 

Similarly selenium oxyfluoride yields a white amorphous complex (Se: N = 1:1), 
stable under ether, but decomposes to an oily brown liquid when the ether is removed. 
Hydrobromic acid converts both this oily liquid and the selenium tetrafluoride—ether 
complex into dipyridinium hexabromoselenite, (C;H;NH),SeBr,. Hydriodic acid does 
not give the corresponding iodide but gives instead pyridine hydrogen di-iodide, 
(C;H;N)HI, (cf. Trowbridge, J. Amer. Chem. Soc., 1897, 19, 322). 


Experimental.—Pyridine—tetrafluoroselenium(tv)—ether complex. Selenium tetrafluoride in 
anhydrous ether was added to a dry ethereal solution of pyridine in a ‘‘ Polythene’”’ beaker 
inadry box. Slow evaporation of the ether yielded solid white pyridine—tetrafluoroselenium(tIv)— 
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ether complex on the walls of the beaker. This was collected, washed with ether, and 
excess of the latter was pumped off, the pumping being stopped at the first sign of decom- 
position. The product was dissolved in water; the selenium was determined as the element 
after reduction by sulphur dioxide, the fluorine as lead chlorofluoride after distillation from 
50% sulphuric acid, and the nitrogen as ammonia [Found: Se, 26:0; F, 25-3; N, 4:5. 
(C3;H;N)SeF,,(C,H,),O requires Se, 25:6; F, 24:7; N, 4-6%]. 

Reaction of the ether complex with hydrofluoric acid. The etherate solution in aqueous hydro- 
fluoric acid evaporated (a) on asteam bath, (b) at laboratory temperatures, deposited selenium and 
no complex could be isolated; this behaviour is quite unlike that observed with tellurium 
(Aynsley and Hetherington, loc. cit.). Selenium was also deposited when pyridine was added toa 
solution of selenium dioxide in aqueous hydrofluoric acid and the solution evaporated. 

Reaction between selenium oxyfluoride and pyridine. Pyridine and selenium oxyfluoride in 
ether gave a white complex which, after being filtered off and washed with ether, decomposed 
when an attempt was made to remove the latter, to an oily brown liquid (Se: N = 1:1). 

Reactions of pyvridine—tetrafluoroselenium(1v)—ether complex (1) and the selenium oxyfluoride 
complex (II). (i) Hydrobromic acid produced red needles of dipyridinium hexabromoselenite 

Found: From (I) Se, 11:3; Br, 66-5; C, 16-9; H, 2:0; N, 3-7. From (II) Se, 11-0; Br, 
66-7; C, 16-6; H, 1-9; N, 3-8. Calc. for (C§H,NH),,SeBr,: Se, 11:0; Br, 66-8; C, 16-7; 
H, 1:7; N, 3-9%]. 

(ii) Hydriodic acid liberated much iodine and from the brown liquids was isolated, not 
the expected dipyridinium hexaiodoselenite, but brown prismatic crystals of pyridine hydrogen 
di-iodide [Found: From (I): C, 18:2; H, 2-0; N, 3-8; I, 75-6. From (II): C, 18-3; H, 
2-1; N, 4:3; I, 75-7. Calc. for (CsH,N)HI,: C, 18:0; H, 1:8; N, 4-2; I, 76:0%]. M. p.s 
were, from (I) 190—191° and from (II) 190—192°; Trowbridge (loc. cit.) gives 188—192°. 
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(Estrogenic Activity of Certain para-Substituted Phenols. 


By W. Lawson. 
[Reprint Order No. 5635.] 


In earlier communications (Dodds and Lawson, Proc. Roy. Soc., 1938, B, 125, 222; Dodds, 
Golberg, Lawson, and Robinson, Nature, 1938, 141, 247) a number of simple para-sub- 
stituted phenols have been described as having very low cestrogenic activity. Among these 
were p-propenylphenol (anol), p-2-propylphenol, p-propionylphenol and #-tert.-amylphenol. 
Subsequent work (Campbell, Dodds, and Lawson, Proc. Roy. Soc., 1940, B, 128, 253; 
Paulsen, Mortimore, and Heller, 7. Clin. Endocrinol., 1951, 11, 892) has shown that in all 
except the last-mentioned the activity is wholly due to impurities, since when purified 
through a crystalline ester and finally sublimed at reduced pressure and crystallized they 
are completely inactive. It is assumed that the activity of the impure compounds is 
entirely due to traces of stilboestrol-like compounds formed by dimerization involving the 
a-carbon atoms of two molecules. This, however, is not possible in the case of p-tert.- 
amylphenol and biological tests have been repeated at long intervals on several new 
preparations of this compound purified by a similar procedure. It was found that a dose 
of 100 mg. invariably produced cestrus in the ovariectomized rat, so that this can be regarded 
as the simplest molecule found to have this activity. All the other amylphenols as well 
as the butylphenols are completely without effect, as is also p-neopentylphenol. 

In view of these results it appeared of interest to prepare other #-tert.-alkyl-phenols. 
The samples used for biological tests were all very highly purified and the accompanying 
Table shows (nos. 1, 2, 8, 10, and 13) that increasing the length of the alkyl chains increases 
the activity, and that still further lengthening of the chain decreases the biological activity. 
When a second phenyl group is introduced (nos. 15—18) the change in activity produced 
by altering the aliphatic portion of the molecule is even more striking and cannot be 
explained by any present theory. 
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CEstrogenic activity of phenols, p-HO-CgHyCRR’R”. 
Active at : Active at: 

R R’ mg. per fat No. Re‘ mg. per rat 
Me Me (Nil at 300 mg.) 3 a Pras 25 
Me Me 2 100 2 : a Bus 
Me Me 100 R Pre 
Me Me 70 i cycloHexyl 
Me Me (Nil at 100 mg.) 5 J 3 Ph & 
Me Me 100 } E : Ph 
Me Me 7 (Nil at 100 mg.) Ph 
Me Et e 50 i Ph 1 
9 Me Pra 100 - Ph (Nil at 100 mg.) 
10 Et Et 25 


1 Huston and Hsieh, J. Amer. Chem. Soc., 1936, 58, 439. % Huston and Hedrick, ibid., 1937, 59, 
2001. * Huston and Guile, zbid., 1939, 61, 69. 4 Huston and Meloy, ibid., 1942, 64, 2655. * Huston, 
Langdon and Snyder, zbid., 1948, 70, 1474. ® Welsh and Drake, ibid., 1938, 60, 59. 
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Experimental_—These phenols were prepared by the method used by Huston et al. (locc. 
cit.), condensation of phenol with the appropriate tertiary alcohol in presence of aluminium 
chloride at room temperature. They were purified by conversion into a crystalline ester 
(benzoate or nitrobenzoate) and recovery by hydrolysis. The following have not been previously 
described. 

3-Ethyl-3-p-hydroxyphenytheptane (12), b. p. 171—173°/13 mm. (Found: C, 81-8; H, 11-0. 
C,;H_,0 requires C, 81-8; H, 11-0%) [p-nitrobenzoate, needles (from alcohol), m. p. 61—62° 
(Found: C, 71-9; H, 7-2. CygHs,O,N requires C, 71-5; H, 7-4%)]. 

4-p-Hydroxyphenyl-4-n-propyl-n-heptane (13), b. p. 175—180°/15 mm. (Found: C, 81:6; H, 
11:4. C,,H,,O requires C, 82-0; H, 11-2%%) [3 : 5-dinitrobenzoate, prisms (from alcohol), m. p. 67° 
(Found: C, 64-5; H, 6-4. C,,H,,0,N, requires C, 64-5; H, 6:6%)]. 

1-p-Hydvoxyphenyl-1-methylethylcyclohexane (14), needles (from light petroleum), m. p. 
104—105° (Found: C, 82:8; H, 10-1. C,;H,,O requires C, 82-5; H, 10-15%) (benzoate, needles 
(from alcohol), m. p. 98—99° (Found : C, 82-2; H, 8-2. C,,H,,O, requires C, 82-0; H, 8-1%)]. 

3-p-Hydroxyphenyl-3-phenyl-n-pentane (16), b. p. 138—140°/0-2 mm., needles (from light 
petroleum), m. p. 51—52° (Found: C, 85:1; H, 8-5. (C,,H,O requires C, 85-0; H, 8-4%) 
(benzoate, rectangular prisms (from alcohol), m.p. 92—93° (Found: C, 83-8; H, 6-9. C,,H,,O, 
requires C, 83-7; H, 7-0%)). 

4-p-Hydroxyphenyl-4-phenyl-n-heptane (17), needles (from light petroleum), m. p. 58—59 
(Found: C, 85:5; H, 9-0. C,,H,,O requires C, 85-0; H, 9-0%) [benzoate (from alcohol), m. p. 
69—70° (Found: C, 84-0; H, 7-5. C,,H,,O, requires C, 83-8; H, 7-6%)]. 

3-p-Hvdroxyphenyl-2 : 4-dimethyl-3-phenyl-n-pentane (18), needles (from light petroleum), 
m. p. 64—65° (Found: C, 85-0; H, 8-7. C,,H,,O requires C, 85-0; H, 8-5%) [benzoate (from 
alcohol), m. p. 114—115° (Found: C, 83-9; H, 7:3. C,gH.,O, requires C, 83-8; H, 7-6%)). 

1-p-Hydroxyphenyl-1 : 1-diphenylpropane (19), prisms (from aqueous alcohol), m. p. 114— 
115° (Found: C, 87-8; H, 7-1. C,,H., O requires C, 87-5; H, 7-0%) [benzoate (from alcohol), 
m. p. 104—105° (Found: C, 85:9; H, 6-2. C,,H,,O, requires C, 85-7; H, 6-2%)]. 


Thanks are offered to the Medical Research Council for continuous support of this work and 
to Mrs. S. A. Simpson for the biological assays. 
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The Bromo- and Iodo-hypophosphites of Bivalent Tin. 
By D. A. EVEREST. 
[Reprint Order No. 5655.] 


THE preparation of the two chlorohypophosphites of bivalent tin, 35n(H,PO,).,SnCl, and 
Sn(H,PO,).,SnCl, (Everest, J., 1951, 2903), and the subsequent discovery of the chloro-, 
bromo-, and iodo-hypophosphites of bivalent germanium (idem, J., 1952, 1670; 1953, 
4117), made it of interest to complete the bivalent tin series by studying the bromo- and 
iodo-hypophosphites. 

Two bromohypophosphites have been isolated, 35n(H,PO,),,snBr, (m. p. 150°) and 
Sn(H,PO,),,SnBr, (m. p. 175°), depending upon the relative proportions of hydrobromic 
and hypophosphorous acid used. In the iodohypophosphite series only the compound 
35n(H,PO,),,SnI, (m. p. 135°) could be isolated from solutions containing excess of 
hypophosphorous acid; conditions expected to favour the formation of the 1:1 
compound resulted in precipitation of stannous iodide. This closely resembled the 
behaviour of the germanous iodohypophosphites (loc. cit.). In all these preparations 
care was taken not to use too concentrated solutions, or to cool them too quickly, other- 
wise amorphous precipitates were formed. 

Although no information concerning the structures of these halogenohypophosphites 
has been obtained, it is clear that they form a well-defined group of compounds. Eight 
of them have now been isolated containing either bivalent germanium or tin; they 
are all colourless crystalline solids with sharp melting points ranging from 124° for 
Ge(H,PO,),,GeCl, to 181° for the corresponding tin compound. They are all sparingly 
soluble in water and are only slowly hydrolysed; this being in contrast to the simple 
chlorides and bromides of bivalent germanium and tin which either are readily soluble 
in water or are easily hydrolysed. There are four possible halogenohypophosphites of 
bivalent germanium and tin which have not been isolated, viz. 3Ge(H,PO,).,GeCl,, 
Ge(H,PO,),,GeBr,, Ge(H,PO,),,GeI,, and Sn(H,PO,).,SnI,. The failure to obtain these 
compounds may have resulted from inability to find the exact experimental conditions 
for their isolation, but it is significant that in three cases it is the 1 : 1 compound con- 
taining either bromine or iodine that is missing, so that possibly steric factors are involved. 

Although no halogenohypophosphites of bivalent lead have ever been obtained it 
seems probable that the highly explosive double salts Pb(H,PO,),,Pb(NO5), (von Hertz, 
Z. ges. Schiess- u. Sprengstoff., 1916, ii, 365; Chem. Zentr., 1919, i, 271), and the one 
formed from equimolecular parts of lead hypophosphite and lead styphnate (McNutt 
and Ehrlich, U.S.P., 2,352,964), are further examples of these hypophosphite complexes. 
Attempts to prepare compounds of bivalent germanium and tin corresponding to those 
of lead have been, however, unsuccessful. 

That hypophosphite complexes may be formed by metals outside the germanium 
group is shown by the existence of the double mercurous salt Hg,(H,PO,).,Hg,(NO3). 
(Hada, J., 1895, 67, 727) and by the series of complex ferric hypophosphites (Weinland 
and Hieber, Z. anorg. Chem., 1919, 106, 15; Ber., 1919, 52, 731). Again, however, there 
is no direct evidence concerning the structure of these compounds. 


Experimental.—Analytical procedures. Halogens and tin were estimated as previously 
described (J., 1951, 2903). The reduction equivalent was estimated iodometrically by Jones 
and Swift’s method (Analyt. Chem., 1953, 25, 1272). 

Double salt 3Sn(H,PO,),,SnBr,. This salt (m. p. 150°) was obtained when 25% hypophos- 
phorous acid (10 ml.), saturated with stannous hypophosphite at room temperature, was 
treated with 23% hydrobromic acid (1 ml.) [Found: Sn, 46-5; Br, 15-8%; reduction equiv., 
31-85. 3Sn(H,PO,).,SnBr, requires Sn, 46-35; Br, 15-6%; reduction equiv., 32-0). 

Double salt Sn(H,POg,).,SnBr,. This salt (m. p. 175°) was formed when hypophosphorous 
acid was added to an excess of a hot, freshly formed hydrobromic acid solution of bivalent 
tin [Found: Sn, 44-8; Br, 30-65%; reduction equiv., 43-4. Sn(H,PO,),,SnBr, requires Sn, 
45-0; Br, 30-39%; reduction equiv., 43-95]. 
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Double salt 35n(H,PO,),,SnI,. This salt (m. p. 135°) was obtained by treating a hot 25% 
hypophosphorous acid solution (50 ml.), previously saturated with stannous hypophosphite at 
room temperature, with 15% hydriodic acid (5 ml.) with constant stirring to prevent any local 
excess of hydriodic acid. On cooling of the solution to ca. 50° crystals separated; further 
crystallisation was not allowed as this involved risk of contamination with stannous hypophos- 
phite hexahydrate [Found: Sn, 42-35; I, 23-2%; reduction equiv., 35-25. 3Sn(H,PO,),,SnI, 
requires Sn, 42-4; I, 22-7%; reduction equiv., 34-94]. 

BATTERSEA POLYTECHNIC, LONDON, S.W.11. [Received, August 25th, 1954.] 


The Preparation of 1:4- and 2: 4-Dichloro-9-hydroxy fluorene-9- 
carboxylic Acids. 
3y N. GREENHALGH. 
[Reprint Order No. 5657.] 


THE unequivocal preparation of 1: 4- and 2: 4-dichloro-9-hydroxyfluorene-9-carboxylic 
acids was undertaken in connection with biological work carried out in these laboratories 
(cf. Jones, Metcalfe, and Sexton, J. Sci. Food Agric., 1954, 5,44). The intermediate | : 4- 
and 2 : 4-dichlorophenanthrenes were prepared by a Pschorr reaction (Ber., 1896, 29, 496) 
from the «-amino-«-phenylcinnamic acids derived from the dichloronitrobenzaldehydes. 
Iodic acid oxidation of the phenanthrenes gave the 9: 10-quinones which on treatment 
with alkali gave the desired 9-hydroxyfluorene-9-carboxylic acids. 

Copper in quinoline was used to effect decarboxylation of both the 1 : 4- and the 2: 4- 
dichlorophenanthrene-9-carboxylic acids, which were stable to the normal method of 
decarboxylation by distillation at atmospheric pressure. Chromic acid oxidation of these 
dichlorophenanthrenes goes beyond the quinone stage, as shown by the isolation of what 
appears to be 4: 6-dichlorodiphenyl-2 : 2’-dicarboxylic acid from 2 : 4-dichlorophenanthrene. 


Experimental.—3 : 6-Dichloro-2-nitro-x-phenylcinnamic acid. 3: 6-Dichloro-2-nitrobenzalde- 
hyde (44 g.) (Gnehm and Banziger, Ber., 1896, 29, 876), sodium phenylacetate (32 g.), and 
acetic anhydride (190 c.c.) were heated at 110° for 1 hr., then poured into water (300 c.c.) and 
heated on the steam-bath until the anhydride was decomposed. The product was collected 
and crystallised from benzene, to give the cinnamic acid (21 g.), m. p. 211° (Found: C, 53-4; 
H, 2-9; N, 4:5; Cl, 21-5. C,;H,O,NCI, requires C, 53-3; H, 2:7; N, 4:2; Cl, 21-0%). 

3: 5-Dichloro-2-nitro-a-phenylcinnamic acid (20 g.), m. p. 192° (Found: C, 53-4; H, 2-7; 
N, 4:4; Cl, 21:3%), was similarly prepared from 3: 5-dichloro-2-nitrobenzaldehyde (22 g.) 
(Asinger, Monatsh., 1933, 68, 385). 

2-Amino-3 : 6-dichloro-a-phenylcinnamic acid. A solution of 3 : 6-dichloro-2-nitro-«-phenyl- 
cinnamic acid (10 g.) in aqueous ammonia (260 c.c.; d 0-880; and 140 c.c. of water) at 40° 
was added rapidly to stirred, freshly prepared aqueous ferrous sulphate (100 g. in 250 c.c.) 
at 95°. This temperature was maintained for 1 hr. during which the solution was kept alkaline 
by the addition of aqueous ammonia. The mixture was cooled, acidified with hydrochloric 
acid, and extracted with ether. Evaporation of the dried extract gave a residue which crys- 
tallised from benzene to give the amino-acid, m. p. 162° (7-1 g.) (Found: N, 4-7. C,;H,,O,NCI, 
requires N, 4:6%). 2-Amino-3 : 5-dichloro-a-phenylcinnamic acid (from benzene—light petrol- 
eum), m. p. 198—200° (Found : N, 4-8%), was similarly prepared. 

1 : 4-Dichlorophenanthrene-9-carboxylic acid. 2-Amino-3 : 6-dichloro--phenylcinnamic acid 
(14 g.) in anhydrous alcoholic hydrogen chloride (18 g. in 75 c.c.) was diazotised (below 10°) by 
the addition during 1 hr. of alcoholic amyl nitrite (ca. 4 g. in 40 c.c.). After a further hour 
during which the temperature was allowed to rise to 15°, water (200 c.c.), and copper powder 
(2 g.) were added and the mixture was stirred for 2 hr. The precipitate which was essentially 
pure 1 : 4-dichlorophenanthrene-9-carboxylic acid (6 g.; m. p. 297°) was collected and dried. 
Crystallisation from ethyl acetate gave material of the same m. p. (Found: C, 62-1; H, 2-6; 
Cl, 23-7. C,;H,O,Cl, requires C, 61-9; H, 2-8; Cl, 24.4%). 2: 4-Dichlorophenanthrene-9- 
carboxylic acid, m. p. 259° (Found: C, 62-1; H, 2-6; Cl, 241%), was similarly prepared. 

1 : 4-Dichlorophenanthrene. 1 : 4-Dichlorophenanthrene-9-carboxylic acid (5-5 g.), redistilled 
quinoline (55 c.c.), and copper powder (0-4 g.) were mixed and heated under reflux for 1 hr., 
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then poured into excess of dilute hydrochloric acid and extracted with ether. The extract 
was washed with aqueous sodium carbonate, dried, and evaporated. The residue, crystallised 
from aqueous methanol, gave 1 : 4-dichlorophenanthrene, m. p. 78° (2:5 g.) (Found: C, 68-1; 
H, 3-3; Cl, 28-1. C,,H,Cl, requires C, 68:0; H, 3-2; Cl, 28-8%). 2: 4-Dichlorophenanthrene, 
m. p. 87—88° (Found: C, 68-3; H, 3-4; Cl, 279%), was similarly prepared. Oxidation of 
2 : 4-dichlorophenanthrene (2 g.) in acetic acid (10 c.c.) with chromic oxide (4 g.) in 70% acetic 
acid (12 c.c.) at 70—80° gave a product soluble in sodium hydrogen carbonate which was 
apparently 4 : 6-dichlorodiphenyl-2 : 2’-dicarboxylic acid (from ethyl acetate—light petroleum), 
m. p. 218—219° (Found: C, 54:5; H, 3-0; Cl, 23-4. C,,H,O,Cl, requires C, 54:1; H, 2-6; 
Cl, 22-9%). 

1 : 4-Dichlorophenanthrene-9 : 10-quinone. 1:4-Dichlorophenanthrene (2 g.), iodic acid 
(4-8 g.), and glacial acetic acid (160 c.c.) were heated under reflux for 5 hr., then cooled. The 
precipitate crystallised from aqueous acetic acid, to give 1 : 4-dichlorophenanthrene-9 : 10- 
quinone (1 g.), m. p. 204—206° (Found: C, 60-2; H, 2-3; Cl, 26-1. C,,H,O,Cl, requires C, 
60-6; H, 2-2; Cl, 25-7%). 2: 4-Dichlorophenanthrene-9 : 10-quinone, m. p. 168—169° (Found : 
C, 60-1; H, 2-0; Cl, 25-3%), was similarly prepared. 

1 : 4-Dichloro-9-hydroxyfluorene-9-carboxylic acid. 1: 4-Dichlorophenanthrene-9 : 10-quin- 
one (0-9 g.) and aqueous 10% sodium hydroxide (90 c.c.) were heated, with stirring, on the 
steam-bath for 10 min. After acidification of the cooled filtered solution with dilute sulphuric 
acid the product was collected and crystallised from benzene, to give 1 : 4-dichloro-9-hydroxy- 
fluorene-9-carboxylic acid (0-7 g.), m. p. 176—177° (decomp.) (Found: C, 57-4; H, 2-8; Cl, 
24-4. C,,H,O,Cl, requires C, 56-8; H, 2:7; Cl, 24:1%). 2: 4-Dichloro-9-hydroxyfluorene-9- 
carboxylic acid, m. p. 195—197° (decomp.) (Found: C, 56-9; H, 2-8; Cl, 23-5%), was similarly 
prepared. 

IMPERIAL CHEMICAL INDUSTRIES LIMITED, PHARMACEUTICALS DIVISION, 
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A Synthesis of 4-Deoxy-D-erythrohexulose. 


3y P. A. J. Gorin, L. HouGu, and J. K. N. Jones. 
[Reprint Order No. 5658.] 


In connection with some experiments on enzymes we wished to synthesize 3-deoxy-p- 
erythrohexulose. However, reduction of 3 : 4-anhydro-1 : 2-O-1sopropylidene-«-D-ribohexulose 
(I; Ohle and Just, Ber., 1935, 68, 605) with lithium aluminium hydride (Prins, J. Amer. 
Chem. Soc., 1948, 70, 3955) in ethereal solution gave 4-deoxy-1 : 2-O-tsopropylidene-a-p- 
erythrohexulose (II), which was obtained crystalline in high yield, instead of the 3-deoxy- 
compound. 

Chromatographic examination of the acid hydrolysis products of the crude reduction 
mixture (A ) showed the presence of 4-deoxy-p-erythrohexulose (III) with only traces of another 
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(1) 
compound [3-deoxy-D-erythrohexulose (?)]. (II) was not oxidised by aqueous sodium 
metaperiodate, thus distinguishing it from the 3-deoxy-isomer. It gave, on acid hydrolysis, 
syrupy 4-deoxy-p-erythrohexulose (III) which was converted into its crystalline 
phenylosazone. 


Experimental.—4-Deoxy-1 : 2-O-isopropylidene-a-b-erythrohexulose (II). 3: 4-Anhydro-1 : 2- 
O-isopropylidene-a«-p-vibohexulose [(I); 271 mg.; Ohle and Just, Joc. cit.) in dry ether (5 c.c.) 
was added to an excess of lithium aluminium hydride (500 mg.) in dry ether (5 c.c.). After 
10 min., ethyl acetate (10 c.c.) was added carefully to decompose the excess of reagent. Water 
(20 c.c.) was added, and the volatile organic liquids were evaporated. The aqueous solution 


[1954] Notes. 4701 


was then neutralised with dilute sulphuric acid, filtered, and the filtrate extracted with 
chloroform. The chloroform extract was concentrated to a syrup (4; 245 mg.), which 
crystallised, Recrystallisation from benzene-light petroleum (b. p. 60—80°) gave long white 
prisms (II), m. p. 52°, [a]? —120° (c, 0-98 in H,O) (Found: C, 52-9; H, 7-4. C,H,,O; requires 
C, 52-9; H, 7-8%). After acid hydrolysis it gave only one spot (Rp, 0-28) on the paper 
chromatogram. 

A portion of the syrup (A) was hydrolysed with 0-05n-sulphuric acid at 100° for 1 hr., and 
the solution neutralised (BaCO,), filtered, and concentrated under reduced pressure to a syrup. 
The syrup was examined on a paper chromatogram [solvent: butanol-ethanol—water 
(40:11:19 v/v)] and gave with p-anisidine hydrochloride two yellow-brown spots, R, 0-28 
and 0:34 respectively. The second substance (3-deoxy-p-erythrohexulose ?) was only present 
in traces, 

A portion of (II) (13-38 mg.) was dissolved in 0-3N-sodium metaperiodate (5 c.c.). After 
30 min. saturated sodium hydrogen carbonate solution (10 c.c.) and sodium arsenite solution 
(2 c.c,) were added, and the solution then titrated with 0-020N-iodine. The uptake of periodate 
was no greater than that of a blank solution, 

4-Deoxy-p-erythrohexulose (III).—(II) (164 mg.) was hydrolysed in 0-05n-sulphuric acid 
(5 c.c,) at 100° for 1 hr., and the solution neutralised (BaCQ,), filtered, and concentrated under 
reduced pressure to a syrup {III; 100 mg.; [a]? +5° (c, 2-00 in EtOH)}. 

A solution of the ketose (III; 90 mg.) in water (5 c.c.) containing phenylhydrazine (0-20 c.c.) 
and acetic acid (0-8 c.c.) was heated for 2 hr. at 50°. The resulting osazone was filtered off, 
washed with water, dried, washed with benzene, and recrystallised from aqueous ethanol. The 
crystals (65 mg.) had m. p. 167—169°, [«]7? —114° (10 min.) —» — 34° (24 hr.; constant value) 
(c, 0-70 in CSH,;N-EtOH; 3:2 v/v) (Found: C, 63-1; H, 6-5; N, 16-0. C,,H,.0O,N, requires 
C, 63-2; H, 6-3; N, 16-4%). 

One of us (P. A. J. G.) thanks the Bristol Education Authorities for a grant. 
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Molecular Compounds of Quinolines and Dihydric Phenols. 


By J. F. CAVALLA. 
[Reprint Order No. 5673.] 


RECENTLY, Bell (J., 1953, 348) described the reactions of quinaldine and 2 : 6-dimethyl- 
quinoline with benzoquinone to give compounds tentatively formulated as (I) and (II), 
respectively. Repetition of the work has shown, however, that the first step in the reaction 
is the reduction of benzoquinone to quinol which then forms a molecular compound with 
the base. This is similar to the formation of quinaldine complexes with monohydric 
phenols (Aslake and Otto, U.S.P. 2,432,064) and with phloroglucinol (Verkade and 
Van Leeuwen, Rec. Trav. chim., 1951, 70, 142). No work has been reported on their 
formation with dihydric phenols, although Wilson, Anderson, and Donohoe (Anal. Chem., 
1951, 23, 1032) have described complexes with $-resorcylic acid. Besides quinol, molecular 


compounds were also given with catechol and resorcinol; they are of varying stability, 
some being decomposed in boiling benzene whilst others were easily sublimed im vacuo. 
Treatment with dry hydrogen chloride in ether resulted in precipitation of the base hydro- 
chloride; yet on neutralising an aqueous solution of quinaldine hydrochloride and quinol 
the insoluble complex was obtained. In all examples examined, the base and phenol 
combined in simple though unpredictable proportions, 

Experimental.—Light petroleum refers to the fraction, b. p. 40—60°. 

Quinaldine (2)-quinol (1). Quinaldine (14-3 g.) was refluxed gently (bath temp. 165°) in 
xylene (45 ml.) with quinol (5-5g.) for lhr. Oncooling, the solution deposited thick green needles 
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of the complex (18 g., 91%), m. p. 153—156° unchanged by repeated crystallisation from benzene 
or ether-light petroleum (Found: C, 79-0; H, 6-0; N, 6-9. 2C,,H,N,C,H,O, requires C, 78-8; 
H, 6-1; N, 71%). This complex was identical with that obtained by Bell (doc. cit.). 

By use of this general method, and where necessary removal of the xylene in vacuo after 
reaction, the following complexes were obtained : 

Quinaldine (2)—resorcinol (1), large rhombs, m. p. 129—131°, from benzene (Found: C, 78-5; 
H, 6-1; N, 7-0%). Quwuinaldine (1)—catechol (1), large rhombs, m. p. 103—105°, from benzene— 
light petroleum (1 : 3) (Found: C, 75-9; H, 6-0; N, 5-5. CH ,N,C,H,O, requires C, 75-9; H, 
6-0; N, 55%). 2: 6-Dimethylquinoline (1)-quinol (1), cubes, m. p. 142—144°, from ether— 
light petroleum (1:2) (Found: C, 76-3; H, 6-3; N, 4-9. C,,H,,N,C,H,O, requires C, 76-4; 
H, 6-4; N, 5-2%). This compound yielded quinol on prolonged boiling with benzene, 2: 6- 
Dimethylquinoline (1)-resorcinol (1), irregular needles, m. p. 127—-128°, from benzene-light 
petroleum (2:1) (Found: C, 76-6; H, 6-5; N, 50%). 2: 6-Dimethylquinoline (1)—catechol (1), 
long thick needles, m. p. 92—94°, from benzene-light petroleum (2:1) (Found: C, 76-2; H, 
6-3; N, 51%). Quinoline (2)—quinol (1), large irregular needles, m. p. 101—103°, from ether— 
light petroleum (1: 1) (Found: C, 78-4; H, 5-4; N, 7-7. 2C,H,N,C,H,O, requires C, 78-2; H, 
5-5; N, 7:-6%). This compound decomposes on prolonged boiling with benzene. 

Treatment of the quinaldine—quinol complex with dry hydrogen chloride. A solution of the 
quinaldine—quinol compound (1-1 g.) in ether (100 ml.) was treated with a stream of dry hydrogen 
chloride; the precipitated solid (1-01 g., 100%; m. p. 211—214°), on crystallisation from 
ethanol—ether (1: 3), gave fine needles of quinaldine hydrochloride, m. p. and mixed m. p. 222— 
223°. From the ethereal mother liquor quirol (0-25 g.), m. p. and mixed m. p. 168—169°, was 
obtained. 

Precipitation of the quinaldine—quinol compound from acid solution. A solution of the 
quinaldine—quinol compound (1-0 g.) in dilute hydrochloric acid (20 ml.; 2N) was set aside at 
room temperature for 5 min. Neutralisation with excess of saturated sodium hydrogen 
carbonate solution precipitated starting material (0-95 g.), m. p. and mixed m. p. 153—155°. 
Repetition of this experiment with the quinoline—quinol compound gave a 62% recovery of the 
starting material. 

Reaction of quinaldine hydrochloride with quinol in water. Quinaldine (1-43 g.), suspended in 
water (70 ml.), was treated with dilute hydrochloric acid (10 ml.; N), and the green solution 
added to one of quinol (0-55 g.) in water (30 ml.).. The mixture was left for 1 min., then treated 
with excess of saturated sodium hydrogen carbonate solution. The dried precipitate (1-76 g., 
89%), had m. p. 153—156° undepressed on admixture with authentic quinaldine—quinol 
compound. 


ParRKE, Davis & CoMPANY, LIMITED, HouNnsLow, MIDDLESEX. [Received, August 20th, 1954.] 


The Retention of Cobalt-60 in Vitamin By. 


By A. G. Mappock and F. Pinto CoELno. 
[Reprint Order No. 5712.] 


WHEN an atom in a molecule captures a thermal neutron the recoil, arising from the 
subsequent radiation of y photons, generally ruptures the molecule. However, when a 
solid or a liquid substance is irradiated an appreciable fraction of the radioactive atoms 
produced by thermal neutron capture are found to be combined in the parent compound. 
The fraction of the activity found in the parent substance is called the retention. The 
factors determining the retention have been discussed elsewhere (McCallum and Maddock, 
Trans. Faraday Soc., 1953, 49, 1150). Sometimes the fragments formed recombine after 
losing their surplus kinetic energy by collisions with their surroundings; alternatively 
the radioactive atom may displace an inactive isotope in another molecule and a kind of 
activated exchange takes place. Green, Harbottle, and Maddock (zbid., p. 1413) have 
shown that the retention arising in this way is influenced by the temperature and the 
dose of ionising radiation to which the substance is exposed. Another possibility (Green 
and Maddock, J. Chim. phys., 1951, 48, 207) exists: in some of the capture events the 
resultant recoil following emission of the photon cascade might be too small to rupture 
the molecule. Retention arising from this cause, referred to as the nuclear inefficiency, 
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should be independent of the conditions of the irradiation, since it is determined by the 
decay processes of the compound nucleus produced by neutron capture. A priori, it 
would appear that retention because of subsequent re-formation of, or re-entry into the 
parent molecule would be less likely when very complex molecules are irradiated. 

Existing information on the retention of cobalt-60 after irradiation of vitamin By» 
is contradictory. Anderson and Delabarre (J. Amer. Chem. Soc., 1951, 78, 4051) report 
the unexpectedly high value of 80%. Lester Smith (Biochem. J., 1952, 52, 384) finds the 
more likely value of 5%, but two recent publications deny that the cobalt-60 is retained 
at all (Numerof and Kowald, J. Amer. Chem. Soc., 1953, 75, 4350; Woodbury and 
Rosenblum, 1bid., p. 4364). It was therefore decided to re-determine the retention and 
find out if it was dependent on the radiation dose or heat treatment of the sample. 


Experimental.—Two samples (each 40 mg.) of crystalline vitamin B,, were irradiated in 
vacuo in silica ampoules, the first for 1 week at a pile factor of 0-1, corresponding to a neutron 
flux of 10! neutrons cm.-* sec.-1, and the second for 4 weeks at a pile factor of 1-0, corresponding 
to a neutron flux of 10% neutrons cm.-* sec.-4. In neither case did the temperature of 
irradiation of the sample exceed 40°, nor was any gross radiation decomposition observed. 
The total activity due to cobalt-60 was determined by dissolving a weighed sample of the 
irradiated material in 10 ml. of N-hydrochloric acid in half of a 5-cm. Petri dish and measuring 
the activity with the dish placed in a standard position under a NaI-—T1 crystal scintillation 
counter. An aluminium screen interposed between the sample and the crystal absorbed the 
6-radiation from phosphorus-32, as well as that from the cobalt-60. The arrangement had a 
high sensitivity and, although requiring no processing of the samples, involved no correction 
for the varying composition of the solutions used. 

As previous investigators have emphasized, great care must be taken in these measurements 
to ensure that the material is purified to constant specific activity before the retention is 
measured. Counter-current solvent extraction and paper chromatogrpahy have both been 
used previously for the purification. 

Counter-current extraction was tried first. An eight-tube separation was made with equal 
volumes of benzyl alcohol and the aqueous solution of the vitamin. <A survey of the activity 
in the sixteen solvent fractions thus obtained showed that most of the activity had concentrated 
in the two tubes at the water-soluble end of the system. The contents of these tubes, 
presumably the inorganic cobalt salts, were discarded and the extraction repeated for two 
more stages. The activity of each solution was measured. The concentration of the vitamin 
B,. in each solution was determined by measuring the absorption of the solution at 550 mu 
in a l-cm. cell with a Beckman spectrophotometer (Marsk and Kuzel, Analyt. Chem., 1951, 
23, 1773). The ratio (x 10%) of the absorption to the activity is recorded for each solution. 
The water phase was moving towards the higher tube numbers. The vitamin content of 
tubes 1 and 2 was too low for accurate measurement. A repetition of the separation gave 
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similar results. It was concluded that counter-current solvent extraction with benzyl alcohol 
is not an efficient method of purification of the irradiated vitamin. 

Paper-chromatographic separation was then tried. The method is due to Lester Smith 
(personal communication). To eliminate the bulk of the inorganic cobalt compounds formed 
by the recoil process the vitamin B,, was subjected to preliminary purification by solvent 
extraction. After equilibration of an aqueous solution containing 15 mg. of the vitamin By, 
with an equal volume of benzyl alcohol, the alcoholic phase was separated and re-equilibrated 
with water. Each phase so obtained was then equilibrated with an equal volume of the 
opposite pure solvent. The freshly added alcoholic phase was then separated and equilibrated 
with the fresh aqueous phase. Finally the alcoholic phase was combined with the previous 
alcoholic phase. The partly purified vitamin B,, was recovered from the wet benzyl alcohol 
by the addition of a large volume of ether, whereupon the vitamin was separated in a small 
aqueous phase. 

The mobile solvent for the paper chromatography was prepared by equilibrating 100 ml. 
of sec.-butyl alcohol with 100 ml. of water to which had been added 4 ml. of liquid hydrogen 
cyanide. The alcohol phase was separated and two drops of concentrated aqueous ammonia 
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were added. The aqueous solution of the partly purified vitamin was concentrated by 
evaporation at room temperature and applied to a 3’-wide strip of Whatman No. 3 filter paper 
so as to form a narrow band across the paper near one end. After drying, the paper was 
suspended over a dish of the alcoholic reagent in a closed cylinder for 2 hr. The end of the 
paper was then allowed to dip into the alcoholic solution and the chromatogram allowed to 
develop upwards for 12 hr. The alcoholic cyanide converts the vitamin By,, into the 
dicyanocobalamin. The R, value observed was 0-24. 

After development and drying, the coloured band was cut out and the remainder of the 
strip cut into pieces 1 cm. wide, normal to the direction of development. The dicyanocobalamin 
was washed out of the paper and reconverted into vitamin B,, by a small quantity of hot 
water. After the solution had been made uf to 10 ml. the activity and absorption at 550 mu 
were measured as before. Then the chromatographic purification was repeated. 

The same treatment was applied to the second sample irradiated and to a portion of that 
sample that had been heated in vacuo for 60 hr. at 100°. 


Irradiation 1. Irradiation 2. Heated sample. 
Retention (%) after Ist chromatogram 0:74+ 0-05 Retention (%) after lst chromatogram 1-9 + 0:1 
2nd - 0-70 + 0-05 a i 2nd “ 1-8 + 0-1 


” ” 


Irradiation 2, 
Retention (°%) after Ist chromatogram 1-9 + 
a 2nd - l 

In each case the specific activity of the product was not significantly changed by the 
second chromatographic purification. The errors given combine the estimated errors in the 
radioactive and spectrophotometric measurements. After each separation the partitions of the 
activity and of the vitamin between equal volumes of benzyl alcohol and water were measured. 
The ratio alcohol to water was constant for both quantities at 0-79 + 0-01. 

Examination of the activity of the strips obtained from the rest of the chromatogram 
showed that some of the cobalt-60 is present in products of both greater and smaller R, than 
the dicyanocobalamin. The presence of these products accounts for the unsatisfactory 
purification by counter-current solvent extraction and explains: the difference in the results 
reported by Lester Smith and Woodbury and Rosenblum (locc. cit.). These results confirm 
Lester Smith’s conclusions. 


Discussion.—The retention does not appear to be changed by heat treatment of the 
irradiated material. On the other hand it cannot be due, to any large extent, to failure 
of the recoil to rupture the molecule because the retention increases with the dose of 
pile radiation, rising from 0-7% to 1-9% for an increase of about 40 times in the dose 
received. 

The authors are indebted to Dr. E. Lester Smith of the Glaxo Laboratories, Greenford, for 
a gift of vitamin B,,. One of them (F. P. C.) is indebted to the Instituto de Alta Cultura and 
the Laboratorio Quimico da Universidade de Coimbra, Portugal, for a grant. 
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The Reaction of isoPropanol with Alkali.* 


By E. G. E. Hawkins and W. E. NELson. 
[Reprint Order No. 5717.] 


GUERBET reported (Compt. rend., 1909, 149, 129) that heating isopropanol with sodium 
tsopropoxide at 195—200° for 24 hours, or with potassium hydroxide at 200—205° for 
16 hours (7bid., 1912, 154, 222), gave 4-methylpentan-2-ol and 4 : 6-dimethylheptan-2-ol. 
It has been found, however, that the reaction of alkali with isopropanol actually yields, 
in addition to 4-methylpentan-2-ol, 3 : 3 : 5-trimethylcyclohexanol (instead of the dimethy]- 
heptanol) with hydrocarbons and some higher condensation products. 


* This work is the subject of B.P. 701,093, and 701,098. 
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The cyclic nature of the Cy-alcohol was found by Wolff—Kishner reduction of the derived 
ketone to 1:1: 3-trimethylcyclohexane; and its structure was proved by comparison 
of the derivatives of the ketone with those from authentic dihydrovsophorone, and by 
pyrolysis of the acetate followed by reduction of the olefins produced to 1 : 1 : 3-trimethyl- 
cyclohexane. Ozonolysis of these olefins afforded a neutral ketonic product which, by 
analysis of its derivatives, was considered to be a trimethylcyclopentenealdehyde. 


Experimental.—Although the temperature, time of reaction, and amount of alkali were 
varied, only one typical experiment is described. <A solution (5 1.) of potassium hydroxide in 
isopropanol (14% w/w) was heated in an autoclave (10 1.) to 298°, the temperature being above 
200° for 44 hr. The maximum pressure reached was 142 atm., and the residual pressure left on 
cooling was 25 atm. The product was neutralised with acetic acid, water was added, and the 
unchanged isopropanol together with some of the methylpentanol were removed as azeotropes. 
The organic layer was separated from the residue and distilled under vacuum; no sharp separation 
into fractions was obtained but three cuts were taken, the yields, in parentheses, being based 
on the initial isopropanol, viz.:; (i) (6-4%) 85°/15 mm. (mostly C, and largely methylpentanol ; 
assignment on the basis of C, fragments) ; (ii) (10%) 85—100°/15 mm. (mostly C,); (iii) (6-4%) 
>100°/15 mm. (C,—C,,)._ Redistillation of fraction (ii) in a 5-ft. column (Fenske helices) led to 
a main fraction, b. p. 196—198°/742 mm., m. p. 30-5—31-5° [Found ; OH (Smith and Bryant’s 
method, J. Amer. Chem. Soc., 1935, 57, 61), 11-9. Cale. for C,,H,,0: OH, 12:0%]. It 
provided an a-naphthylurethane, m. p. 83—84°. 

Oxidation to dihydroisophorone. The C,-alcohol (14 g.) was oxidised at 60—70° with chromium 
trioxide in acetic acid; distillation of the final product gave dihydrozsophorone (11-1 g.), b. p. 
ca. 189° (semicarbazone, m. p. and mixed m. p. 204—205°; 2: 4-dinitrophenylhydrazone, m. p. 
and mixed m. p. 146—147°). 

Reduction of the ketone. 
Huang-Minlon modification gave a hydrocarbon (3 g.), b. p. 
methylcyclohexane by its infra-red spectrum. 

Pyrolysis of the acetate. ‘The C,-alcohol was converted into its acetate by Spassow’s method 
(Ber., 1937, 70, 1928), and the acetate (40 g.) dropped at 15 c.c./hr. through a silica tube packed 
with porcelain rings and heated to 500°. The crude product was washed with alkali and 
distilled, to give a material (12-2 g.), b. p. 128—136°. A portion of this material was hydrogen’ 
ated over Adams catalyst, yielding a product containing (by infra-red analysis) 60% of 1: 1: 3- 
trimethylcyclohexane and 14% of xylenes. Evidently pyrolysis had led to cracking and de- 
hydrogenation in addition to dehydration. 

The crude olefin (6 g.) from the pyrolysis was ozonised in methylene dichloride; the neutral 
product (2-3 g.) had b. p. 100—110°/17 mm, and yielded a semicarbazone, m. p. 184—185° 
(Found: N, 21-6. Calc. for C,,H,,ON,: N, 21:5%), and a 2: 4-dinitrophenylhydrazone, m. p. 
137—138° (Found: N, 17-2. Calc. for C,;H,,0,N,: 17:6%). The dinitrophenylhydrazone 
had an ultra-violet spectrum consistent with the presence of an a$-unsaturated carbonyl system 
as in 1-formyl-3 : 5: 5- or -3: 3: 5-trimethylcyclopent-1l-ene. 

Other products. Fraction (ii) contained, in addition to the solid (trans-)3 : 3: 5-trimethyl- 
cyclohexanol, liquid products which included liquid (cis-)3 : 3: 5-trimethyleyclohexanol, hydro- 
carbons (partly unsaturated), and ketones. Infra-red spectral analysis on one such fraction 
showed the presence of trans-3 : 3: 5-trimethylcyclohexanol (75%), cis-3 : 3; 5-trimethyleyclo- 
hexanol (11—12%), unidentified ketones (1—2%), and hydrocarbons (11—12%): 4: 6-di- 
methylheptan-2-ol was not identified and could have been present only in quantities of <5%. 


Wolff-Kishner reduction of the foregoing ketone (9-5 g.) by the 
129°, identified as 1:1: 3-tri- 


The authors thank Mr. A. R. Philpotts for the spectroscopic determinations, and for the 
identification of the cyclic hydrocarbon, and the Directors of the Distillers Company Ltd. for 


permission to publish this Note. 
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OBITUARY NOTICES. 


ARTHUR JOHN ALLMAND.* 
1885—1951. 


Tuts biography is compiled from the personal record Allmand left with the Royal Society, from 
appreciations of pupils and friends, and from the recollections of the author who worked side by 
side with him in Liverpool and maintained a life-long friendship with him. 

Allmand’s favourite dictum on a professor of one of the natural sciences was that he might 
be a great researcher, a great administrator, or a great teacher. Sometimes he might shine in 
two of these categories but to do so in all three was unattainable for most people. This should 
be borne in mind as it was undoubtedly the pattern to which his life conformed. 

Allmand’s father, Frank Allmand, was a flour miller of Wrexham, a quiet pale man like his 
son, who attained the great age of ninety years. His mother’s maiden name was Thomas and 
her father was a timber merchant of Wrexham. The Allmands came from the Malpas district 
of Cheshire. The border between England and Wales is not all that firmly drawn. Allmand 
may fairly be claimed as a Welsh dominant; in character and outlook he was wholly so. One 
of his great-grandmothers was a Frenchwoman. He had a happy childhood in and near Wrex- 
ham, was naturally very studious and an omnivorous reader with a special taste for the Celtic 
tradition: Geoffrey of Monmouth, the Mabinogion, Malory, and Welsh folk songs, for example. 

The family were not well off during his youth: originally his father had a water-mill, and 
later a steam-mill; the shadows, however, were lengthening for the small millers. On top of 
this his father’s mill was burnt down and he was reduced to becoming a corn and flour dealer. 
To better this he bred large white pigs very successfully from the show point of view, gaining 
championships at the ‘‘ Bath and West ’’ and many other prizes. The financial return, however, 
was not very great. He also attempted to grow mushrooms in the basement of his burnt out 
mill but without any great success. All this was confirmed by the impression he made as a 
man struggling hard against misfortune. According to Allmand, his mother’s family were more 
prosperous and talented than his father’s, but the latter’s courage and persistency were un- 
doubtedly reflected in his son. Allmand’s holidays in his youth were all spent either in Welsh 
seaside resorts or in the depths of the country. He had some knowledge of the Welsh language 
but did not read it with any facility. His accent and pronunciation were, to the ear of an 
Englishman at any rate, racy, of the soil. 

He went to a dame’s school in Wrexham from an early age, till 1894, and from that year till 
1898 he was at Alleyn’s School at Dulwich, living with an aunt in London. In the latter year 
owing to his aunt’s leaving London he returned to Wrexham where he went to the Grove Park 
school. Scholarships played no part in his early career except one that waived his fees at 
Dulwich, which drew down on him the displeasure of the Headmaster when he had to leave in 
1898. The headmaster of the Grove School wanted all his bright boys to go to Oxford. 

Allmand, by this time, had determined to become a chemist in the following circumstances. 
His father had shown him an article in the Scotsman by Professor Japp of Aberdeen, 
lauding the chemical industry as a career. The paper had been sent home by one of his aunts, 
the wife of another Aberdeen professor. This fired Allmand’s imagination and made him 
determine on a chemical career. He also formed the opinion that he could learn chemistry 
better in one of the newer universities, and stuck to his guns despite the disapproval of his 
headmaster. Allmand was always capable of forming his own opinion and sticking to it. 

He took his matriculation in 1901 (London) and was placed ninth in Honours, and in 1902 
entered the University of Liverpool with three Scholarships, the Gilchrist, the Tate Scholarship 
in technical science, and one from the Denbighshire Education Committee. 

At the time of Allmand’s entry the University of Liverpool was in process of formation from 
the old Victoria University whose constituent colleges were at Liverpool, Manchester, and 
Leeds. The new University at that time had a remarkable and brilliant body of men on the 
staff: Sherrington, Ronald Ross, Sampson, Kuno Meyer, Pares, Elton, Augustus John, and 
Reid Dick, to name only a few. They were a most accessible lot. Apart from his chemistry, 
and particularly after his graduation, Allmand at once fell under the influence of Bernard Pares 
from whom he learnt Russian, Kuno Meyer who taught him some Celtic philology, and Sampson, 
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naturally, with his Welsh and gipsy affiliations, also. Oliver Elton was so much impressed by 
his literary ability that he asked him to join his staff. 

Now returning to his chemical career he took his intermediate examination in chemistry, 
physics, and mathematics, not doing enough of the last two, as he always admitted in later life. 
The professor of chemistry at this time was James Campbell Brown, who, though not a particu- 
larly effective lecturer, was a man of considerable influence, and his integrity and general 
outlook commanded respect. Titherley, the lecturer in organic chemistry, was already famous 
for his discovery of sodamide and his lectures were brilliant and most attractive. It says much 
for Campbell Brown that he was a devoted admirer of Willard Gibbs the great American. In 
those days students were not expected necessarily to know much chemistry when they arrived 
at the University. In any case all had to take the first-year lectures which were sometimes 
nearly a riot. During this period Allmand, Warrington Yorke, and Freeth always sat side by 
side. Allmand was the quiet member of the trio. Allmand’s undergraduate career was free 
from any ups and downs. With his intense devotion to work, great ability, and excellent 
memory he sailed through everything and obtained, in 1905, a first-class honours degree in 
chemistry. 

It was the arrival of F. G. Donnan in 1904 in the new chair of physical chemistry which 
influenced his career so profoundly. Donnan, an Ulsterman of the highest ability, charm, and 
capacity for friendliness, fresh from working with van t’Hoff and Ostwald, immediately cap- 
tured us all, and we became ardent physical chemists on the spot. In these days, there were 
only six candidates for honours in chemistry, Allmand, Barker, Batey, Freeth, Hicks, and 
Purser. Our contacts with our professors were of a frequency and character which would be 
impossible nowadays on account of sheer numbers. Donnan’s method of inducting young men 
into research (there was no Ph.D. degree) was to get them to repeat some paper recently pub- 
lished by one of the best known men of the day. He introduced us to all the new techniques 
till then quite unknown to us: thermostats, capillary electrometers, the phase rule techniques, 
and so forth. Besides all this, he gave us a broad European outlook which stayed with most of 
us for the rest of our lives. 

Allmand was immediately attracted by electrochemistry. It was his major scientific 
predilection though he had numerous and successful incursions into photochemistry and 
adsorption. 

Returning to our chronology: after taking his Honours degree in 1905, Allmand began 
research under the aegis of Donnan. The latter, for the next few years, in addition to his 
ordinary duties, had to play a substantial part in the design and equipment of the Muspratt 
Laboratory of Physical Chemistry. In this he was ably and devotedly assisted by Allmand who 
thereby gained an experience which was always useful to him. His progress was marked by an 
M.Sc. degree in 1906, anda D.Sc. in 1910. In the latter year he was awarded an 1851 Exhibition 
which took him -to Karlsruhe under Haber in 1910—1911 and to Dresden under Luther in 
1911—1912. Commenting on his experience in Germany, Allmand said that, while he liked 
both Haber and Luther well enough and had the greatest respect for their work, they had little 
personal influence on him. Neither of the researches in which he was engaged came off and as 
he quite over-modestly suggested ‘‘ a better experimenter would have learned more than I did 
from the failures.’’ Parenthetically surely, this was due to his eyesight; as a child his eyes 
were normal, but as an aftermath of scarlet fever he had to wear very thick glasses which were 
a great handicap to any manipulation or the playing of games. 

In 1912 and 1913 Allmand was Donnan’s research assistant in Liverpool and accompanied 
him to London when the latter followed Sir William Ramsay in the Chair of Chemistry 
in University College. From 1913 to 1919 Allmand was assistant lecturer and demonstrator 
in the University of Liverpool. In the summer of 1914 Allmand and Donnan travelling in 
Germany were only able to escape by the skin of their teeth by way of Poland, Russia, and 
Sweden. 

In October 1914 Allmand sent a telegram to Freeth, who was serving in the 5th (E. of C.) 
Battalion the 22nd (Cheshire) Regiment, T.A., ‘‘ Can you assist me to obtain a commission in 
the Cheshire Regiment.’’ To which the reply came, “‘ Yes, if you will shave off your beard.”’ 
He was commissioned in January, 1915, and took to soldiering in that quiet, conscientious, 
tolerant, efficient way in which he did everything else. In the spring of 1915 he joined the 5th 
Battalion near Ypres; they subsequently went to the Somme. After the beginning of chemical 
warfare every officer with any chemical knowledge was roped in to assist in overcoming it. 
Allmand was seconded from Regimental duty to ‘‘ Gas ’’ Services, R.E., as Assistant Chemical 
Adviser to the Third Army. He was awarded a Military Cross in 1916. In that year he was 
made Chemical Adviser to the Fourth Army; in 1918 he held the same appointment with the 
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Second Army, was in the Army of Occupation and in 1919 was demobilized with the rank of 
Major. 

In 1919 he became Professor of Chemistry at iXing’s College, London, later becoming Dean 
of the Faculty and senior professor till his retirement in 1950. 

In 1920 Allmand married Mlle M. M, S. Malicorne at St. Mandé (Seine). His parents-in-law 
were Normans from the St. Lo district ; small landowners, professional and service people well 
describes them. ‘There were three children of the marriage: a daughter named Marguerite, 
who is married to a Civil Servant named John Murphy; a son Michael, who at the age of 20, 
was killed in the last war, serving in a Ghurka Battalion with the Chindits, being awarded a 
posthumous V.C.; and a younger son, Christopher, who is still being educated. 

About the time of his marriage he joined what one of the orators at his memorial service 
termed the ‘‘ Roman Obedience.’’ This to Allmand was simply ‘‘ the Catholic Church.’’ It 
was a landmark and turning point in his career. “Tt did not surprise the writer at all. Allmand 
was naturally a religious man, and had found the Church and the creed which claimed and held 
his devotion for the rest of his life. 

Allmand was a Vice-President of the Chemical Society. He was most appropriately Pre- 
sident of the Faraday Society, 1947—1948. He was an Honorary Fellow of the Polish Chemical 
Society. He was elected into the Royal Society in 1929. He wasa Fellow of the Royal Institute 
of Chemistry, belonged to the Electroplaters Technical Society, and was for many years a 
member of the American Chemical Society and the Deutsche Bunsen Geselischaft. As already 
stated he retired from the Chair at King’s College and only survived for one year, dying after 
an operation on August 4th, 1951. 

The heroic death of his son in 1944 was a blow from which he never really recovered. The 
Pope made him a Knight of the Order of Saint Gregory in 1950. 

He altered very little in appearance throughout his life. He was a grave youth and much 
shyer than many people realized. Physically he was not really strong and kept going largely 
by his will power. The writer has a vivid recollection of a long walk with him in North Wales 
in the spring of 1903 or 1904. Intending to go about twenty-five miles, owing to a mistake in 
direction we found ourselves at tea-time with twenty or more miles to go. In all we walked 
fifty miles in the day. During the last ten miles he became exhausted and characteristically 
refused any help until about the last few miles. He just drove himself along. All information 
received from his friends, pupils, and associates points in the same direction, Allmand working 
himself again and again to the verge of breakdown in doing what he regarded as his duty to 
the college and above all to his students. He was a great teacher, his lectures were a model 
of clarity, and the pains he took were beyond belief. He never sought the limelight at all. 
His researches were devised to educate his students, many of whom have attained great 
distinction in academic and technical life. To quote from one of them in a great industrial 
research laboratory: ‘‘ As an administrator he was actively concerned with the most minute 
details particularly where they ccncerned the well-being of an individual. He was indeed 
meticulous in all he undertook. As a lecturer his subject matter was excellent, but he had a 
very quiet voice which did not carry well, and he talked at an extremely fast rate. As a teacher 
of research he was outstanding. He would come into each research laboratory several times 
each week and ask each worker how things were going. You would tell him and he would 
often say, ‘what do you think is the mechanism.’ As young men full of enthusiasm we 
propounded our theories, which often were obviously absurd if we could have realized it. He 
néver told us that our ideas were impossible, but instead he gradually turned the conversation 
until in a quarter of an hour’s time the student said his views were hopeless. He developed 
his students’ reasoning powers and made them think and talk. Truly a very great attribute. 
He had a phenomenal memory and would quote author, journal, year, and page number of 
quite abstruse papers on a wide variety of subjects embraced by physical chemistry. He was 
indeed a glutton for work and toiled on till the early hours of the morning, so much so that he 
had several breakdowns or near-breakdowns and was forced to take life more easily.” 

The director of research in one of our great chemical companies says of him: ‘‘ Before 1914 
Allmand’s main interest had been electrochemistry. After the war he added to this a growing 
interest in photochemistry and by 1924 had several researches in both these branches of physical 
chemistry. Debye and Hiickel had just made their great contributions to the theory of solutions 
of electrolytes, but thereafter, for a time, the subject became somewhat’arid, progress with the 
theory of concentrated solutions, which Allmand would have liked to advance, became very 
slow and work on the subject leaned heavily in the direction of thermodynamic treatment and 
development. Photochemistry, on the other hand, was still at an early stage, for its development 
had waited for the development of the quantum theory and for improved instruments and 


[1954] Obituary Notices. 4709 


techniques. It afforded unlimited scope for careful and precise measurements and was con- 
stantly throwing up new problems. I remember that in those days much work was being done 
by Allmand on the hydrogen-chlorine reaction, then a most baffling problem. Photochemistry 
brought its connexions with spectroscopy, kinetic theory, and reaction kinetics that added 
greatly to the breadth of Allmand’s learning and the interest of his school.” 

Allmand soon came to be regarded as a leading photochemist. He maintained his interest 
in electrolytes and usually had students working on this subject and kept up a remarkable 
knowledge of its literature by a prodigious amount of reading. 

““ He was extremely helpful and considerate to his students. He expected hard work from 
them, and in return he worked extremely hard both in physical chemistry, which was his absorb- 
ing interest, and in the interest of his students. He was especially conscientious about his 
supervisory duties and his research students were visited by him three or four times a week. 
He was a familiar figure, with his fiery hair and large round, gold-framed spectacles. Usually 
he was dressed in a blue suit, flannel shirt, and regimental tie. He confined himself to the 
business in hand and though he would discuss a problem with great animation, bringing to it 
evidence of wide and deep knowledge, he did not linger, during the day, to discuss anything but 
work. He was too busy a man, through being in the best sense a slave to duty. He had an 
enthusiasm for army life and training, rather unusual at that time, which perhaps reflected the 
great influence his war-time service had had upon him. Allmand was excellent as a lecturer, 
clear, precise, and elegant in method, and his clarity was used to take the fullest advantage of 
the careful and thorough preparation he so evidently and invariably gave to his material. 
Allmand had all the qualities needed by a university professor to help him to fulfil, and more 
than fulfil, his duty to the University, the college and its members, and the many professional 
bodies he was connected with. A man of greater genius might have left a greater mark on the 
development of his subject, but, only, I think, at the expense of the trouble which Alimand took 
over the teaching and training of men, for he did see that during those years at King’s College physical 
chemistry was well taught and research was weil supervised.” 

The above quotations amply prove the final conclusions of the writer, namely, that Allmand’s 
main working life was dominated by his intense religious conviction that his duty was to serve 
his country, his university, and his students to the greater glory of God. This conclusion is 
supported by the statement of Sir Ernest Barker in his book on King’s College, which was 
brought to the writer’s notice just as this biography was completed. Speaking of King’s College, 
London, he said, ‘“‘in chemistry there was that rare spirit, saint as well as chemist whose 
memory is a benediction.’’ On this note we can leave our friend Allmand secure in the affection, 


admiration, and respect of generations of students and of all who knew him. 
F. A. FREETH. 


MARSTON TAYLOR BOGERT. 
1868—1954. 


Marston TAYLOR BoGeErT was born in Flushing, New York, on April 18th, 1868, and died in 
New York City on March 2l]st, 1954. His long and intensely active professional life was 
intimately and continuously connected with Columbia University, with the development of 
organized activity in chemistry in the United States, and with the fostering of international 
co-operation in science. 

Bogert attended Columbia College, as did his father and his three brothers, and he continued 
his studies in Columbia’s School of Mines, from which he obtained the degree of Ph.B. in 1894. 
This was at a time when a small college was in the early stages of an expansion which led to 
the establishment of a great University under the leadership of Nicholas Murray Butler. 
Graduate instruction in chemistry had just been started, and Bogert’s outstanding abilities 
found their opportunity in this expansion. Appointed in 1894 an assistant to Charles Colby, 
Adjunct Professor of Organic Chemistry, he succeeded Colby on his death three years later 
and from then until he retired in 1940, he was a distinguished member of the staff of the 
University. From the beginning brilliant young men flocked to Bogert’s laboratory to be 
trained for careers in research, and went forth to assume positions of importance in academic 
life and in the rapidly expanding chemical industry. It is an interesting comment on the 
times that, while Bogert remained firm in his attachment to synthetic organic chemistry, his 
early students included men who became leaders in analytical chemistry, in physical chemistry, 
and in biological chemistry, as well as in organic chemistry. Bogert’s own research activities 
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were on terpenes, essential oils, alkaloids, arsenical drugs, vitamins, and perfumes and led to 
over four hundred publications in the various scientific journals. Columbia recognized his 
accomplishments and his many services to the University by an honorary Sc.D. degree in 1929, 
by the Egleston Medal in 1939, and by the Charles Frederick Chandler Medal in 1949. 

Bogert’s professional career accompanied a phenomenal growth in chemistry in the United 
States and he was a most active participant in the parallel development of professional 
organizations. The American Chemical Society, which now numbers over 70,000 members, 
was founded with 133 members when Bogert was nine years old, and had grown to something 
like 1000 when he began to take an active part in its affairs at the start of his professional 
career. In 1901 he was Chairman of the New York Section of the Society, and in 1907 and 
1908 he was President of the national Society. He received the Society’s Nichols Medal in 
1905 and the Priestley Medal in 1938. Throughout his life he was a constant attendant at 
meetings of the Society and of the many other professional organizations to which he belonged. 
He was a Founding Member of the Chemists’ Club, which has played an important role in the 
chemical life of the Metropolitan New York area. When the First World War came he 
organized and became first chairman of the Division of Chemistry and Chemical Technology 
of the National Research Council, in 1918 he was commissioned a colonel in the newly formed 
Chemical Warfare Service, and he further served in countless ways as adviser to government 
agencies. 

Bogert became a Fellow of the Chemical Society in 1898. His lifelong interest in co- 
operation between American chemists and those of other countries is further shown by his 
acti, ty in the American sections of the Society of Chemical Industry and of the Société de 
Chimie Industrielle and by his appointment to give lectures at the Charles University in Prague 
as the first Carnegie Professor of International Relations. It culminated in his election in 1938 
as the first American President of the International Union of Pure and Applied Chemistry. 
His devotion and tact are in large measure responsible for the successful re-establishment 
of the Union after the Second World War, and he himself felt that this re-establishment was 
one of his most valuable accomplishments. 

Bogert was distinguished in appearance, striking in personality, and gifted with wit and 
eloquence. He was the perfect presiding officer at all public occasions, and his absence will 
be deeply felt. 

L. P. HAMMETT. 


HUGH GRIFFITHS. 
1891—1954. 


Mr. HuGu GrirFitus, who died at Bexley, Kent, on June 26th, 1954, was born at Middlesbrough 
on July 28th, 1891. At an impressionable age he was interested in chemistry by W. M. Hootton 
who later became science master at Repton. His mathematical mentor was a Dutchman, 
A. F. van der Heyden. Griffiths won a National Scholarship which enabled him to study 
Chemistry at the Royal College of Science. During the first World War he was with Nobel’s 
and was immediately thrust into the position of having to help in the design of all the new plant 
required for explosives. 

After the war he set up as a Chemical engineering consultant, in which sphere he was helped 
by his command of the German language and his many contacts on the continent. 

In 1945 he was elected President of the Institution of Chemical Engineers and on March 
17th, 1949, he was elected a Fellow of the Society. 

His contribution to chemical engineering education was an insistence that it was only 
good enough if it provided an exact blend of practice and theory. He strongly supported 
the so-called ‘‘ Home Paper ”’ of the Institution in which the candidate has to design a plant 
for making a given quantity of some chemical and to calculate everything as far as possible 
from first principles. 

His own interests were centred on crystallisation and adsorption and it was always a 
revelation to the listener to find out how little information existed to supply essential data for 
the rational design of plant to cover these two unit operations. 

His other interests were the chemical engineering aspects of vacuum techniques, thermo- 
dynamics, and the teaching of the use of the gravitational system in which on the engineering 
side the continental practice differed greatly from our own. 

It was always a great treat for his listeners to hear the masterly logical way, after a 
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complicated paper had been read at a meeting, in which he stripped it of its frills and laid 
bare the essential bones of the contribution. He was indeed at his best in demolishing the 
present day reprehensible practice of plotting groups of dimensionless numbers as ordinates 
and abscissae on log-log paper and drawing a line through the scatter of points so obtained. 
We have indeed lost in him a champion against humbug in all its forms and one who was 
able to guide the destiny of his chosen profession with a clear and foreseeing mind at a time 


when: it most needed his help. 
M. B. Donatp. 


LAWSON JOHN HUDLESTON. 


Lawson JOHN HUDLESTON was born on May 8th, 1891. He was educated at University College 
School, and University College, London, where he graduated in 1913. His post-graduate 
research was soon interrupted by the First World War; holding a Special Reserve Commission, 
he served with the First Middlesex Regiment through the retreat from Mons, was mentioned in 
dispatches, and awarded the Military Cross in 1915. He was transferred to the Ministry of 
Munitions in 1917 and worked on the synthesis of ammonia until the end of the War; then, as 
Salters Fellow, he was with Professor H. Bassett at Reading for a year. 

In January 1920 he was appointed lecturer at the University College of Wales, and he settled 
down in Aberystwyth, marrying Miss Mabyn Thompson, of the Zoology Department, who, with 
one daughter, survives him. He soon attracted research students, and embarked on a study of 
the physical chemistry of aqueous hydrofluoric acid solutions. This involved the construction 
of wax apparatus, effective though sometimes of strange design, for E.M.F., transport-number, 
vapour-pressure and freezing-point measurements, and established the existence of the ion 
HF,~, the absence of H,F,, and the instability constant of the former (J., 1924, 1925). He then 
devoted himself to the writing of ‘‘ Chemical Affinity ’’ (1928), a monograph which illuminated 
for many chemists of the time the practical handling of thermodynamic data. 

Hudleston’s later publications were mostly theoretical: Aberystwyth was a small chemistry 
department between the two wars, and the opportunities for directing effective research were 
very limited. Apart from one or two studies in kinetics they were concerned with molecular 
forces in liquids, and with the critical interpretation of experimental data. In 1936 he was 
persuaded to take command of the Aberystwyth T.A. Battery. He was in command of the 
Cardiganshire Field Regiment, R.A., in 1939, and again served throughout the War, during the 
latter half of it on the staff of the Scientific Adviser to the Army Council. Here his flair and 
enthusiasm for applying scientific method to novel problems was of great value, and he did 
important work on the control of artillery bombardments, and also in getting the scientific 
approach to such problems appreciated by the fighting units. He was in charge of operational 
research with the army during its advance through Italy. 

Hudleston was deeply interested in teaching methods, and was held in the highest regard 
by his students and colleagues. He continued to give whole-hearted service to the community, 
as well as to the College, after the Second World War; he was chief technical reconnaissance 
officer in the Cardiganshire Civil Defence organization, and was on a Civil Defence course in 
London at the time of his last illness. He died in Aberystwyth on April 25th, 1954. 

C. W. Davies. 


ANTHONY LEWIS LEVY. 
1924—1954. 


ANTHONY Lewis Levy, born on July 30th, 1924, at Romford, Essex, received his early educa- 
tion at Brentwood School and his scientific training at the Imperial College of Science and 
Technology, London. His early research was related to the possible synthesis of penicillin 
but his enthusiasm and imagination soon became fired by the potentialities of some of the methods 
then under investigation, especially in their relation to the chemistry of the amino-acids and 
peptides. This interest persisted so that no less than 17 out of his 18 publications, latterly 
as the senior author, and mostly in the Journal, were directly concerned with this field. From 
the chemistry of 5-aminothiazoles, which Levy’s ingenuity made easily available, it was a short 
step to 2-thio-5-thiazolidones and their application under mild conditions to the controlled 
synthesis of peptides of diverse nature. The parent 2-thio-5-thiazolidone, itself a derivative 
of glycine, was moreover skilfully applied to the novel synthesis of a range of other amino-acids. 
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With remarkable insight Levy seized upon the key reaction in this work, namely, the interaction 
of «amino-acids and carbon disulphide under selected conditions, and so adjusted the con- 
ditions that the stepwise breakdown of peptides could be brought about with a facility equal to 
that employed in their synthesis. This work was continued at the Carlsberg Laboratorium, 
Copenhagen, and still later at the University of California, U.S.A. Recently his interests had 
been concentrated on the purification and properties of «-corticotropin from sheep pituitary 
glands and his last publications arising out of this work described valuable general additions 
to the analytical chromatography of amino-acids on paper. One of these he himself amusingly 
characterised as ‘‘ the poor man’s ‘ Moore and Stein’ method.” 

Determination, an insatiable curiosity, and an unassuming manner were Levy’s outstanding 
personal characteristics. He at one time suffered from a hesitancy of speech which he eventually 
overcame, though only those who knew him well could appreciate the unyielding resolution 
which enabled him to do so. Levy’s love of chemistry amounted to a fascination for his chosen 
science. He early made himself a laboratory at home and later added to his experience at school 

- by acting as laboratory assistant. As a preparative organic chemist he could only be de- 
scribed as an artist with an unfailingly high standard of execution and with an unusual flair 
for seeing new reactions and products when others would see no more than an uninviting tar. 
In addition to chemistry there seemed to be few general interests that failed at various times to 
receive his attention : scouting, camping, music, sports, politics, social service, and many other 
activities came within range of his lively intelligence. He was for many years specially attracted 
by mountaineering and it was while climbing on Mount Olympus, Washington, U.S.A., on 22nd 
August, 1954, that some of the party of which Levy was a member got into difficulties. It was 
reported that in aiding his companions Levy became exhausted and died before effective 
assistance could be brought. 

There seemed little doubt that he was destined to reach a foremost position in his selected 
field of work, and his early and tragic death is a real loss to chemistry. 


BOP COO: 


CHARLES ROBERT SYDNEY TENNISWOOD. 
1906—1954. 


HE death of C. R. 5. Tenniswood, M.Sc., in a car accident in West Africa on May 22nd, 1954, 
cut short a career already rich in achievement. He was born on June 3rd, 1906; he obtained 
First Class honours in chemistry in Armstrong College (as it then was) in 1927, and followed 
it with a period of research (see J., 1931, 429) during which he also did much to develop 
organic microanalysis, then in its infancy in the College. Later he became Head of the 
Chemistry Department of Wandsworth Technical College and in the war was on the staff of 
the Ministry of Supply. 

In 1944, Tenniswood was i.ppointed teacher of Chemistry at Makerere College in Uganda 
where he was faced with the task of building up a University Chemistry Department from 
literally nothing. The standard of education in Africa at that time was very low and the 
equipment and accommodation available were meagre. 

To begin with he was single-handed but by 1954 the staff of the Department consisted of 
four lecturers in addition to Tenniswood who had been appointed Professor. Students of the 
Department were prepared for the external degree of London University and before his death 
he had the satisfaction of seeing his first batch of pupils obtain the London B.Sc. 

The difficulties encountered in East Africa made the building up of such a department a 
truly formidable task. Despite this, however, as well as creating a’ teaching department, 
Tenniswood played a very full part in the evolution of the comp/ex machinery of a University 
and at the time of his death was Dean of the Faculty of Science. 

In spite of the many duties which pressed upon him he found time to do some research on 
the active principles in local plants and he always encouraged his staff to undertake research. 

Each time he came home he was full of ideas and hope for future research but alas he has 
been denied the happiness of reaping what he has sown. 

Professor Tenniswood’s death is a tragic loss to University education in East Africa and 
to the economic improvement based on technical assistance so essential for good future racial 
relationships in that part of the dark continent. 

G. R. CLEmo. 
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...confirmed by the experts 


““The mean for these experiments gives 75.07. We therefore 
consider 75 as the true number indicated by these experi- 
ments for the atomic weight of carbon. It is remarkable that 
this number was fixed upon theoretically by the English 
chemists and has now been confirmed by experiments.” 


DR. MARCHAND OF BERLIN made this state- 
ment in a letter recorded in the first 
volume of the Proceedings of the Chemical 
Society (1841), challenging the claim of 
Liebig and Redtenbacher to have estab- 
lished 75.854 as the correct atomic weight 
for carbon. In those days atomic weights 
were related to oxygen as 100, and it is 
notable that the 1951 atomic weight for 
carbon calculated on this basis is 75.063 


compared with Marchand’s figure of 
75.07 derived from the combustion of 
diamond and graphite. 

Dr. Marchand, whose methods were 
simple and direct, would have welcomed 
the convenience and accuracy of ‘AnalaR’ 
reagents. It is even possible that they 
would have assisted the highly elaborate 
analytical work of Liebig and Redten- 
bacher to a more successful result. 
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SCIENTIFIC MEETINGS DURING MARCH, 1954 
LONDON. 
Thursday, March 25th, 1954, at 7.30 p.m. 


Liversidge Lecture, Organometallic Compounds containing Fluorocarbon Radicals, by 
Professor H. J. Emeléus, M.A., D.Sc., F.R.S. To be held in the Rooms of the 
Society, Burlington House, W.1. 


ABERDEEN. 
Friday, March bth, 1954, at 7.30 p.m. 


Lecture, Recent Advances in Carotenoid Chemistry, by Mr. T. W. Goodwin, M.Sc., 
F.R.L.C. Joint Meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry. To be held in Robert Gordon’s Technical College. 


BIRMINGHAM. 
Friday, March 12th, 1954, at 4.30 p.m. 


Lecture, Frietion and Lubrication, by Dr. D. Tabor. Joint Meeting with Birming- 
ham University Chemical Society. To be held in the Chemistry Department, 
The University. 


BRISTOL. 
Thursday, March 4th, 1954, at 7 p.m. 


Lecture, National Fuel Resources and their Utilisation, by Dr. A. Parker, C.B.E. 
Joint Meeting with the Royal Institute of Chemistry, the Society of Chemical 
Industry, and the Institute of Fuel. To be held in the Department of 
Chemistry, The University. 


Thursday, March 18th, 1954, at 7 p.m. 


Lecture, Patent Specifications Regarded as Chemical Literature, by Dr. W. A. 
Sylvester. Joint Meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry. To be held in the Department of Chemistry, The Univer- 
sity. 


CAMBRIDGE. 
Friday, March 5th, 1954, at 8.30 p.m. 


Lecture, Azaporphyrins, by Professor R. P. Linstead, C.B.E., F.R.S. Joint Meeting 
with the University Chemical Society. To be held in the Chemical Laboratory, 
The University. 


EDINBURGH. 
Thursday, March 18th, 1954, at 7.30 p.m, 


Meeting for the Reading of Papers. Joint Meeting with the Royal Institute of 
Chemistry and the Society of Chemical Industry. To be held in the North 
3ritish Station Hotel, Edinburgh. 


EXETER. 
Friday, March 5th, 1954, at 5.30 p.m. 


Lecture, Rubber, by Dr. C. M. Blow, B.Sc., F.R.I.C. Joint Meeting with the Royal ° 
Institute of Chemistry and the Society of Chemical Industry. To be held at 
the Technical College, Plymouth. 


Tuesday, March 9th, 1954, at 5.0 p.m. 


Tilden Lecture, Aromatic Character in Seven-membered Ring Systems, by Dr. A. W. 
Johnson. To be held in the Washington Singer Laboratories. 


IRISH REPUBLIC. 
Friday, March 19th, 1954, at 7.45 p.m. 
Lecture, Structural Relations of Natural Products, by Sir Robert Robinson, O.M., 
F.R.S. Joint Meeting with the Werner Society. To be held in the Chemistry 
Department, Trinity College, Dublin. 


Tuesday, March 23rd, 1954, at 7.45 p.m. 

Lecture, Some Aspects of Oligo- and Poly-saccharide Synthesis, by Dr. E. J. Bourne, 
A.R.I.C. Joint Meeting with the Institute of Chemistry of Ireland, the Royal 
Institute of Chemistry, and the Society of Chemical Industry. To be held in 
Cork. 


Wednesday, March 24th, 1954, at 7.45 p.m. 


Lecture, Some Aspects of Oligo- and Poly-saccharide Synthesis, by Dr. E. J. Bourne, 
A.R.I.C. Joint Meeting with the Institute of Chemistry of Ireland, the Royal 
Institute of Chemistry, and the Society of Chemical Industry. To be held in 
the Department of Chemistry, University College, Dublin. 


Friday, March 26th, 1954, at 7.45 p.m. 


Lecture, Some Aspects of Oligo- and Poly-saccharide Synthesis, by Dr. E. J. Bourne, 
A.R.I.C. Joint Meeting with the Institute of Chemistry of Ireland, the Royal 
Institute of Chemistry, and the Society of Chemical Industry. To be held in the 
Department of Chemistry, University College, Galway. 


LEEDS. 
Tuesday, March 9th, 1954, at 6.30 p.m. 


Lecture, The Stereochemistry of cycloHexane Derivatives, by Professor D. H. R. 
Barton, Ph.D., D.Sc., F.R.I.C. Joint Meeting with Leeds University Chemical 
Society. To be held in the Chemistry Lecture Theatre, The University. 


Tuesday, March 15th, 1954, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, Chemistry, Biochemistry, and Isotopic Tracer 
Technique, by Dr. G. J. Popjack, M.D. To be given in the Chemistry Lecture 
Theatre, The University. (All Fellows are invited.) 


LIVERPOOL. 


Thursday, March 25th, 1954, at 5.0 p.m. 
Lecture, The Biochemistry of the Adrenocortical Hormones, by Professor G. F 
Marrian, F.R.S. Joint Meeting with the Royal Institute of Chemistry, Society 


of Chemical Industry, the British Association of Chemists, and the University 
To be held in the Chemistry Lecture Theatre, The 


Chemical Society. 
University. 


MANCHESTER. 


Wednesday, March 31st, 1954, at 10.30 a.m.—6.0 p.m. 


Symposium, Dynamie Stereochemistry. Speakers will include Professor K. Alder, 
Professor D. H. R. Barton, Dr. P. B. D. de la Mare, Professor E. D. Hughes, 


Professor C. K. Ingold, Professor Dr. V. Prelog, and Professor S. Winstein. 
Joint Meeting with the Royal Institute of Chemistry, the Society of Chemical 
Industry, and the Institute of Petroleum. To be held in the Lecture Theatre, 
The University. 


NORTHERN IRELAND. 
Friday, March 5th, 1954, at 7.15 p.m. 
Lecture, Chemical Engineering and Industrial Productivity, by Professor D. M 
Newitt, F.R.S. Joint Meeting with the Royal Insitute of Chemistry. To be 
held in the Agriculture Lecture Theatre, Queen’s University, Belfast. 


NORTH WALES. 


Thursday, March 18th, 1954, at 5.45 p.m. 
Lecture, Some Problems in the Chemistry of Polypeptides, by Professor H. N. Rydon, 


Joint Meeting with the University College of North 
To be held in the Department of Chemistry, Univer- 


Ph.D., D.Sc., F.R.I.C. 


Wales Chemical Society. 
sity College of North Wales, Bangor. 


ST. ANDREWS AND DUNDEE. 


Thursday, March 4th, 1954, at 7 p.m. 
Society of Chemical Industry Lecture, Recent Developments in Carotenoid Bio- 
chemistry, by Dr. T. W. Goodwin, M.Sc., F.R.I.C. To be given in the 

(All Fellows invited.) 


Chemistry Department, University College, Dundee. 


Friday, March 19th, 1954, at 7 p.m. 
Royal Institute of Chemistry Lecture, Technical Education, by Professor H. B. 


Nisbet, D.Sc., F.R.I.C. To be given in the Chemistry Department, University 


College, Dundee. (All Fellows invited.) 


SHEFFIELD. 


Thursday, March 4th, 1954, at 7.30 p.m. 
Official Meeting and Lecture, Organic Reactions of Nitrous Acid, by Professor C. K. 
Ingold, D.Sc., F.R.S. To be held in the Chemistry Lecture Theatre, The 


University. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 


The Council regrets to announce the death of Leslie Pyke (London, $.W.1), who was 
elected to the Fellowship on December 2nd, 1886. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to the following Fellows 
who completed 60 years of Fellowship on December 7th, 1953 : 


Henry Edwin Hadley (Kidderminster). 
Harold Bertram Holthouse (Nottingham). 
Philip Schidrowitz (London, W.5). 


and to the following Fellows who completed 50 years of Fellowship on December 3rd, 1953. 


Erasmus Robert Bugge (Sittingbourne). 
Charles Edward Fawsitt (Sydney, N.S.W.). 
John Albert Newton Friend (Birmingham, 13). 
David Baird Macdonald (Narborough, Leics.). 
Gordon Wickham Monier-Williams (Guildford). 
William Branch Pollard (Reigate). 

Philip Wilfred Robertson (Stanmore). 

Arnold Turner (Eastbourne). 

William Ernest Stephen Turner (Sheffield, 10). 


ELECTION OF NEW FELLOWS. 
The following 97 candidates were elected Fellows of the Society on December 17th, 1953 : 


Aubyn Lester Adkins. 
Albert Derrick Allen. 
Edwin Charles Attwood. 
Douglas John Avery. 
Alan Keith Barnard. 
John Allan Berry. 

John Ridgway Bowman. 
Bernard Hans Braun. 
William Nicol Broatck. 
Reynold Vernon Charley. 
Cedric Louis Chernick. 
Edward Charles Daniel Cocking. 
Errol James Cook. 

Roger Charles Dalling. 
David Ian Davies. 


William Alexander McIntosh Duncan. 


Malcolm Louis Duns. 

Dov Elad. 

Peter Stanley Fitt. 

Ian Stuart Fox. 
Lawrence Edwin Geller. 
Hugh Harper Gibbs. 
Harold Goldwhite. 
Margaret Earl Greene. 
Derrick Grunwell. 

Syed Zahir Haider. 

Peter Alexander Hallgarten. 
Pieter Martinus Heertjes. 
Lars H. Hellberg. 

Walter Frank Hemmens. 
Nenokichi Hirao. 

Thomas Frederick Holley. 
Norman Roy Hood. 
Derek Ilse. 


Arthur Jacobson. 

Keith Mitchell Johnston. 
James Andrew Kafalas. 
David Rankine Kennedy. 
Terence Edward Creasey Knee. 
Alexander Jerry Kresge. 
Roger Roy Last. 

Allan Kenneth Lazarus. 
Dennis Aubrey Lewis. 
Edwin Anthony Charles Lucken. 
Richard Edward Lyle. 
Keith Stuart McCallum. 
Edmund Alan McGill. 

Pete Lewis McIlmoyle. 
Donald James Mackenzie. 

J. Hodge Markgraf. 

Donald Ray Martin. 

Derek Charles Medcalf. 

Will Docking Merritt. 
Pierre Henri Mesnard. 
David Courtenay Newton. 
Mark Andrew Niedzwiedzki. 
Michael Edward O’Byrne. 
Philip Malcolm Orton. 
James Quested Parfitt. 
John Parrick. 

Thomas Edward Peacock. 
George Stanley Perry. 
Ramchandra Jagannath Phadke. 
Peter Colin Phillips. 

K. N. Gopinathan Pillai. 
Jennifer Marise Porter. 
William James Porter. 
Rhoderick Malcolm Powrie. 


Anthony John Price. James Ludlow Tayler. 
Harry David Coleman Rapson. Kenneth James Taylor. 
Gordon Riley. Melanie Patricia Thorne. 
Charles Ernest Rowe. B. S. Thyagarajan. 

Luigi Sacconi. William Haworth Todd. 
Michael Hope Sandilands. Lloyd Woodbury Trevoy. 
Stafford Scholes. Frederick Vratny. 

Jalal Uddin Shah. Arthur Alexander Webb. 
Charles James Granville Shaw. Dagoberto Eberhard Weisbach. 
Derek Alan Shingleton. Denys Michael Wells. 
Ryonosuke Shiono. Frank H. Westheimer. 
Robert Harry Smith. Herbert Ransom Wetherell. 
James Wheater Spoors. Philip Erwin Wiegert. 
Bruce Bernot Stowe. Strathearn Wilson. 

James A. Tarricone. 


RESEARCH FUND. 
The Council has approved the following grants from the Research Fund. 


Agar, J. N. (Cambridge) 
Bentley, K. W. (Aberdeen) 
Blair, J. A. (Gold Coast) 
Bonner, T. G. (London) 
Bower, J. D. (Huddersfield) 
Briggs, L. H. (Auckland) 
Brown, M. G. (Winchester) 
Chapman, N. B. (Southampton) 
Crocker, A. J. (London) 
Dainton, F. S. 

Evans, A. G. ( 

Glover, K. H. (London) 

Hart, E. P. (Nottingham) 
Hartshorne, N. H. (Leeds) 
Hough, L. (Bristol) 
Khundkar, M. H. (East Pakistan) 
Kurzer, F. (London) 

Linnett, J. W. (Oxford) 
Morrison, G. A. (Aberystwyth) 
Neale, A. J. (Leeds) 

Praill, P. F. G. (London) 
Ramage, G. R. (Huddersfield) 
Ross, W. A. (London) 
Schofield, K. (Exeter) 
Sheldon, E. (London) 

Soulal, M. J. (London) 
Symons, M. C. R. (London) 
Tyler, J. M. (Southampton) 
Tyman, J. H. P. (Liverpool) 
Whitehurst, J. S. (Exeter) 


— 


oooocoecececoouwcscoocoouceo 


NEW JOURNAL TO REPLACE BRITISH ABSTRACTS AIII, 


For the past sixteen years, Section AIII of British Abstracts, published under the 
direction of the Bureau of Abstracts, has covered physiological, biochemical, and medical 
publications. Section AIII will be replaced in 1954 by a new journal to be published under 
the auspices of the Anatomical, Biochemical, Endocrinological, Pathological, Pharmaco- 
logical, and Physiological Societies. The publication will be entitled British Abstracts of 
Medical Sciences. 

Commencing in January, 1954, there will be twelve monthly issues, eleven of which 
will contain abstracts, the December number containing an author and subject index for 
the year. 

As hitherto, abstracts will cover all significant papers in Anatomy, Biochemistry, 
Experimental Biology, Experimental Medicine, Microbiology, Pathology, Pharmacology, 
and Physiology. 
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The annual subscription for 1954 will be £10 post free, and subscriptions should be 
forwarded to the Honorary Treasurer, Professor H. P. Gilding, Department of Physiology, 
The Medical School, Birmingham, 15. 


AMERICAN CHEMICAL SOCIETY. 


Fellows of The Chemical Society may enter subscriptions to journals published by the 
American Chemical Society at a discount of 10 per cent. from the non-member rates listed 
below. The discount does not apply to postage charges. 

All enquiries should be addressed to The American Chemical Society, 1155 Sixteenth 
Street, Washington 6, D.C., U.S.A. 


1 Year 2 Years 3 Years Postage 


; $. per annum. 

Chemical and Engineering News 6.00 10.00 14.00 2.25 
Journal of Agricultural and Food Chemistry 6.00 11.00 15.00 1.50 
Analytical Chemistry 4.00 7.00 10.00 1.20 
Industrial and Engineering Chemistry 5.00 8.00 11.00 2.70 
Analytical Chemistry and Industrial and En- 

gineering Chemistry (to one address) 8.00 13.00 18.00 3.90 
Chemical Abstracts . Not available 2.70 
Journal of the American Chemical Society ... , 26.00 38.00 3.00 
[he Journal of Physical Chemistry : 18.00 26.00 1.20 


(Canadian postage is one-third of the postage listed above.) 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at the University of Nottingham, on Thursday, November 26th, 1953, at 4.45 p.m. 


The President, Professor C. K. INGo.tp, D.Sc., F.R.S., was in the Chair. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : A. R. Mathieson, J. W. Gramshaw, 
P. C. Crisp, J. D. White, N. F. Elmore, J. D. Hague, M. W. Partridge, Miss A. Seabrooke, 
J. D. Dickinson, J. R. Hoosley, J. G. Topliss, H. Booth, J. G. Wilson, K. G. Mason, 
G. Jones, L. C. Manning, J. J. Hobbs, R. Wade. 


TILDEN LECTURE. 


After a brief introduction the President called upon Dr. A. W. Johnson to deliver the 
Tilden Lecture entitled “‘ Aromatic Character in Seven-membered Ring Systems.” At the 
conclusion of the Lecture, a vote of thanks to Dr. Johnson, proposed by Professor F. E. 
King, was carried with acclamation. Professor King also expressed his pleasure in wel- 
coming the Society to Nottingham. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on December 3rd, 1953, at 7.30 p.m. 
Professor D. H. Hey, Ph.D., D.Sc., Vice-President, was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meetings held at the Institution of Civil Engineers and 
the University of Nottingham on November 19th and 26th, respectively, were read, and 
were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society: A. Bowers, J. L. Beton, R. M. 
Boroughs, A. Crawshaw. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“The Chemistry of the Triterpenes and Related Compounds. Part XXIII. The 
Structures of Taraxasterol, %-Taraxasterol (Heterolupeol) and Lupenol-I.’’ By T. R. 
Ames, J. L. Beton, A. Bowers, T. G. Halsall, and E. R. H. Jones. 

“The Conversion of Hecogenin Acetate into 11-Oxotigogenin Acetate.’’ By J. W. Corn- 
forth, J. M. Osbond, and G. H. Phillips. 

““ Studies in the Synthesis of Cortisone. Part VIII. A Wagner—Meerwein Re-arrange- 
ment involving Rings C and D of the Steroid Nucleus.’’ By J. Elks, G. H. Phillips, 
D. A. H. Taylor, and L. J. Wyman. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on December 17th, 1953, at 7.30 p.m. 
The President, Professor C. K. Incoitp, D.Sc., F.R.S., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at Burlington House, on December 3rd, were 
read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society: J. E. Creed, A. J. Ferrell, R. O. 
Colclough, E. A. Lanham, G. A. H. Roberts, M. F. Lappert, C. W. Haigh. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


‘‘ The Polymerization of Styrene by Hydrogen Halides and Stannic Halides.”” By D.C. 
Pepper and A. E. Somerfield. 

‘ The Participation of Stannic Halide Catalysts in the Reactions of Styrene with Hydro- 
gen Halides. Halogen Exchange between Stannic Halides and 1-Phenylethyl Halides.” 
By K. Heald and G. Williams. 

“The Racemization of (—)-1-Phenylethyl Chloride by Stannic Chloride in Carbon 
Tetrachloride and its Bearing on the Cationic Polymerization of Styrene."” By K. Heald 
and G. Williams. 

“ The Kinetic Chain Length in the Polymerization of Styrene by Stannic Chloride in 
Carbon Tetrachloride.”” By G. Williams and J. S. Coe. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for January, 1954. Such objection will 
be treated as confidential. The forms of application are available in the Library.) 


*Ashby, Cyril Bernard. British. 24 Harrison Crescent, York Road, Leeds, 9. Laboratory Assistant 
with the Wool Industries Research Association, Leeds. Signed by: P. S. Turner, S. Blackburn, 
W. R. Burnham. 

*Atherton, John Nigel. British. Queen’s College, Cambridge. Student. Signed by: F. G. Mann, 
B. R. Brown, R. H. Glauert. 

*Barb, Maria Henriette, B.Sc. (Lond.). British. 193 Willesden Lane, London, N.W.6. Technical 
Assistant in British Celanese Patent and Information Department. Signed by: W. G. Barb, 
J. Matthews, B. F. M. London. 
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*Beckett, Peter John. British. 117 Boultham Park Road, Lincoln. Student at Nottingham Univer- 
sity. Signed by: S. C. Wallwork, A. R. Mathieson, W. E. Addison. 

*Brice, Victor Dene, B.A. (Oxon). British. 12 Staunton Road, Headington, Oxford. Student at New 
College, Oxford. Signed by: H. Irving, A. S. Bailey, S. G. P. Plant. 

*Brindley, Peter Bertram, B.Sc. (Lond.), A.R.I.C. British. 33 Mimms Hall Road, Potters Bar, Middle- 
sex. Student at Northern Polytechnic. Signed by: W. Gerrard, C. G. Smith, H. J. S. King. 
*Brocks, Gerald Thomas, B.Sc. (Lond.). British. County Police Station, Arnold, Notts. Research 

Student. Signed by: M. F. Ansell, K. N. Ayad, M. A. Davis. 

*Brown, Christopher John. British. ‘‘ Sunnycroft,’’ Parkend, Lydney, Glos. Student at University 
of Bristol. Signed by: F.H. Pollard, J. F. W. McOmie, H. Baum. 

*Clancy, Michael Joseph, M.Sc. (N.U.I.). Irish. The Chemical Laboratories, University College, 
Galway. Assistant in Chemistry Department. Signed by: T. Dillon, F. J. Coll, E. E. Lee. 

*Clarke, Peter, B.Sc. (Lond.). British. 1 Sproatley Road, Preston, E. Yorks. Research Student at 
King’s College, London. Signed by: S. H. Harper, D. B. Smith, J. Douglas. 

*Cochrane, Colin James. British. c/o J. Paterson, 35 Buckingham Avenue, Whetstone, London, N.20. 
Student at Sheffield University. Signed by: H. J. V. Tyrrell, A. S. C. Lawrence, P. A. H. Wyatt. 

*Courtney, Douglas Anthony, B.Sc. (Lond.). British. 30 Homefield Avenue, Newbury Park, Ilford, 
Essex. Research Chemist. Signed by: R. Slack, D. L. Pain, D. D. Libman. 

Dasent, Wilfred Effingham, M.Sc. (N.Z.). British. 19 Nottingham Street, Karori, Wellington, W.3., 
New Zealand. Junior Lecturer in Chemistry at Victoria University College. Signed by: S. N. 
Slater, W. E. Harvey, W. S. Metcalf. 

*Deuters, Barrie Eugene. British. 234 Westward Road, South Chingford, London, E.4. Student at 
South-West Essex Technical College. Signed by: R. A. Tingey, H. Holness, A. G. Smeeth. 

Fear, Ernest James Parfitt, B.Sc. (Bris.). British. 68 Broomhill Road, Cove, Farnborough, Hants. 
Research Chemist, Royal Aircraft Establishment, S. Farnborough. Signed by: N. J. L. Megson, 
G. A. Earwicker, K. Sellars. 

*Fleming, Robert, B.Pharm., A.R.I.C. British. 36 Fords Grove, Winchmore Hill, London, N.21. 
Assistant Lecturer in Chemistry at University of London. Signed by: L. Saunders, A. L. Glen, 
L. K. Sharp. 

*Frizel, Doris Ethel, B.Sc. (Lond.). British. Royal Holloway College, Englefield Green, Surrey. 
Postgraduate Research Student. Signed by: G. Williams, J. M. Tyler, T. G. Bonner. 

*Gale, Maung Mg, B.Sc. (Rangoon). Burmese. 15 Argyll Road, London, W.8. Research Student at 
Imperial College. Signed by: J. A. Elvidge, M. Whalley, G. E. Ficken. 

*Gauntlett, Roland Bodley. British. Brynrodyn, Dolgelley, N. Wales. Student at Cambridge Univer- 
sity. Signed by: F. G. Mann, P. Maitland, R. H. Glauert. 

*Geall, Charles Lewis, B.Sc. (Lond.). British. St. Helen’s, High Street, West Mersea, Colchester, 
Essex. Research Chemist at B.X. Plastics, Essex. Signed by: F. C. Lloyd, A. Lofthouse, F. 
Godson. 

*Gray, Paul Shapter. British. 23 Old Fallings Lane, Wolverhampton, Staffs. Chemistry Student. 
Signed by: E. J. Bourne, W. G. Overend, W. Wilson. 

*Greenwood, Peter Frank, B.Sc. (Lond.). British. ‘‘ Beverley,’’ Harwich Road, Mistley, Manningtree, 
Essex. Laboratory Assistant at B.X. Plastics, Ltd., Essex. Signed by: A. Lofthouse, F. C. Lloyd, 
Harold F. Godson. 

*Hallam, Bernard Frederick. British. London Road, Shardlow, Nr. Derby. Student at Sheffield 
University. Signed by: H. J. V. Tyrrell, P. A. H. Wyatt, T. S. Stevens. 

Hallam, Harry Evans, M.Sc. (Wales), A.R.I.C. British. Chemistry Department, University College 
of Khartoum, Khartoum, Sudan. Lecturer in Chemistry. Signed by: A. J. Henry, E. Burdon, 
M. Davies. 

*Harris, Michael Robin, B.Sc. (Lond.), A.R.I.C. British. 645 Rochdale Road, Royton, Lancs. Re- 
search Student. Signed by: K.S. W. Sing, A. Holt, W. P. Thistlethwaite. 

*Haugh, Norris King, B.A. (Cantab.). British. Foldaby Alyth, Perth, Scotland. Student Teacher. 
Signed by: P. Maitland, H. J. Emeléus, J. Harley-Mason. 

*Heaps, John Michael, B.Sc. (Lond.). British. 3 Park Avenue, Rutland Road, Batley, Yorks. 
Physical Chemist at Wool Industries Research Association, Headingley. Signed by: J. Barritt, 
T. Blackburn, P. B. Turner. 

*Holmes, Michael John. British. 164 Kingsthorpe Grove, Northampton. Student at University of 
Nottingham. Signed by: T. J. King, D. O. Jordan, F. C. Laxton. 

*Howells, Harry Eric, B.Sc. (Lond.). British. 351 Brighton Road, Lancing, Sussex. Student. 
Signed by: J. S. Coe, E. G. Cowley, N. H. Pratt. 

*Humphries, Roy William Arthur. British. Emmanuel College, Cambridge. Student. Signed by: 
G. Porter, A. J. Duke, J. A. Farrington. 

“Husband, Leonard John Burnard, B.Sc. (Bris.). British. 12 Walliscote Road, Henleaze, Bristol, 9. 
Student at University of Bristol. Signed by: F. H. Pollard, T. J. Taylor, J. F. W. McOmie. 
“Ingleby, Richard Frederick James, B.A. (Cantab.). British. St. John’s College, Cambridge. Research 

Student. Signed by: A. H. Jackson, J. Harley-Mason, G. P. Wannigama. 

*Jackson, Peter Joseph, B.Sc. (Lond.), A.R.I.C. British. 2A Broomfield Road, Swanscombe, Green- 
hithe, Kent. Chemist at Associated Portland Cement Manufacturers, Ltd. Signed by: F. R. 
Goss, J. E. Salmon, D. A. Everest. 
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Jacobus, Arthur, Dr.Phil. (Berlin), A.R.I.C. British. c/o Messrs. G. Nelson, Dale and Co., Ltd., 
Gelatine Works, Warwick. Research Chemist and Head of Research Laboratories. Signed by: 
J. T. Howe, M. D. F. Tyrrell, A. Edgerton. 

*Jewers, Kenneth. British. 12 Stour Road, London, E.3. Student at Sheffield University. Signed 
by: H. J. V. Tyrrell, P. A. A. Wyatt, T. S. Stevens. 

Kelly, Ronald Burger, M.Sc. and Ph.D. (New Brunswick). Canadian. Chemistry Department, Birkbeck 
College, Malet Street, London, W.C.1. Post-doctorate research student. Signed by: D. H. R. 
Barton, C. J. W. Brooks, K. H. Overton. 

*Kershaw, Michael Philip. British. ‘‘ Greeba,’’ Pinfold Lane, Romiley, Cheshire. Student at Cam- 
bridge University. Signed by: F. G. Mann, B. R. Brown, R. H. Glauert. 

*Kosower, Edward M.,: Ph.D. (Calif.). American. Department of Chemistry, Harvard University, 
Cambridge 38, Mass., U.S.A. U.S. Public Health Service Fellow at Harvard. Signed by: W. D. 
Ollis, D. J. Marshall, R. B. Woodward. 

Leonard, Frederick, B.S. (N.Y.), M.S. (Brooklyn), Ph.D. (Mich.). American. Nepera Chemical Co., 
Yonkers 2, New York, U.S.A. Research Chemist. Signed by: F. E. Anderson, L. E. Tenenbaum, 
G. F. Grail. 

*Litherland, Kenneth Leslie. British. 14 Stringhey Road, Wallasey, Cheshire. Student at Cambridge 
University. Signed by: A. J. Duke, G. Porter, O. J. Elphick. 

*McCain, Colin Christopher, B.Sc. (Bris.). British. 71 St. Albans Road, Westbury Park, Bristol, 6. 
Research Student at Bristol University. Signed by: F. H. Pollard, L. Hough, K. W. Dunning. 

*McNeill, Ian Cameron. British. 26 Lime Street, Scotstoun, Glasgow, W. 4. Student at University 
of Glasgow. Signed by: J. Bell, J.C. Speakman, J. A. Mair. 

*Mattinson, Brian James Heywood. British. Rathnay, Swithland Lane, Rothley, Leicester. Student 
at Cambridge University. Signed by: A. G. Sharpe, N. Sheppard, P. Sykes. 

*Meecham, Sylvia, M.Sc. (Wales). British. Tyrcanol House, Clydach Road, Morriston, Swansea. 
Scientific Officer at British Iron and Steel Research Association. Signed by: C. W. Shoppee, 
K. W. Sykes, W. Bullough. 

*Mellor, Derek Henry, B.A. (Oxon.). British. Greenways, 70 Derby Road, Borrowash, Derby. Post- 
graduate Research in Chemistry, Physical Chemical Laboratory, Oxford. Signed by: H. Irving, 
D. A. Long, J. C. McCoubrey. 

*Moore, Walter Vincent. British. The White House, Wilton, Nr. Salisbury, Wilts. Undergraduate. 
Signed by: F. G. Mann, R. H. Glauert, B. R. Brown. 

*Neilson, Alasdair Hewitt. British. 26 Lindsay Place, Glasgow, W.2. University Student. Signed 
by: S. H. Tucker, G. L. Buchanan, F. D. Gunstone. 

Northcote, Donald Henry, B.Sc. and Ph.D. (Lond.), M.A. (Cantab.). British. Biochemistry Laboratory, 
University of Cambridge. Lecturer in Biochemistry. Signed by: D. J. Bell, F. G. Young, G. D. 
Greville. 

*Pope, George Arthur. British. 2 Saville Place, Clifton, Bristol 8. Student. Signed by: F. H. 
Pollard, W. Baker, J. F. W. McOmie. 

*Price, Alun Hywel, B.Sc. (Wales). British. 65 Leyshon Road, Gwaun Cae Gurwen, Ammanford, 
Carmarthen. Research Student at University College of Wales, Aberystwyth. Signed by: C. W. 
Davies, M. Davies, C. B. Monk. 

Rigbi, Michael, M.Sc. (Jerusalem). Israeli. The University College of North Staffordshire, Keele, 
Staffs. Research Assistant at The University College of N. Staffs. Signed by: G. F. Smith, 
P. H. Plesch, R. C. Cass. 

*Russell, William Clellano, B.Sc. (Glas.). British. 12 Arthur Street, Glasgow, C.3. Research Student. 
Signed by: F. D. Gunstone, P. A. Ongley, C. Buchanan. 

*Saunders, Ronald Herbert, B.Sc. (Lond.). British. 227 Galliard Road, Edmonton, London, N.9. 
Research Chemist at Northern Polytechnic, London, N.7. Signed by: W. Gerrard, J. Daly, I. L. 
Finar, W. A. Smeaton. 

Shibata, Shoji, D.Pharm. (Tokyo). Japanese. Biochemistry Department, London School of Hygiene 
and Tropical Medicine, Keppel Street, London, W.C.1. Professor of Plant Chemistry at University 
of Tokyo. Signed by: H. Raistrick, J. H. Birkinshaw, C. E. Stickings. 

*Short, James Harold, B.S. (Stanford Univ.), Ph.D. (Kansas). American. c/o School of Pharmacy. 
University of Kansas, Lawrence, Kansas, U.S.A. Student. Signed by: J. H. Burckhalter, W. E. 
McEwen, C. A. VanderWerf. 

*Slawson, Derek Arthur William. British. 121 Chase Road, Southgate, London, N.14. Student at 
University of Southampton. Signed by: N. B. Chapman, K. R. Webb, G. W. A. Fowles. 

*Smith, Derek Geoffrey. British. 20 Otley Drive, Ilford, Essex. Student. Signed by: R. King, 
K. Schofield, S. J. Gregg. 

*Smith, Raymond Anthony. British. 105 Belvedere Road, Burton-on-Trent, Staffs. Student at 
University of Sheffield. Signed by: H. J. V. Tyrrell, P. A. H. Wyatt, T. S. Stevens. 

*Spearing, Simon Alan. British. 8 Girton House, Manor Fields, Putney, London, $S.W.15. Student. 
Signed by: F. G. Mann, P. Maitland, R. H. Glauert. 

*Stephens, Robert, B.Sc. (Birm.). British. 120 Titford Road, Langley, Oldbury, Nr. Birmingham. 
Research in Chemistry at the University of Birmingham. Signed by: E. J. Bourne, J. C. Tatlow, 
S. A. Barker. 

*Stern, Ralph, B.Sc. (Lond.), A.R.I.C. British. 22 Eastholm, London, N.W.11. Assistant Analyst, 
County Hall, Maidstone. Signed by: P. C. L. Thorne, R. S. Hatfull, O. M. Groves. 
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*Sutin, Norman, M.Sc. (Cape Town), Ph.D. (Cantab.). S. African. Hatfield College, Durham. Re- 
search Fellow in Radiochemistry, Durham University. Signed by: S. J. Thomson, G. R. Martin, 
G. Kohnstam. 

*Tavares, Donald Francis, A.B. (Brown University). American. 69 Euclid Avenue, Riverside 15, 
Rhode Island, U.S.A. Graduate Student. Signed by: H. H. Wasserman, C. N. Matthews, D. W. 
Wiley. 

*Thomas, Dorothy Elaine, B.Sc. (Lond.). British. 54 Knypersley Avenue, Offerton, Stockport. 
Organic Research at Manchester University. Signed by: G. R. Barker, H. H. Armstrong, T. G. 
Halsall. 

*Tompsett, Alan John, B.Sc. (Southampton). British. The School House, Hankham, Pevensey, 
E. Sussex. Postgraduate Research Student. Signed by: N. B. Chapman, R. C. Poller, I. G. M. 
Campbell. 

*“onge, Brian Lawrence, B.Sc. (Lond.). British. 7 Belle Vue Terrace, Bury, Lancs. Research 
Student at College of Technology, Manchester. Signed by: H. N. Rydon, D. C. Ayres, P. W. G. 
Smith. 

*Trotman, John, B.Sc. (Wales). British. 52 Alexandra Terrace, Brynmill, Swansea. Research 
Worker. Signed by: K. W. Sykes, C. W. Shoppee, B. G. Gowenlock. 

*Waddington, Henry Richard John, B.Sc. (Lond.). British. 8 Brunswick Villas, Camberwell, London, 
S.E.5. Research Chemist at Ilford, Ltd. Signed by: J. D. Kendall, G. F. Duffin, K. Reynolds. 

*Wakefield, David Brian. British. 70 Worrin Road, Shenfield, Essex. Student at University of 
Cambridge. Signed by: A. G. Sharpe, W. H. Mills, P. Gray. 

*Ward, James Paul, B.Sc. (Edin.). 62 Eliots Park, Peebles, Scotland. Research Student. Signed by: 
L. J. Haynes, T. R. Bolam, W. H. Stafford. 

*Warwick, Frederick Ian. British. Queen’s College, Cambridge. Undergraduate. Signed by: F. G. 
Mann, R. H. Glauert, B. R. Brown. 

*Watson, Thomas Robert, M.Sc. (N. Zealand). New Zealander. c/o Department of Pharmacy, Univer- 
sity of Sydney, N. S. Wales, Australia. Research Chemist. Signed by: A. J. Birch, S. E. Wright, 
T. Iredale. 

«Weaving, Alfred Sidney, B.Sc. (Bris.). British. 2 Ferndale Road, Whiteshill, Stroud, Gloucestershire. 
Research Student at Bristol University. Signed by: F. H. Pollard, W. Baker, J. F. W. McOmie. 

White, Bertram, B.Sc. (Lond.), F.R.I.C. British. Stoney Hill House, Rock Hill, Sydenham Hill, 
London, S.E.26. Personal Assistant to Chairman and Managing Director, A. Boake Roberts and 
Co. Ltd., Stratford, E.15. Signed by: R. Duncalfe, W. A. Akers, I. M. Heilbron. 

*Williams, Michael John Ghent. British. 13 Hampton Grove, Redcar, Yorks. Student at University 
of Sheffield. Signed by: H. J. V. Tyrrell, P. A. H. Wyatt, T. S. Stevens. 


“Wragg, Arthur Leslie, B.Sc. (Lond.). British, 392 Belchers Lane, Bordesley Green, Birmingham, 9. 
Research Chemist at Dunlop Research Centre, Birmingham. Signed by: W.H. T. Davison, I. H. 
Riley, T. Bird. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Anderson, John Ray, B.A. and M.S. (West Virginia), Ph.D. (Pittsburgh). American. c/o Carbide and 
Carbon Chemicals Corp., Physical Processes Department, Institute, West Virginia. Research 
Physical and Analytical Chemist. Signed by: W. A. Hamor, R. S. Tipson. 

*Autrey, Robert Luis, B.A. (Reed College). American. 3935 Roseneath Drive, Houston 21, Texas, 
U.S.A. Student at Harvard University... Signed by: W. D. Ollis. 

Barone, Ralph Peter, B.A. (Rutgers), M.S., and Ph.D. (Penna.). American. 598 South 19th Street, 
Newark, New Jersey, U.S.A. Development Chemist. Signed by: D. W. Hein. 

*Behrman, Edward Joseph, B.S. (Yale). American. Biochemistry and Virus Laboratory, University 
of California, Berkeley 4, California, U.S.A. Student in Biochemistry. Signed by: H. Watts. 
Dicastro, Gino, Dr. Biochem. (Rome). Italian. Piazza San Pancrazio 13, Rome, Italy. Technical 

Director, Medttal Laboratories. Signed by: J. Lecocq. 

Dowell, Arthur Maultsby, jun., B.S. (Howard Coll.), M.S. (Georgia). American. Cellulose and Special- 
ties Division, The Buckeye Cotton Oil Co., Memphis, Tennessee, U.S.A. Research Chemist. 
Signed by: J. Hine, E. Grovenstein. 

Feltzin, Joseph, B.A. and M.A. (Brooklyn College), Ph.D. (Brooklyn Polytechnic Inst.). American. 
1562 Ocean Avenue, Brooklyn 30, New York, U.S.A. Research and Development Chemist at 
Norda Essential Oil and Chemical Company. Signed by: E. I. Becker. 

*Hale, Warren Frederick, B.S. (Northeastern Univ.). American. 31 Central Road, Somerville, Massa- 
chusetts, U.S.A. Student. Signed by: E. I. Becker, R. Longworth. 

Howton, David R., B.S. and Ph.D. (California}. American. University of California Atomic Energy 
Project, Box 4164, Los Angeles 24, California, U.S.A. Research Chemist. Signed by: K. Mislow. 

*Lee, Hiok Huang, B.S. (Ill.). British. 305 Memorial Drive, Cambridge 39, Massachusetts, U.S.A. 
Student. Signed by: F. D. Greene. 

*Loncrini, Donald Francis, B.S. (Siena College). American. Department of Chemistry, Florida State 
University, Tallahassee, Florida, U.S.A. Student. Signed by: I. G. Ross, G. J. Brealey. 

McQueen, David Malcolm, B.A. (W. Ontario), Ph.D. (Wisconsin). American. E.I. du Pont de Nemours 
and Co., Experimental Station, Wilmington, Delaware, U.S.A. Director of Research. Signed by: 
L. G. Wise, N. G. Fisher. : 


“Smith, William Channing, A.B. and M.S. (Cornell). 
Student at the University of Illinois. 
*Westhead, Edward W., jun., M.S. (Haverford College). 
Signed by: E. I. Becker. 
Williams, John Frederick Arthur, B.Sc. (Lond.), Ph.D. (Southampton). 
College, P.O. Box 262, Kampala, Uganda, B.E. Africa. 
Signed by: K. R. Webb, W. J. Peal. 


Illinois, U.S.A. 


New York, U.S.A. Research Fellow. 


Makerere University College. 


American. 606 West Ohio Street, Urbana, 
Signed by: D. Y. Curtin. 
American. 295 Henry Street, Brooklyn 1., 


British. Makerere University 
Assistant Lecturer in Chemistry at 


* Reduced Subscription. 


ADDITIONS TO THE LIBRARY 


I. Donations 
A. Books. 

AMERICAN CHEMICAL SOCIETY. Divi- 
of Paint, Plastics, and Printing Ink 
Chemistry. Papers presented at meetings. 
Los Angeles Meeting, March, 1953, 
1953+. (Reference.) From the Division. 

BEILSTEINS HANDBUCH DER ORGAN- 
ISCHEN CHEMIE. 4th edition. 2nd supple- 
ment. Vol. 22. Berlin 1953. pp. xxxvi 
619. (Reference.) Springer. 

From the Beilstein Institute. 

BRISTOL, UNIVERSITY OF. Long Ashton 
Research Station. Science and fruit. Edited 
by THomas WALLAcE and R. W. Marsu. 
Bristol 1953. pp. xiii + 308. ill. The Uni- 
versity. 30s. (Recd. 17/12/53.) 

From the Director. 

GLASGOW, UNIVERSITY OF. Summaries 
of theses approved for higher degrees in the 
Faculty of Science during the academical year 
1951—1952. Glasgow 1953. pp. viii + 61. 
(Reference.) From the University. 

Hopton, G. U. The cooling, washing, and 
purification of coal gas. [London] 1953. 
pp. 123. ill. North Thames Gas Board. 
6s. 4d. (Recd. 14/12/53.) From the Author. 

INTERNATIONAL SEAWEED SYMPOSIUM. 
Ist, Edinburgh, 1952. Proceedings. In- 
veresk 1953. pp. vil + 129. ill. (Reference.) 

Irom the Institute of Seaweed Research. 

MIssIssIpPI STATE COLLEGE. Research 
symposium on physical sciences @™@d_ en- 
gineering, April 24 and 25, 1953. Proceedings. 
[Columbus 1953.) pp. iii+ 140. (Reed. 
14/12/53.) From the College. 

PAULING, LINUS. General chemistry; an 
introduction to descriptive chemistry and 
modern chemical theory. 2nd edition. San 
Francisco 1953. pp. xii+ 710. ill. Free- 
man. $6. (Recd. 1/12/53.) 

From the Publishers : 
Messrs. W. H. Freeman & Co. 

VoGEL, HaAwns. Hemstoffe-Heilstoffe ; 
Einfiihrung in die Lehre von den Antibiotica. 
Niirnberg 1953. pp. 184. DM. 6.50. (Recd. 
27/11/53.) 

From the Publishers : Verlag Hans Carl. 


ston 


etc. 


EDWARD. Practical 
6th edition. London 1953. 
Churchill. 18s. (Recd. 

From the Author. 


WALLIS, THOMAS 
pharmacognosy. 
pp. ix + 238. ill. 
10/12/53.) 


B. Pamphlets. 

CAMPBELL, W. J. Anodised aluminium 
surfaces for wear-resistance. [London] 1952. 
pp. [19]. ill. (From the J. Electrodepositors’ 
Tech. Soc., 1952, 28.) 

MINISTRY OF SUPPLY. Atomic Energy 
Research Establishment. A.C. liquid metal 
pumps for laboratory use. By D. A. Warr. 
Harwell 1953. pp. [ii] + 9 + [xv]. 

— Some approximate formule for 
use in neutron shielding. By K. T. SPINNEy. 
Harwell 1953. pp. [i] + 13 + [ii]. 

RoyAL INSTITUTE OF CHEMISTRY. 
tures, Monographs and Reports, 1953, No. 5. 
Detergent solutions. By KENNETH GEORGE 
ALFRED PANKHURST. London [1953]. pp. 
[ii] + 21. ill. 

STANEK, JAROSLAV. Reakce  stiibrnych 
soli karbonovych kyselin s halovymi prvky 
(Hunsdieckerova reakce). Prague 1953. pp. 
[15]. (From Chem. Listy, 1953, 47.) 

VILLAR, G. E. La contaminacion atmo- 
sferica por los olores molestos. Montevideo 
1953. pp. 45. ill. (From Rev. Ing., 1953.) 


Lec- 


II. By purchase 


AMERICAN CHEMICAL SOCIETY. Division 
of Petroleum Chemistry. General Papers 
Preprints. No. 30, etc. 1953+. (Reference.) 

-Symposia Preprints. No. 27, 
etc. 1953+. (Reference.) 

BLATT, JOHN M., and WEIssKopr, VIC- 
TOR F. Theoretical nuclear physics. New 
York 1952. pp. xiv + 864. ill. Wiley. 
$10. (Recd. 1/12/53.) 

Bowen, EDMUND JOHN, and WOKEs, 
FRANK. Fluorescence of solutions. London 
1953. pp. vii+ 91. ill. Longmans. 25s. 
(Recd. 1/12/53.) 

CIBA FOUNDATION COLLOQUIA ON ENDO- 
CRINOLOGY. Vol. 6. Hormonal factors in 
carbohydrate metabolism. Edited by G. E. W. 
WOLSTENHOLME. Assisted by JESSIE S. FREE- 


MAN. London 1953. pp. xiv + 350. ill. 
Churchill. 35s. (Recd. 1/12/53.) 

Conn, H. J. Biological stains. 6th edition. 
Geneva, N.Y. 1953. pp. 367. ill. Biotech 
Publications. $5. (Recd. 1/12/53.) 

DAVIDSOHN, J., [and others]. Soap manu- 
facture. Vol. }. New York 1953. pp. xii + 
525. ill. Interscience. $12.50. (Recd. 
1/12/53.) 

Evans, E. A., yun. Biochemical studies of 
bacterial viruses. Chicago 1952. pp. vii+ 
68. ill. Univ. Chicago Pr. $2.75. (Recd. 
1/12/53.) 

FRUTON, JOSEPH G., 
SoFIA. General biochemistry. 
1953. pp. xii +940. ill. 
(Recd. 1/12/53.) 

GIFFEN, E., and MurRaAszEw, A. 
atomisation of liquid fuels. London 
pp. ix + 246. ill, Chapman & Hall. 
(Recd. 1/12/53.) 

GRIM, RALPH E. Clay mineralogy. New 
York 1953. pp. xii + 384. ill. McGraw- 
Hill. $9. (Recd. 1/12/53.) 

HENDERSON, I. F., and HENDERSON, 
Joun H. A dictionary of scientific terms. 
5th edition. By Joun H. KENNETH. Edin- 
burgh 1953. pp. xvi-+ 506. (Reference.) 
Oliver & Boyd. 32s. 


and SIMMONDS, 
New York 
Wiley. $10. 


The 
1953. 
36s. 


of 


pp. 
(Recd. 


Editor. 
Amsterdam 
Elsevier. 


Principles 
1953. 
95s. 


Honic, PIETER. 
sugar technology. 


xxii + 767. ill. 
1/12/53.) 

INSTITUTE OF PETROLEUM. Standard 
methods for testing petroleum and its pro- 
ducts. 13th edition. London 1953. pp. 
xxiv + 765. ill. The Institute. 40s. (Recd. 
27/11/53.) 

Jones, E. B. Instrument technology. 
Vol. 1. Measurement of pressure, level, flow, 
and temperature. London 1953. pp. xi + 
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315. ill. Butterworths. 35s. (Reed. 
1/12/53.) 

KIEFFER, RICHARD {and others). 
stoffe und Hartmetalle. Wien 1953. 
xvi-+ 717. ill. Springer. DM. 
(Recd. 1/12/53.) 

LANGENBECK, WOLFGANG. Die organ- 
ischen Katalysatoren und ihre Beziehungen zu 
den Fermenten. Berlin 1949. pp. viii + 136. 
ill. Springer. DM. 15. (Recd. 1/12/53.) 

LEDERER, EDGAR, and LEDERER, 
MICHAEL. Chromatography; a review of 
principles and applications. Amsterdam 1953. 
pp. xviii + 460. ill. Elsevier. 60s. (Recd. 
1/12/53.) 

METALLWERK PLANSEE _ GES.M.B.H. 
Pulvermetallurgie. Vortrage gehalten auf 
dem 1. Plansee Seminar ‘‘ De Re Metallica ”’ 

. 1952, Reutte/Tirol. Edited by F. BENE- 
sovsky. Wien 1953. pp. vii + 316. ill. 
Springer. DM. 32. (Recd. 1/12/53.) 

Morris, G. A., and JACKSON, J. Ab- 
sorption towers; with special reference to the 
design of packed towers for absorption and 
stripping. [London] 1953. pp. xii + 159. 
ill. Butterworths & I.C.I., Ltd. 30s. (Reed. 
1/12/53.) 

Norton, F. H. Elements of ceramics. 
Cambridge, Mass. 1952. pp. xiv + 246. ill. 
Addison-Wesley Pr. $6.50. (Recd. 1/12/53.) 

SPEAR, F.G, Radiations and living cells. 
London 1953. pp. xii + 222. ill. (Frontiers 
in Science Series.) Chapman & Hall. 18s. 
(Recd. 1/12/53.) 

VERMA, AJIT RAM. Crystal growth and 
dislocations. London 1953. pp. xii + 182. 
ill. Butterworths. 30s. (Recd. 1/12/53.) 

VICKERY, RONALD CHARLES. Chemistry 
of the lanthanons. London 1953. pp. viii + 
296. ill. Butterworths. 35s. (Recd, 


1/12/53.) 


Hart- 


PP- 
79.80. 


February, 1954 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


ANNIVERSARY MEETINGS 
Wednesday, March 3ist—Friday, April 2nd, 1954 


Full details of the Anniversary Meetings to be held in Manchester are being issued as a 
separate notice. 


SCIENTIFIC MEETINGS DURING APRIL, 1954 
ABERDEEN. 
Thursday, April 1st, 1954, at 7.30 p.m. 


Lecture, Some Applications of the Newer Techniques in Analytical Chemistry, by 
Dr. J. R. Nicholls, C.B.E., D.Sc. Joint Meeting with the Royal Institute of 
Chemistry and the Society of Chemical Industry, to be held in Robert Gordon’s 
Technical College. 


EDINBURGH. 
Tuesday, April 27th, 1954, at 5.30 p.m. 


Official Meeting and Centenary Lecture, The Story of the isoQuinoline Alkaloids, by 
Dr. R. H. F. Manske, M.Sc., Ph.D. To be held in Medical Building, Teviot 


Place. 


IRISH REPUBLIC. 
Wednesday, April 7th, 1954, at 7.45 p.m. 


Lecture, The Steric Course of Asymmetric Synthesis, by Professor Dr. V. Prelog. 
Joint Meeting with the Institute of Chemistry of Ireland, the Royal Institute 
of Chemistry, and the Society of Chemical Industry, to be held in the Chemistry 
Department, University College, Dublin. 


LIVERPOOL. 
Friday, April 23rd, 1954, at 5 p.m. 


Centenary Lecture, The Story of the isoQuinoline Alkaloids, by Dr. R. H. F. Manske, 
M.Sc., Ph.D. Joint Meeting with the Royal Institute of Chemistry, Society of 
Chemical Industry, British Association of Chemists, and the University 
Chemical Society, to be held in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM. 
Friday, April 30th, 1954, at 5.30 p.m. 


Centenary Lecture, The Story of isoQuinoline Alkaloids, by Dr. R. H. F. Manske, 
M.Sc., Ph.D. To be given in the Chemistry Building, King’s College, Newcastle- 
on-Tyne. 


NORTHERN IRELAND. 
Monday, April 5th, 1954, at 7.45 p.m. 


Lecture, The Steric Course of Asymmetric Synthesis, by Professor Dr. V. Prelog. 
To be given in the Chemistry Lecture Theatre, Queen’s University, Belfast. 


Thursday, April 22nd, 1954, at 7.45 p.m. 
Meeting for the Reading of Original Papers. To be held in the Chemistry Lecture 
Theatre, Queen’s University, Belfast. 
ST. ANDREWS AND DUNDEE. 
Friday, April 16th, 1954, at 7 p.m. 


Royal Institute of Chemistry Lecture, Change of Seale of Chemical Reaction, by 
Dr. S. J. Green, M.A., A.R.I.C. To be given in the Chemistry Department, 
University College, Dundee. (All Fellows invited.) 


Thursday, April 29th, 1954, at 5.15 p.m. 
Centenary Lecture, The Story of the isoQuinoline Alkaloids, by Dr. R. H. F. Manske, 
M.Sc., Ph.D. To be given in the Chemistry Department, United College, St. 
Andrews. 
SOUTH WALES. 
Monday, April 26th, 1954, at 6 p.m. 


Lecture, Some Reactions of Free Radicals, by Dr. W. A. Noyes, jun. Joint Meeting 
with the Royal Institute of Chemistry and the University College of Swansea 


Chemical Society, to be held in the Chemistry Department, University College, 
Swansea. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died. 


Arthur Herbert Coote (Nuneaton) Dec. 6th, 1894. Jan. 4th, 1954. 
Arthur William Cowburn (Manchester) Sept. 16th, 1898. Dec. 23rd, 1953. 


Percy George Terry Hand (Frinton-on-Sea) Jan. 22nd, 1942. Dec. 8th, 1953. 
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Annie Millicent King (Bristol) Mar. 19th, 1942. December, 1952. 
Walter Lloyd Willey (Blackheath) Sept. 18th, 1941. Dec. 18th, 1953. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows 

whose names appear in the New Year Honours List : 

C.H. 

John Christie (Lewes) 
K.B.E, 
Lord Trent of Nottingham 
C.B.E. 


James Brierley Firth (Preston). 
Ernest Thomas Osborne (Kidbrooke). 


ACKNOWLEDGMENTS. 
Acknowledgment is made of a gift of the Society's publications from Dr. A. F. Campbell. 


ELECTION OF NEW FELLOWS. 
rhe following 56 candidates were elected Fellows of the Society on January 21st, 1954: 


Malcolm James Abercrombie. 
Akitunde Akisanya. 
Gordon Geoffrey Ayerst. 
Dennis Arthur Barr. 

Ian Bell. 

Merrick Stuart Blackie. 
Raymond Bonnett. 

Joyce Barbara Brous. 

John Malcolm Bruce. 

Brian Cox.. 

Eugene Floyd Cox. 

James Stuart Gordon Cox. 
William Alfred Creasey. 
komeo Stefano Crespi. 
James Roy Davidson. 
Maurice George Ebison. 
Peter Howard Elworthy. 
John Edward Francis Evans. 
Arthur John Floyd. 

Ernest R. Gilmont. 

Stanley Richard Harrison. 
George Bates Hatch. 

J. Walter Hellman. 
Thomas Victor Jackson. 
Milton Carl Kloetzel. 

Alan Wainwright Lake. 
Jack Lassman. 

Richard Arthur John Long. 


* 


Stanley Lovett. 

Brian John McCarthy. 
Thomas Brian Hamilton McMurry 
Ian Torrance Millar. 

Allan Alfred Mills. 

Frank Nyman. 

William Oroshnik. 

Haribar Jashbhai Patel. 
John Derek Peel. 

John Phillips. 

William McLeod Ross. 

Peter Paul Rutherford. 

Karl George Scheibli. 

David William Arthur Sharpe. 
Douglas William Smith. 
Michael Smith. 

Earl Thomas Stafford. 

Colin Stratford. 

James Kenneth Sutherland. 
lan Gordon Swainbank. 
Thomas Christopher Swinfen. 
James Stewart Taylor. 
Walter Theilacker. 

David Todd. 

Peter Frank Todd. 

David Welti. 

Edward George Wood. 

Robin Ivor Woodger. 
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VACANCIES ON COUNCIL, 

Fellows were advised in a separate notice on January 28th, 1954, that an additional 
vacancy on the Council falls due torbe filled at the Annual General Meeting to be held in 
Manchester on Friday, April 2nd, 1954. Sir Wallace Akers, C.B.E., F.R.S., has tendered 
his resignation from the Office of Treasurer, to take effect from that date, and, in accordance 
with Bye-law 23, the Council has nominated Mr. M. W. Perrin, C.B.E., F.R.I.C., to fill the 
vacancy thus caused. 


BRITISH STANDARD FOR RECOMMENDED COMMON NAMES FOR PEST CONTROL 

PRODUCTS. 

The British Standards Institution has just issued Part 2 of B.S. 1831, which consists of 
six common names for pure pest control chemicals well known in agriculture; Part 1 was 
published in 1952, and further lists will be published from time to time. 

Of these six names allethrin and methoxychlor are already accepted as coined common 
names by the United States Interdepartmental Committee on Pest Control. In both the 
United Kingdom and the U.S.A. the names have been pre-empted as far as possible for 
common use, by recording them with H.M. Patent Office and the U.S. Patent Office 
respectively. 

The common name is assigned to the 100 per cent. pure chemical and is correlated with 
the chemical name and the formula. Where more than one chemical name is known for 
that material, the first which is given is in accordance with the principle recommended by 
the Chemical Society. The common names and chemical names are indexed for con- 
venient reference, and this index may afford guidance to those concerned with indexing 
and abstracting, as to the preferred alphabetical arrangement of these names. The 
numbering of the common names is a continuation of that adopted in Part 1. 

Copies of this British Standard may be obtained from British Standards Institution, 
Sales Branch, 2 Park Street, London, W.1. Price 2s. net. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, January 21st, 1954, at 7.30 p.m. 


The President, Proressor C. K. INGotp, D.Sc., F.R.S., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at Burlington House on December 17th, 
1953, were read, and were confirmed and signed. 


VACANCIES ON COUNCIL. 
The list of vacant places due to be filled at the Annual General Meeting to be held on 
April 2nd, 1954, was read. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: E. C. Kooyman, H. T. Taylor, 
D. Bryce-Smith, K. M. Johnston, T. Peters, C. J. G. Shaw, D. J. Davies, D. A. Shingleton, 
E. McGill. 
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SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“Steric Relationships between Ionization of Aralkyl Chlorides and Dissociation of 
Anilinium Ions.” By G. Baddeley, J. Chadwick, and H. T. Taylor. 

“Internuclear Cyclisation. Part IX. Abnormal Reactions of 2-Amino-N-methyl- 
benzanilides Containing ortho-Substituents.” By D. H. Hey and D. G. Turpin. 

“Intramolecular Acylation. Part I. The Ring Closure of Some a-Substituted 6-1- 
Naphthylpropionic Acids.”” By M. F. Ansell. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge-objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for February, 1954. Such objections will 
be treated as confidential. The forms of application are available in the Library). 


*Agutter, Ronald Graham, A.R.I.C. British. 86, Dunbar Avenue, Foleshill, Coventry. Development 
Chemist, Chemical Engineering Section, Courtaulds, Ltd. Signed by: H.C. Smith, W. S. Owen, 
N. V. Saxton. 

*Ashworth, Philip James, B.Sc. (Manc.). British. 6, Naze Road, Newchurch, Rossendale, Lancs. 
Research Student at Manchester University. Signed by: G. R. Barker, T. G. Halsall, M. C. Whiting. 

*Austin, Dennis Edward George. British. 6, Wincheap Street, Canterbury, Kent. Student at 
Southampton University. Signed by: N. B. Chapman, G. W. A. Fowles, N. K. Adam. 

Beattie, Ian Robert, Ph.D. (Lond.). British. The University, Sheffield, 3. Lecturer. Signed by: 
H. J. V. Tyrrell, A. H. Lamberton, R. G. Wilkins. 

*Bharucha, Khurshed Erachsha, B.Sc. (Bombay). Indian. Chemistry Department, The University 
Glasgow, W.2. Research Student. Signed by: J. W. Cook, F. D. Gunstone, J. D. Loudon. 

*Binks, Robert, B.Sc. (St. Andrews). British. 16, King’s Terrace, Wolviston, Billingham-on-Tees, 
Co. Durham. Research Student at Bristol University. Signed by: H. T. Openshaw, A. R. 
Battersby, C. Horrex. 

*Booker, Charles James Louis, B.Sc. (Lond.). British. 78, East Street, Epsom, Surrey. Signed by: 
A. J. Lindsey, J. L. Wood, D. W. Wilson. 

*Brettle, Roger, B.A. (Oxon.). British. Christ Church, Oxford. Research Student. Signed by: 
H. Irving, D. Ll. Hammick, N. Polgar. 

Bryce, Douglas Maxwell, B.Sc. (Lond.), B.Pharm., Ph.C., A.R.I.C. British. Fletcher and Fletcher, 
Ltd., Holloway, London, N.7. Industrial Chemist. Signed by: A. S. Allen, Y. Pocker, J. E. 
Connett. 

Bullock, Kenneth, M.Sc. and Ph.D. (Manc.), Ph.C., F.R.I.C. British. Pharmacy Department, The 
University, Manchester. Reader in Pharmaceutical Chemistry. Signed by: H. Brindle, D. C. 
Henry, T. G. Halsall, G. R. Barker. 

*Carter, Howard Sheppard. British. 4 Penrhin Terrace, Oakdale, Blackwood, Mon. Scientific Tech- 
nical Officer, National Coal Board. Signed by: G. Gratton, N. T. Simmons, I. Lloyd. 

Chakravarti, Bhola Nath, M.Sc. (Patna). Indian. Chemistry Department, Birkbeck College, Malet 
Street, London, W.C.1. Research Student. Signed by: D.C. Bradley, A. M. El-Aggan, J. D. 
Swanwick. 

Chatterjee, Amar Kumar, M.Sc. (Patna). Indian. Chemistry Department, Birkbeck College, Malet 
Street, London, W.C.1. Research Student. Signed by: D.C. Bradley, A. J. Taylor, S. Swaroopa. 

*Colclough, Terence, B.Sc. (L’pool). British. 58, Clifton Hill, St. John’s Wood, N.W.8. Research 
Student at Northern Polytechnic. Signed by: W. Gerrard, M. F. Lappert, J. E. Spice. 

Cole, Edward Ritchie, M.Sc. (Sydney). British. 7, Wolsten Avenue, Turramurra, N.S.W., Australia. 
Senior Lecturer in Chemistry, N.S.W. University of Technology. Signed bv: W. J. Dunstan, 
G. W. K. Cavill, G. Shaw, R. A. Eade. 

*Collings, Stuart, A.R.I.C. British. 17, Parkville Road, Prestwich, Manchester. Assistant Chemist, 
Chloride Batteries Ltd. Signed by: W. D. Davis, N. W. Fletcher, N. A. Hampson. 

*Cottrill, Michael Charles William. British. 106, Nottingham Road, Long Eaton, Nottingham. 
Student at Sheffield University. Signed by: H. J. V. Tyrrell, P. A. H. Wyatt, A. S. C. Lawrence. 

*Davey, Mrs. Mary. British. 39, Brockswood Lane, Welwyn Garden City, Herts. Editorial Staff of 
Bureau of Abstracts. Signed by: J. G. Cockburn, K. T. Chapman, E. Horton. 

*Davies, Gwyn Lewis, B.Sc. (Wales), A.R.I.C. British. 37, Coram Street, London, W.C.1. 
Student at King’s College. Signed by: S. H. Harper, D. G. Turpin, J. I. G. Cadogan. 

Duligal, Eric Arthur, B.Sc. (Lond.), A.R.I.C. British. 12, Burlington Road, Monton, Eccles, Lancs. 
Research Chemist, The North British Chemical Co., Ltd. Signed by: D. M. Wilson, R. Hull, 
W. P. Thislethwaite, K. S. W. Sing. 

Edwards, Oliver Edward, B.Sc. (Alberta), M.S. and Ph.D. (Northwestern). Canadian. 135, Dagmar 
Avenue, Ottawa 2, Ontario, Canada. Associate Research Officer, National Research Council of 
Canada. Signed by: E. Leete, I. D. Spenser, T. Habgood. 


Research 
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*Elliston, Stanley Calvin, B.Sc. (Lond.). British. 13, Ilmington Road, Kenton, Middlesex. Analytical 
Chemist, J. Lyons and Co., Ltd. Signed by: L. H. Lampitt, E. B. Hughes, N. D. Sylvester. 

*Finegold, Harold, B.A. (Boston), M.A. (Harvard). American. 8710 TSU Chemical Corps. Det. 2 
Army Chemical Centre, Maryland, U.S.A. Research Chemist. Signed by: F. E. Romans, W. Y. 
Huang, R. Mirza. 

*Fournier, Albert, Sc.B. (Brown University). American. 42, Morton Avenue, Newport, Rhode Island, 
U.S.A. Graduate Student at the Massachusetts Institute of Technology. Signed by: E. L. 
Wheeler, A. C. Cope, H. J. Corey. 

*Frazer, Malcolm John, B.Sc. (Lond.). British. 28, Loring Road, Whetstone, N.20. Research 
Student, Northern Polytechnic. Signed by: W. Gerrard, H. J. S. King, C. G. Smith. 

*Gardner, Michael Francis. British. 45, Peveril Road, Peterborough. Student at Southampton 
University. Signed by: N. B. Chapman, E. Carl, G. W. A. Fowles. 

*Gray, George Maurice Albert, B.Sc. (Lond.). British. 1, Avenue Road, Woodford Green, Essex. On 
National Service. Signed by: F.L. Allen, N. Suschitzky, J. R. Young. 

*Green, Margaret Anne Sumner, B.Sc. (Lond.). British. Y.W.C.A. Centre, East Acton Lane, Acton, 
W.3. Chemist, Crookes Laboratories, Ltd. Signed by: E. Hayes, E. H. Hopkins, G. W. Tunnah. 

*Griffin, Brian Phillip. British. 5, Cherwell, Damhead Hall, Glazebrook, Nr. Warrington, Lancs 
Research Student, Imperial College, London. Signed by: J. A. Elvidge, L. M. Jackman, U. Eisner. 

*Griffiths, David Roland, B.Sc. (Wales). British. 52, North Side, Clapham Common, S.W.4. Research 
Student. Signed by: J. E. Salmon, G. A. H. Elton, W. H. Lee. 

*Grossman, Jacob, B.S. (Kent State Univ.). Polish. Department of Chemistry, Wayne University, 
Detroit, Michigan, U.S.A. Graduate Student. Signed by: L. H. Liu, G. H. Thomas, A. J. Lemin 

Grossnickle, Thurman Thomas, B.S. (Juniata College), A.M. (Harvard). American. Department of 
Chemistry, Wayne University, Detroit 1, Michigan, U.S.A. Student at Wayne University. 
Signed by \. J. Lemin, G. H. Thomas, C. M. Foltz. 

*Guy, Brian Maurice William. British. 134, Wickham Road, Shirley, Croydon, Surrey. Laboratory 
Assistant, Vinyl Products Ltd. Signed by: D.C. Whitmore, W. Baily, R. J. Parsons. 

*Hall, Ralph Martin Sykes, B.A. (Cantab.). British. St. John’s College, Cambridge. Research 
Student. Signed by: A. G. Maddock, H. J. Emeléus, A. R. Todd. 

Handschumacher, Robert E., M.S. and Ph.D. (Wisconsin). American. 17, Peaks Hill, Purley, Surrey 
Postdoctorate Research. Signed by: J. Baddiley, L. Szabo, J. G. Buchanan. 

Hawley, Henry Bernard, B.Sc. (Lond.). British. Research Department, Aplin and Barrett Ltd., 
Yeovil, Somerset. Director of Research and Company Director. Signed by: H. D. Kay, S. J. 
Rowland, S. K. Kon. 

*Holton, Percy George, Ph.D. (Lond.), A.R.I.C. British. George Herbert Jones Laboratory, 5747, 
Ellis Avenue, Chicago 37, Illinois, U.S.A. Research Fellow, University of Chicago. Signed by 
M. B. Sparke, D. G. M. Wood, G. H. Williams. 

*Howe, Ralph, B.Sc. (Dunelm). British. 49, The Avenue, Pelton, Chester-le-Street, Co. Durham 
Research Student. Signed by: F. J. McQuillin. G. R. Clemo, G. A. Swan. 

*Isaacs, Neil Stewart. British. 19, Phyldon Road, Parkstone, Dorset. Research Student, Southamp- 
ton University. Signed by: N. B. Chapman, G. W. A. Fowles, I. G. M. Campbell. 

Jacklin, Albert George, B.Sc. (Lond.), A.R.C.S. British. 52A, Broomwood Road, London, S.W.11. 
Research Student, Imperial College. Signed by: R. P. Linstead, L. N. Owen, L. Crombie. 

*James, Gareth Jenkin, B.Sc. (Wales). British. 16, Adare Street, Port Talbot, Glam. Research 
Student, University College, Swansea. Signed by: K. W. Sykes, B. G. Gowenlock, R. H. Davies. 

James, Vivian Hector Thomas, B.Sc. (Lond.). British. 20, Devonshire Gardens, Winchmore Hill, 
N.21 Research Chemist, National Institute for Medical Research. Signed by: James Walker, 
J. W. Cornforth, R. K. Callow. 

*Jaquiss, Donald Benjamin George, B.Sc. (Wales), Ph.D. (L’pool.). British. Greengarth Hall, Holm- 
rook, Cumberland. Industrial Chemist. Signed by: W. B. Whalley, R. J. S. Beer, A. McGookin. 

Jenkins, Henry Austen, Ph.C., F.R.I.C. 13, Heol Pant-Y-Ryn, Whitchurch, Glam. Analytical Chemist, 
City Analysts Laboratory, Cardiff. Signed by: S. Dixon, N. M. Cullinane, W. D. Williams, H. B. 
Watson 

*Johns, Charles Henry, B.Sc. (Lond.). British. Salisbury House, 8, Longley Road, Tooting, S.W.17 
Research Student. Signed by: J. E. Salmon, V. S. Griffiths, G. A. H. Elton. 

Jolly, Stephen Claude, B.Sc. (Lond.), B.Pharm., Ph.C., A.R.I.C. The Pharmaceutical Society of Great 
Britain, 17, Bloomsbury Square, London, W.C.1. Assistant Editor, Scientific Publications Depart 
ment. Signed by: W.H. Linnell, G. E. Foster, W. Smith. 

Jones, Francis Lloyd. British. 186, Great Tattenhams, Epsom Downs, Surrey. Technical Director, 
Pettingill Products Ltd., Perjon Ltd., Pettingill Products Exports Ltd. Signed by: A. Jones, 
P. Edgerton, E. Neumann. 

*Jones, Harold John. British. 6, Ridgmont, Deanshanger, Wolverton, Bucks. Research Student, 
University College, Hull. Signed by: W. B. Orr, G. W. Gray, B. Jones. 

Kufuor, Francis Addo. British. c/o The Union, Victoria Rooms, Clifton, Bristol, 8. Research Student 
Signed by: F.H. Pollard, T. H. Bevan, T. Malkin. 

Leandri, Giuseppe, D.Chim. (Bologna). Italian. Instituto di Chimica Industriale, Viale Risorgimento, 
4, Bologna, Italy. Postgraduate Research. Signed by: C. K. Ingold, R. Passerini, E. D. Hughes 

*March, Eric Russell. British. 30, Beaconfield Road, Beacon Park, Plymouth, Devon. Student 
Signed by: J. Graymore, D. R. Glasson, E. R. Braithwaite. 
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Marshall, Dennis, B.Sc. (Manc.). British. 21, Parsonage Road, Withington, Manchester, 20. Research 
Student, Manchester University. Signed by: G. R. Barker, M. C. Whiting, D. C. Eaton. 

‘Marshall, Finley D., jun., B.Sc. (Bucknell). American. 122-32nd Street, Niagara Falls, New York, 
U.S.A. Research Chemist. Signed by: B. R. S. Franko-Filipasic, D. R. Martin, H. Stange. 

*Morgan, E. David, B.Sc. (Kings Coll. and Dalhousie), B.A. (Oxon.). Canadian. Oriel College, Oxford 
Research Student. Signed by: D. Ll. Hammick, H. Irving, N. Polgar. 

*Mottershead, Thomas, B.Sc. (L’pool.). British. 4, St. Mary’s Avenue, Haughton Green, Denton, 
Lancs. Research Chemist, Ericssons Telephones Ltd., Beeston. Signed by: P. I. Briggs, C. A. 
McDowell, V. J. Occleshaw. 

Mukharji, Pratul Chandra, D.Sc. (Calcutta), Indian. Box 105, Havemeyer, Department of Chemistry, 
Columbia University, New York 27, New York, U.S.A. Research Associate. Signed by: J. 
Szmuszkovicz, Y. W. Chang, H. J. E. Loewenthal. 

*Murrell, John Norman, B.Sc. (Lond.). British. 24, Rosecourt Road, West Croydon, Surrey. Re- 
search Student, King’s College, London. Signed by: S. H. Harper, R. J. D. Smith, H. C. Longuet- 
Higgins. 

*Osborn, Anthony Raymond, B.Sc. (Lond.). British. Munby, Cowley Road, Exeter, Devon. Research 
Student. Signed by: K. Schofield, H. T. S. Britton, S. J. Gregg. 

*Pain, Roger Harry, B.A. (Oxon.). British. 20, Uplands, Beckenham, Kent. Research Fellow, Royal 
Cancer Hospital. Signed by: B. E. Conway, G. P. Warwick, J. L. Everett. 

*Parker, Phillip Harold, jun., M.S. (Emory). American. Chemistry Building, Madison 6, Wisconsin, 
U.S.A. Research Student. Signed by: S. M. McElvain, H. L. Goering, T. D. Nevitt. 

*Parrack, James Douglas, B.Sc. (Dunelm.). British. Meadowview, Barmoor, W. Ryton, Co. Durham 
Research Student. Signed by: F. J. McQuillin, G. R. Clemo, G. A. Swann. 

*Parsons, Margaret Anne, B.Sc. (Manc.). British. 5, Green Street, Springwell Lane, Balby, Doncaster, 
Yorks. Research Student. Signed by: G. R. Barker, M. C. Whiting, P. Wailes. 

*Pengilly, Brian William, B.Sc. (Lond.). British. Arcades, Oakfield Road, Ashtead, Surrey. Research 
Student. Signed by: S.H. Harper, D. B. Smith, D. H. Hey. 

Rachlin, Albert I., Sc.B. (Brown), Ph.D. (Illinois). American. Scientific Department, Hoffmann-La 
Roche, Inc., Nutley 10, New Jersey, U.S.A. Research Chemist. Signed by: J. A. Aeschlimann, 
W. E. Scott, M. Hoffer. 

*Revett, Miles John. British. Wick House, 452, Falmer Road, Woodingdean, Brighton, Sussex. 
Research Student. Signed by: C.S. Ennis, J. W. Linnett, R. M. Acheson. 

*Richards, David Hugh, B.Sc. (Wales), A.R.I.C. British. 18, Clayton Street, Landore, Swansea. 
Research Student, University College of Swansea. Signed by: K. W. Sykes, P. White, M. W. 
Roberts. 

*Richards, Thomas Arthur, B.Sc. (Lond.). British. 110, Dora Road, Wimbledon, S.W.19.  Post- 
graduate Student. Signed by: B. W. Baker, B. C. L. Weedon, M. Whalley. 

Richardson, James Arthur, B.Sc. (Lond.), A.R.I.C. British. Ellendene, Lower Dunton Road, Bulphan, 
Essex. Chemist. Signed by: K.S. Warner, G. C. Gibbons, P. G. Gugenheim. 

*Robb, Ernest W., B.S. (Kansas). American. One Perkins Hall, Harvard University, Cambridge 38, 
Massachusetts, U.S.A. Student. Signed by: B. L. Shapiro, P. Schleyer, B. G. Christensen. 
Romero, Miguel A. Mexican. Converse Memorial Laboratory, Harvard University, Cambridge 38, 

Massachusetts, U.S.A. Research Student. Signed by: W. Y. Huang, R. Stevenson, R. Mirza. 

*Russell-Hill, David Quentin, B.Sc. (Lond.). British. Chemistry Department, The University, 
Southampton. Research Student. Signed by: N. B. Chapman, R. C. Poller, D. J. Morrill. 

*Sayer, Gordon Campbell, B.Sc. (Manc.). British. 24, Ashfield Road, Workington, Cumberland. 
Research Student. Signed by: P. C. Wailes, G. R. Barker, M. C. Whiting. 

*Schroll, Gene, M.S. (Purdue). American. c/o Murray Trailer Sales, R.R.I., Lafayette, Indiana, U.S.A 
Graduate Student. Signed by: R. A. Benkeser, J. H. Brewster, H. Feuer. 

*Shafferman, Darrell. American. Newburg, West Virginia, U.S.A. Research Student. West Virginia 
University. Signed by: F. E. Clark, J. B. Hickman, D. C. Iffland. 

*Sharples, Wilfrid Eric. British. 47, Granby Road, Swinton, Lancs. Assistant Chemist, Choride 
Batteries Ltd. Signed bv: W.D. Davis, N. W. Fletcher, N. A. Hampson. 

*Snell, Robertson Ernest, B.Sc. (Lond.). British. 34, Nelson Road, Southsea, Hants. Chemist, 
Portsmouth, Gosport, and Bognor Regis Gas Undertaking. Signed by: C. K. Ingold, E. D. Hughes, 
C. M. Bere, J. A. Durant. 

Spialter, Leonard, M.S. (Polytechnic Inst. of Brooklyn), Ph.D. (Rutgers). American. 2031, Arlene 
Avenue, Dayton 6, Ohio, U.S.A. Research Chemist. Signed bv: B. K. Morse, H. Rosenberg, 
J. F. O’Brien. 

*Stephenson, John Stuart, B.Sc. (Manc.). British. 367, Wakefield Road, Stalybridge, Cheshire. 
Research Student, Manchester University. Signed by: G. R. Barker, E. R. H. Jones, G. D. 
Meakins. 

Stork, Gilbert, B.S. (Florida), Ph.D. (Wisconsin). American. Chandler Laboratory, Columbia Univer- 
sity, New York 27, New York, U.S.A. Associate Professor of Chemistry. Signed by: A. Sayigh, 
FE. N. Trachtenberg, J. Szmuszkovicz. 

‘Taylor, Giles Aldred. British. 301, Frederick Street, Oldham, Lancs. Research Student, Magdalen 
College, Oxford. Signed by: H. Irving, L. E. Sutton, L. A. K. Staveley. 

Turney, Thomas Albert. British. c/o Victoria University College, Wellington, New Zealand. Junior 
Lecturer in Chemistry. Signed by: S. N. Slater, W. S. Metcalf, W. E. Harvey. 
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*Wall, John Gordon Lionel, B.Sc. (London.). British, Wyx Cottage, Cookham Dean, Berks. 
Research Student. Signed by: J. E. Salmon, V. S. Griffiths, G. A. H. Elton. 

*Watson, Derek. British. Sunnyridge. Bradley, Keighley, Yorks. Analytical Chemist. Signed by: 
R. Hemming, C. B. Chapman, J. Rushworth. 

Weidenfeld, Lily, Ph.D. (Vienna). Israeli. 17, Hassolel Street, Jerusalem, Israel. Research Chemist, 
Ministry of Defence. Signed by: F. Bergmann, A. Glasner, E. Bergmann. 

Weinstein, Boris, M.S. (Purdue). American. Box 8288, Area B, Wright-Patterson AFB, Ohio, U.S.A. 
Chemist, U.S. Air Force. Signed by: J. F. O’Brien, H. Rosenberg, B. K. Morse. 

Willenz, Julius, D.Phil. (Oxon.). British. 40, Brisbane Grove, Hartburn, Stockton-on-Tees, Co 
Durham. Industrial Chemist, I.C.I. Billingham. Signed by: H. W. B. Reed, P. Smith, A. W. C. 
Taylor. 

*Wood, William David, B.Sc. (Illinois). American. Chemistry Department, University of Wisconsin, 
Madison 6, Wisconsin, U.S.A. Graduate Student. Signed by: W. S. Johnson, B. Bannister, 
S. M. McElvain. 

*Yesberg, Desborough, B.Sc. (Queensland). Australian. c/o Chemistry Department, The University of 
Queensland, Brisbane, Australia. Teaching Fellow. Signed by: F. N. Lahey, J. R. Hall, W. R. 
Owen. 

*Yuan, Ching, A.B. (Bryn Mawr), M.A. (Radcliffe). Chinese. 12, Oxford Street, Cambridge, Massa- 
chusetts, U.S.A. Research Student, Radcliffe College Graduate School. Signed by: R. Steven- 
son, W. Y. Huang, R. Mirza. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


*Bachelard, Herman Stanton, B.Sc. (Melbourne), A.R.A.C.I. Australian. 15, Victoria Crescent, Mont 
Albert, E.10, Melbourne, Australia. Research Chemist, Gas and Fuel Corporation of Victoria. 
Signed by: K. H. Pausacker. 

Campbell, Kenneth Nielsen, Ph.D. (Chicago). American. Mead Johnson Research Laboratories, 
Evansville 21, Indiana, U.S.A. Director of Medicinal Chemistry, Mead Johnson Research 
Laboratories. Signed by: D. E. Rivard. 

*Fang, Fabian Tien-Hwa, M.S. (Illinois). Chinese. 260, Noyes Laboratory, University of Illinois, 
Urbana, Illinois, U.S.A. Research Student. Signed by: D. Curtin. 

*Hussain, Fazal, M.Sc. (Punjab). Pakistani. c/o Mrs. Richet, 40, Peckham Hill Street, London, 
S.E.15. Research Student. Signed by: C. M. French. 

Katchman, Arthur, B.A. (New York). American. 8802, Ridge Boulevard, Brooklyn 9, New York, 
U.S.A. Research Associate, Department of Biochemistry, New York Medical College. Signed by: 
E. I. Becker, C. G. Overberger. 

*Look, Melvin, B.S. (Calif.). American. 960, Jackson Street, San Francisco 11, California, U.S.A. 
Teaching Assistant, Stanford University. Signed by: H.C. Prosser, H. Rapoport. 

McNiven, Neal Lindsay, M.Sc. (McGill), Ph.D. (St. Andrews), A.M.I.Chem.E. Canadian. 14, Water 
Street, Shrewsbury, Massachusetts, U.S.A. Research Chemist. Signed by: H. Levy. 

Matsui, Munetoshi. Japanese. Takamine Research Laboratory, Sankyo Co. Ltd., 888, 1l-chome, 
Nishi-shinagawa, Shinagawa-ku, Tokyo, Japan. Assistant Manager for Research. Signed by: 
S. Yoshida. 

Meikle, William Jackson, B.A. (Lehigh). American. 740, Eighth Street, Baraboo, Wisconsin, U.S.A. 
Laboratory Superintendent, Liberty Powder Defense Corp. Signed by: G. Lucas. 

Meister, Peter Dietrich, Ph.D. (Federal Inst. of Tech. Zurich). Swiss. c/o The Upjohn Co., Kalamazoo, 
Michigan, U.S.A. Research Chemist. Signed by: J. Korman. 

Mingoia, Quintino, D.Sc. (Pavia). Italian. Box 8086, S. Paulo, Brazil. Professor of Organic 
Chemistry, University of S. Paulo. Signed by: G. B. Marini-Bettolo. 

Nielsen, Arnold Thor, Ph.D. (Washington). American. Chemistry Department, Purdue University, 
Lafayette, Indiana, U.S.A. Research Fellow. Signed by: N. Kornblum, J. W. Shepherd. 
Rottenberg, Max, Dr.Phil. (Basle). Swiss. Ecole de Chimie, Université de Genéve, Geneva, Switzer- 

land. Research Chemist. Signed by: C. A. Grob. 

Schneider, Joseph H., M.S. (New York). American. Long Island University Chemistry Department, 
385, Flatbush Avenue Ext’n., Brooklyn 1, New York, U.S.A. Instructor in Chemistry. Signed 
by: E. I. Becker. 

*Seldin, Ira L., B.S; (City Coll. of New York). American. 11, Nicholson Street, N.W., Washington, 
D.C., U.S.A. Chemist, National Bureau of Standards. Signed by: G. M. Wyman. 

Szwarc, Michael, Chem.Eng. (Warsaw), Ph.D. (The Hebrew Univ. Jerusalem), Ph.D. and D.Sc. (Manc.). 
British. 549, Salt Springs Road, Syracuse, New York, U.S.A. Professor of Physical and Polymer 
Chemistry. Signed by: V. T. Stannett. 

White, Emil Henry, M.S. and Ph.D. (Purdue). American. Sterling Chemistry Laboratory, Yale 
University, New Haven, Connecticut, U.S.A. Instructor. Signed by: W. E. Doering. 

*Wyman, John Ery, B.Sc. (Michigan). American. F.P.H.A. 518-4, Airport Road, West Lafayette, 
Indiana, U.S.A. Graduate Student. Signed by: J. W. Shepherd. 


* Reduced Annual Subscription. 
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PAPERS ACCEPTED FOR PUBLICATION. 


(List of papers accepted for publication, between November 21st, 1953, and January 19th, 
1954, exclusive of those previously notified as ‘‘ received.’’) 


Numbers quoted are “ Reprint Order Numbers.’ Reprints may be ordered from the 
list below, or from the published Journal (January 1954 onwards). Orders must be sent to 
the General Secretary accompanied by a remittance for 5s. for each reprint, or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, 
price 10s. per book of five vouchers available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing thirty reprint vouchers at {1 10s. per book. 


4825. ‘‘Dithiols. Part XIII. The alkaline hydrolysis of acetylated vicinal hydroxy- 
thiols.” By J. S. HARDING and L. N. OWEN. 

4826. “Dithiols. Part XIV. The alkaline hydrolysis of acetylated non-vicinal hydroxy- 
thiols.” By J. S. HARDING and L. N. OWEN. 

4827. ‘‘ Alkyl-oxygen fission in carboxylic esters. Part XIII. The resolution and 
reactions of 1:2: 2:2-tetraphenylethanol. Crystalline solvent complexes of (-+-)- 
1: 2:2: 2-tetraphenylethyl hydrogen phthalate.’ By L. ELLISON and J. Kenyon. 

4828. “ Reactions of thiols and thioethers. Part I. An analogue of the Mannich re- 
action involving thiols, formaldehyde, and active methylene methylidyne com- 
pounds.” By F. Poppretsporr and S. J. HOLT. 

4829. “The preparation of -f-hydroxyphenyl-«-mercaptopropionic acid and some 
related acids, and the action of tyrosinase on the former.” By D. G. Bew and G. R. 
CLEMO. 

4830. ‘“‘ The oxidation of phenylhydrazones. Part II.’’ By B. M. Lyncn and K. H. 
PAUSACKER. 

4831. “Syntheses from phthalimido-acids. Part IV. #-Glycylaminobenzoic acid and 
derivatives.” By F. E. Kine, J. W. CLARK-Lewis, D. A. A. Kipp, and G. R. SmirH. 

4832. ‘ Syntheses from phthalimido-acids. Part V. Amides of glycine, DL-alanine, and 
L-glutamic acid with amphetamine, benzocaine, and procaine.” By F. E. King, 
J. W. CLARK-LEwis, and G. R. SMITH. 

4833. ‘‘ Syntheses from phthalimido-acids. Part VI. Further products from phthalyl- 
DL-aspartic anhydride, and the preparation of phthalylglycyl-pL-asparagine and 
-pL-serine.” By F. E. Kine, J. W. CLARK-LEwis, and G. R. SMITH. 

4834. ‘“‘ A new synthesis of pantethine and some analogues thereof.” By R. E. BowMAN 
and J. F. CAVALLA. 

4835. ‘Complex fluorides of quadra- and quinque-valent ruthenium.” By M. A. 
HeEpwortH, R. D. PEAcock, and P. L. ROBINSON. 

4836. ‘‘ The kinetics and mechanisms of aromatic halogen substitution. Part I. Acid- 
catalysed chlorination by aqueo:s solutions of hypochlorous acid.” By P. B. D. DE La 
Make, A. D. KETLEY, and C. A. VERNON. 

4839. ‘‘ The heats of dissolution and the optical rotatory dispersion of 1 : 2-diphenyl- 
ethanol.” By M. K. HARGREAVES. 

4841. ‘ Reactions of 4-thionchromones with amino-compounds and with methy] iodide.” 
By WILSON BAKER, G. G. CLARKE, J. B. HARBORNE, and W. D. OLLIs. 

4843. ‘‘ Crystalline 2 : 4-di-O-methyl-p-glucose.”” By D. J. BELL and D. J. MANNERs. 

4847. ‘‘ The reaction of phenyl-lithium with azobenzene.” By P. F. Hort and B. P. 
HUGHES. 

4849. ‘‘ The galactan of Strychnos nux-vomica seeds.” By P. ANDREWS, L. HouGu, and 
J. K. N. JONEs. 

4850. ‘‘ Constituents of the lipids of tubercle bacilli. Part II.’”’ By J. D. CHANLEY and 
N. POLGAR. 

4851. ‘‘ Constituents of the lipids of tubercle bacilli. Part III. Mycolipenic acid.” By 


N. PoLGar. 
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4852. ‘‘ Constituents of the lipids of tubercle bacilli. Part IV. Mycoceranic acid.”’ By 
N. PoLGar. 

4853. ‘‘ Chemical reactions of complexes. Part VI. Dinuclear dihydrazidonickel com- 
plexes.’” By Luici SACCONI. 

4855. ‘‘ The reactions of highly fluorinated organic compounds. Part V. 1H: 2H- 
Hexafluorocyclobutane and 1H-pentafluorocyclobutene.”’ By M. W. Buxton and 
J. C. TATLOow. 

4857. ‘‘ The nitration and hydroxylation of phenetole, phenyl ”-propy! ether, and aceto 
phenone by pernitrous acid.” By R. B. HEsLop and P. L. RoBINson. 

4858. ‘‘ Further investigations on trifluoromethyldipheny! derivatives.”” By M. R. 
Pettit and J. C. TATLow. 

4860. ‘‘ Crystalline 1-O-methyl-p-fructose.’’ By S. BAYNE and JENNIFER WILDY. 

4861. ‘‘ The crystal structure and molecular shape of 3: 4-5 : 6-dibenzophenanthrene.”’ 
By A. O. McINTosH, J. MONTEATH ROBERTSON, and V. VAND. 

4862. ‘‘ Preparation of aromatic aldehydes and ketones from diazonium salts.’’ By 
W. F. BEECH. 

4864. ‘Synthesis of 2-chloro-6-methylphenoxyacetic acid.’”’ By J. H. BARNEs and 
P. G. MARSHALL. 

4865. ‘‘ Surface films of phenolic compounds.” By A. 

4873. ‘ The preparation of thorium alkoxides.”’ By 
W. WARDLAW. 

4874. ‘“‘ ortho-Hydroxylation of phenols. Part IV. Pyrogallols.’’ By J. D. Loupon 
and L. A. SUMMERS. 

4875. ‘3: 6-Dicyanocatechol.”” By J. D. Loupon and D. K. V. STEEL. 

4876. ‘‘The mechanism of the Favorski reaction.” By J. G. BuRR, JUN., and M. J. S. 
DEWAR. 

4878. ‘‘ Triterpene resinols and related acids. Part XXX. The oxidation of 12-oxotso 
oleana-9(11) : 14-dienyl acetate.’’ By J. D. JOHNSTON and IF. S. SPRING. 

4879. ‘‘ Some derivatives of pyridinecarboxyhydrazides.”” By D. D. LipMAn, D. L. Paty, 
and R. SLACK. 

4880. “ Aluminium halide complexes with pyridine, trimethylamine, and triethylamine. 
Part II.””. By D. D. ELry and H. Watts. 

4881. ‘‘Steroids. Part XI. Isolation of cholegenin and ¢socholegenin from ox-bile.”’ 
3y N. J. ANTrA, Y. Mazur, R. R. WILSon, and F. S. SPRING. 

4882. “Steroids. Part XII. The structures of cholegenin and ‘socholegenin.”” By 
Y. Mazur and F. S. SPRING. 

4886. ‘Steroids. Part XIII. The conversion of ergosterol into progesterone.’ By 
FRANCIS JOHNSON, G. T. NEWBOLD, and F. S. SprING. 

489). “‘ Reactions of fluorocarbon radicals. Part XV. Synthesis and hydration of 
1 : 1: 1-trifluorobut-2-yne.”” By R. N. HAszELDINE and K. LEEDHAM. 

4891. “‘ Perfluoroalkyl Grignard and Grignard-type reagents. Part IV. Trifluoro- 
methylmagnesium iodlide.”” By R. N. HASZELDINE. 

4892. “‘ Acid-catalysed racemisation of 1l-methylheptyl acetate.” By M. P. BALFE, 
W. H. F. JAcKMAN, and J. KENyon. 

4896. “ Phthalaldehydes and related compounds. Part IV. Synthesis of galdiolic acid.”’ 
By J. J. Brown and G. T. NEwsBo tp. 

4898. “Intramolecular acylation. Part IV. Preparation and ring closure of some 
y-carboxy- and y-cyano-y-arylpimelic acids.” By D. H. Hey and K. A. Nacpy. 
4900. ‘3: 6-Disubstituted fluorenes. Part III. Fluorene analogues of Michler’s hydrol, 

malachite green, and crystal violet.”” By A. BARKER and C. C. BARKER. 

4912. “ The structure of metrosiderene.” By R. E. CorBetr and W. G. HANGER. 

4913. “The chemistry of fungi. Part XXII. Nidulin and nornidulin (“ ustin "’) 
Chlorine-containing metabolic products of Aspergillus nidulans.” By F. M. DEAN, 
JOHN C. ROBERTs, and ALEXANDER ROBERTSON. 

4923. ‘Colouring matters of the aphidide. Part IX. Some reactions of extended 
quinones.’” By B. R. Brown and A. R. Topp. 


x. ALLAN and J. H. SCHULMAN. 


nf 
D. C. BRADLEY, M. A. SAAD, and 
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4925. 
4 : 9-dihydroxyperylene-3 : 10-quinone.”’ 
A. R. Topp. 

4929. 


chain of 2 : 4-dichlorophenoxyacetic acid.” 
By R. O. ATKINSON. 


4942. ‘‘ Some reactions of phthalimide.”’ 


ADDITIONS TO 
I. Donations 


ANNUAL REVIEW OF NUCLEAR SCIENCE. 
Vol. 3. Edited by JamMEs G. BECKERLEY [and 
others]. Stanford, Calif. 1953. pp.ix + 412. 
ill. (Reference.) $7. 

From the Publishers : Annual Reviews, Inc. 

BraGcG, Sty LAWRENCE. Editor. The 
crystalline state. Vol. 3. The determination 
of crystal structures. By H. Lipson and W. 
CocHRAN. London 1953. pp. ix + 345. ill. 
50s. (Recd. 29/12/53.) From the Publishers : 

Messrs. G. Bell & Sons, Ltd. 

HEILBRON, SIR IAN, and BUNBURY, HUGH 
MILLs. Editors-in-Chief. Dictionary of or- 
ganic compounds. New edition. 4 vols. 
London 1953. pp. xvi+ 654; xvi + 845; 
xvi + 838; xvi + 694. (Reference.) £28. 

From the Publishers : 
Messrs. Eyre & Spottiswoode, Ltd. 

INORGANIC SYNTHESES. Vol. 4. Edited 
by Joun C. Baivar, JUN. [and others]. New 
York 1953. pp. xii+ 218. ill. (Reference.) 
$4.50. From the Publishers : 

McGraw-Hill Book Co., Inc. 

INTERNATIONAL UNION OF CRYSTALLO- 
GRAPHY. Structure reports for 1945—1946. 
Vol. 10. Edited by A. J. C. Wirson [and 
others]. Utrecht 1953. pp. viii + 325. ill. 
(Reference.) From the Publishers : 

N.V. A. Oosthoek’s Uitgevers Mij. 

SOCIETY OF POLYMER SCIENCE, Japan. 
Chemistry of High Polymers. Vol. 9, No. 87— 
Vol. 10, No. 101. Tokyo 1952—1953. (Refer- 
ence.) [In Japanese.] From ASLIB. 

TITANIUM METALS CORPORATION OF 
AMERICA. Handbook on titanium metal. 7th 
edition. New York 1953. pp. 118. ill. 

From the Corporation. 


II. By Purchase 


ASSOCIATION OF CLINICAL 
Standard methods of clinical 
Vol. 1. New York 1953. pp. 
ill. Academic Pr. $4.50. (Recd. 


AMERICAN 
CHEMISTS. 
chemistry. 
xii + 142. 
29/12/53.) 


“ Colouring matters of the aphidide. 


“The chemistry of plant growth-regulators. Part II. 


Part X. Preparation and properties of 
By A. CALDERBANK, A. W. JOHNSON, and 


Modification of the side- 
By G. W. K. Cavitt and D. L. Foro. 


THE LIBRARY 


BIKERMAN, JACOB JOSEPH [and others]. 
Foams; theory and industrial applications. 
New York 1953. pp. [vi] + 347. ill. Rein- 
hold. $10. (Recd. 29/12/53.) 

BRITISH CERAMIC SOCIETY. Ceramics. 
A symposium. Arranged and edited by 
ARNOLD TREVOR GREEN and GERALD H. 
STEWART. Stoke-on-Trent 1953. pp. xix + 
877. ill. The Society. 65s. (Recd. 15/1/54.) 

C1BA FOUNDATION. Colloquia on endo- 
crinology. Vol. 1. Steroid hormones and 
tumour growth. Steroid hormones and 
enzymes. London 1952. pp. xx + 315. ill. 
Churchill. 30s. (Recd. 29/12/53.) 

Vol. 2. Steroid metabolism and 

estimation. London 1952. pp. xix + 429. 
ill. Churchill. 35s. (Recd. 29/12/53.) 

Vol. 4. Anterior pituitary secre- 

Hormonal influence in water metabol- 

London 1952. pp. xxiv + 591. ill. 

Churchill. 45s. (Recd. 29/12/53.) 

—-—— Vol. 5. Bioassay of anterior 

Lon- 

Churchill. 


pituitary and adrenocortical hormones. 


1953. pp. xv + 228. ill. 
(Recd. 29/12/53.) 

—— —— Vol. 7. : Synthesis and metabol- 
ism of adrenocortical steroids. London 1953. 


ill. Churchill. 30s. (Recd. 


don 
25s. 


“et 


pp. xvili +- 297. 
29/12/53.) 

— Symposia. 
1951. pp. xiii + 249. ill. 
(Recd. 29/12/53.) 

-— - Mammalian germ cells. 
ill. Churchill. 


Liver disease. London 
Churchill. 265s. 


London 
1953. pp. xvi + 302. 30s. 
(Recd. 29/12/53.) 

Conway, Epwarp J. 
of gastric acid secretion. 
1953. pp. xi + 185. ill. 
(Recd. 15/1/54.) 

DAVIDSON, JAMES 
chemistry of the nucleic acids. 
London 1953. pp. viii + 200. 
10s. 6d. (Recd. 22/1/54.) 

EWALD, HEINZ, and HINTENBERGER, 
HEINRICH. Methoden und Anwendungen der 
Massenspektroskopie. Weinheim 1953. pp. 
288. ill. Verlag Chemie. DM 25.60. (Recd. 
15/1/54.) 


The biochemistry 
Springfield, Ill. 
Thomas. $6.50. 


NORMAN. The _ bio- 
2nd edition. 
ill. Methuen. 


FISCHER, WALTHER, and WOLF, SIEG- 
FRIED. Schwefel in Schlacke und Schlacken- 
wolle. Stuttgart 1951. pp. viii + 231. ill. 
Schweizerbart. DM. 27. (Recd. 18/12/53.) 

GOLDSCHMIDT, V. M. _ Geochemistry. 
Edited by ALEx Muir. Oxford 1954. pp. 
xi + 730. ill. Clarendon Pr. 63s. (Recd. 
7/1/54.) 

INDIA. Council of Scientific and Industrial 
Research. The wealth of India; a dictionary 
of Indian raw materials and industrial pro- 
ducts. Industrial products, Part I, etc.; 
Delhi 1948+. 


Raw materials, Vol. 1, etc. 
(Reference.) 
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LARSEN, EGon. An American in Europe. 
The life of Benjamin Thompson, Count Rum- 
ford. London 1953. pp. 224. ill. Rider. 
lis. (Recd. 1/1/54.) 


MASON, BRIAN. Principles of geochemistry. 
New York 1952. pp. ix + 276. ill. Wiley. 
$5. (Recd. 21/1/54.) 


SPECHT, FRANZ. Quantitative anorganische 
Analyse in der Technik; Untersuchungs- 
methoden fiir eine Auswahl anorganisch- 
technischer Produkte. Weinheim 1953. pp. 
236. ill. Verlag Chemie. DM. 17.80. 
(Recd. 15/1/54.) 


March, 1954 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING MAY, 1954 


LONDON. 
Thursday, May 6th, 1954, at 7.30 p.m. 


Centenary Lecture, The Story of the isoQuinoline Alkaloids, by Dr. R. H. Manske, 
M.Sc., Ph.D. To be held in the Rooms of the Society, Burlington House, W.1. 


Friday, May 7th, 1954, at 6.30 p.m. 

Reception and Conversazione to be held at The Senate House, University of London, 
W.C.1. (By kind permission of the University authorities.) Full details will 
be circulated to Fellows. 

IRISH REPUBLIC. 
Friday, May 7th, 1954, at 7.45 p.m. 

Lecture, Past, Present, and Future in Theoretical Chemistry, by Professor C. A. 
Coulson, F.R.S. Joint Meeting with the Werner Society. . To be held in the 
Chemistry Department, Trinity College, Dublin. 

NORTHERN IRELAND. 
Friday, May 7th, 1954, at 7.45 p.m. 


Lecture, Oxidation in Aqueous Solution, by Dr. J. H. Baxendale. To be given in the 
Chemistry Lecture Theatre, Queen’s University, Belfast. 


NORTH WALES. 
Thursday, May 6th, 1954, at 5.45 p.m. 


Lecture, Atoms and Molecules in Cages, by Mr. H. M. Powell, B.Sc., M.A., F.R.S. 
Joint Meeting with the University College of North Wales Chemical Society. 
To be held in the Department of Chemistry, University College of North Wales, 
Bangor. 


ST. ANDREWS AND DUNDEE. 
Thursday, May 6th, 1954, at 5.15 p.m. 


Lecture, The Relation between Theory and Experiment in Physical Chemistry, 
by Professor E. A. Guggenheim, F.R.S. To be given in the Chemistry De- 
partment, University College, Dundee. 


SOUTHAMPTON. 


Friday, May 7th, 1954, at 5 p.m. 


Lecture, The Stereochemistry of cycloHexane Derivatives, by Professor D. H. R. 
Barton, D.Sc., F.R.I.C. Joint Meeting with Southampton University 
Chemical Society. To be held in the Chemistry Department, The University. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died. 

Ernest James Burrough (S.E. 11) Oct. 15th, 1942. Sept. 1953. 
William Ryle Clifford Curjel (Woodbridge) ... June 16th, 1927. Dec. 13th, 1953. 
William Goodwin (Wye) May 7th, 1896. Dec. 30th, 1953. 
Charles Franklin Hosford (San Francisco) July 14th, 1943. April, 1952. 
Join Ross Mackenzie (Worcester) Feb. 19th, 1902. Sept. 28th, 1953. 
Robert Charles Marchant (Andover) May 16th, 1895. 1944. 

Matthew Archibald Parker /Winnipeg) May 3rd, 1894. Nov. 29th, 1953. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to Robert Leonard 
Jenks (Twickenham), who completed 60 years of Fellowship on February 15th, 1954, and 
to the following who completed 50 years of Fellowship on February 17th, 1954 : 


Robert Gawler (Leeds). 

John Augustus Goodson (N.13). 

John Monteath Guthrie (Edinburgh). 
Jack Percival Montgomery (Alabama). 
William Henry Woodcock (S.E.1). 


ELECTION OF NEW FELLOWS : 
The following 91 candidates were elected Fellows of the Society on Iebruary 18th, 


1954 : 


John Ray Anderson. 

Cyril Bernard Ashby. 
Johan Nigel Atherton. 
Robert Luis Autrey. 
Maria Henriette Barb. 
Ralph Peter Barone. 
Peter John Beckett. 
Edward Joseph Behrman 
Victor Dene Brice. 

Peter Bertram Brindley. 
Gerald Thomas Brooks. 
Christopher John Brown. 
Michael Joseph Clancy. 
Peter Clarke. 

Colin James Cochrane. 
Douglas Anthony Courtney. 
Wilfred Effingham Dasent. 
3arry Eugene Deuters. 
Gino Dicastro. 


Arthur Maultsby Dowell, jun. 


Ernest James Parfitt Fear. 
Joseph Feltzin. 

Robert Fleming. 

Doris Ethel Frizel. 

Maung Mg Gale. 

Roland Bodley Gauntlett. 
Charles Lewis Geall. 

Paul Shapter Gray. 

Peter Frank Greenwood. 
Warren Frederick Hale. 
Bernard Frederick Hallam. 
Harry Evans Hallam. 
Michael Robin Harris. 
Norris King Haugh. 

John Michael Heaps. 


Michael John Holmes. 

Harry Eric Howells. 

David R. Howton. 

Roy William Arthur Humphries. 
Leonard John Burnard Husband. 
Richard Frederick James Ingleby. 
Peter Joseph Jackson. 

Arthur Jacobus. 

Kenneth Jewers. 

Ronald Burger Kelly. 

Michael Philip Kershaw. 
Edward M. Kosower. 

Hiok Huang Lee. 

Frederick Leonard. 

Kenneth Leslie Litherland. 
Donald Francis Loncrini. 

Colin Christopher McCain. 

Ian Cameron McNeill. 

David Malcolm McQueen. 

Brian James Heywood Mattinson. 
Sylvia Meecham. 

Derek Henry Meiior. 

Walter Vincent Moore. 

Alasdair Hewitt Neilson. 

Donald Henry Northcote. 
George Arthur Pope. 

Alun Hywel Price. 

Michael Rigbi. 

William Clellano Russell. 

Ronald Herbert Saunders. 

Shoji Shibata. 

James Harold Short. 

Derek Arthur William Slawson. 
Derek Geoffrey Smith. 

Raymond Anthony Smith. 


William Channing Smith. David Brian Wakefield. 
Simon Alan Spearing. James Paul Ward. 

Robert Stephens. Frederick Ian Warwick. 
Ralph Stern. Thomas Robert Watson. 
Norman Sutin. Alfred Sidney Weaving. 
Donald Francis Tavares. Edward W. Westhead, jun. 
Dorothy Elaine Thomas. Bertram White. 

Alan John Tompsett. John Frederick Arthur Williams. 
Brian Lawrence Tonge. Michael John Ghent Williams. 
John Trotman. Arthur Leslie Wragg. 

Henry Richard John Waddington. 


HARRISON MEMORIAL PRIZE, 1953. 


At the meeting of the Harrison Memorial Prize Selection Committee held on February 
Ist, 1954, it was decided that the Harrison Memorial Prize for 1953 should be awarded to 
Dr. Ronald James Gillespie for his work on the electrochemistry of strong-acid solvents 
published during the five years 1949—53. Dr. Gillespie, a lecturer in chemistry at Uni- 
versity College, London, is at present carrying out research on the dielectric properties of 
polar liquids at Brown University, U.S.A. 

This Prize may be awarded for outstanding merit in any branch of Pure, or Applied, 
Chemistry. It was created in 1922 to commemorate the services of the late Colonel Edward 
Frank Harrison, formerly Deputy Controller of the Chemical Warfare Department, for the 
protection of the British Forces from poison gas in the 1914—18 war. It is awarded to the 
3ritish chemist, under 30 years of age, who, in the opinion of the Selection Committee, has 
during the previous five years conducted the most meritorious and promising original 
investigations in Chemistry and published the results. 


CORDAY-MORGAN MEDAL AND PRIZE. 
The Corday-Morgan Medal and Prize for 1952 has been awarded to Dr. James Baddiley. 
The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary 


Prize of 150 Guineas, is awarded annually to the chemist of either sex and of British 
Nationality, who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question the most meritorious contribution to experimental 
chemistry, and who shall not, at the date of publication, have attained the age of thirty- 
six years. The Council has power to suspend the award in any year in which no suitable 
candidate presents himself or is brought to the notice of the Council. 

Copies of the rules governing the award may be obtained from the General Secretary. 
Applications or recommendations in respect of the award for the year 1953 must be received 
not later than December 31st, 1954, and applications for the award for 1954 are due before 
the end of 1955. 


FLINTOFF MEDAL AND PRIZE. 

The Flintoff Medal and Prize for 1953 has been awarded to Professor Melvin Calvin 
(University of California) for his contributions to the problems of photosynthesis in the 
living plant. 

This award, consisting of a Medal and a monetary prize, arises from a bequest made to 
the Society by the late Mr. Robert John Flintoff. It will be made once every three years 
subject to there being a candidate who, in the opinion of the Council of the Chemical 
Society, is of sufficient merit. The award will be made to the Fellow of the Chemical 
Society, of either sex, who has made the most meritorious contribution to the knowledge 
of the relations between chemistry and botany. 


LIBRARY. 
The Library will close for the Easter holiday at 1 p.m. on Thursday, April 15th, and 
re-open at 10 a.m. on Wednesday, April 21st, 1954. 
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MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on February 4th, 1954, at 2.30 p.m. 
The President, PRoFEssor C. K. INGOLD, D.Sc., F.R.S., was in the Chair. 
MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on Thursday, January 
2Ist, 1954, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: P. George, J. D. Backhurst, 
A. D. Allen, M. L. Dons, G. W. A. Fowles, H. Block, R. A. J. Long, A. J. Chalk, F. J. C. 
Rossotti, Peter Gray, Dennis Winter, D. A. Conyers, H. N. Moulden, T. F. Williams, 
Arthur F. Chaplin, B. Rigby. 


SYMPOSIUM. 

The President called upon Dr. L. E. Sutton, F.R.S., to take the Chair and to open the 
Symposium, entitled “ Kinetics and Mechanism of Inorganic Reactions in Solution. A 
Survey of Recent Work.’”’ The following contributions were made and discussed : 

“General Survey of Problems and Methods,” by Dr. H. M. N. H. Irving. 

‘Mechanism and Stereochemistry of Octahedral Substitution,” by Professor C. K. 


Ingold. 
‘“‘ Physico-chemical Mechanisms involved in Electron Transfer,”’ by Professor F. S. 


Dainton. 
‘Some Aqueous Oxidation—Reduction Reactions,’ by Dr. J. H. Baxendale. 


The meeting then adjourned until 7.30 p.m. when Dr. J. Chatt took the Chair and the 
Symposium was resumed with the following contributions : 
“The Disproportionation Reactions of the Heavy Elements in Aqueous Solution,” 


by Dr. R. Hurst. 

“The Structure and Reactivity of the Complexes formed by Ferric Ions with some 
Simple Anions,’’ by Dr. K. W. Sykes. 

“Hydrolysis and Exchange Studies of some Cobalt and Chromium Complexes,’ by 
Dr. A. W. Adamson and Dr. R. G. Wilkins. 


After a general discussion a vote of thanks to Dr. J. Chatt and Dr. L. E. Sutton for 
arranging the Symposium, and to the contributors, was proposed by the President and 
carried with acclamation. 

Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on February 18th, 1954, at 7.30 p.m. 

The President, Proressor C. K. INGotp, D.Sc., F.R.S., was in the Chair. 

MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on February 4th, 1954, 
were read, and were confirmed and signed. 


VACANCIES ON COUNCIL, 1954-55. 
The list of nominations was read. 


APPOINTMENT OF SCRUTATORS. 


Dr. P. F. G. Praill and Dr. C. A. Vernon were appointed Scrutators for the ballot for 
the election of Vice-Presidents and Ordinary Members of Council. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: S. Lovett, J. W. Laxton, K. 
Lawrence. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“The thermal and photo-decomposition of silver oxalate,’’ by A. Finch, P. W. M. 
Jacobs, and F, C. Tompkins. 

“Some anomalous properties of aqueous silver salt solutions,’ by C. W. Davies and 
D. C. Morgan. . 

“Some correlations between thermodynamic properties and the structure of liquids,’’ 
by D. H. Everett. 


PAPERS ACCEPTED FOR PUBLICATION 


(List of papers accepted for publication between January 20th and February 23rd, 1954.) 


Numbers quoted are ‘‘ Reprint Order Numbers.’’ Reprints may be ordered from the 
list below, or from the published Journal (January 1954 onwards). Orders must be sent 
to the General Secretary accompanied by a remittance for 5s. for each reprint, or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, price 
10s. per book of five vouchers available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing thirty reprint vouchers at £1 10s. per book. 


4837. ‘‘Cinnolines and other heterocyclic types in relation to the chemotherapy of 
trypanosomiasis. Part VIII. Attempts to synthesise N1N*-di-(4-amino-7-cinnolyl)- 
guanidine dimethiodide.” By C. M. ATKINSON, (the late) J. C. E. Srmpson, and A. 
TAYLOR. 

4840. “‘ Vapour-phase oxidation of olefins. The catalysed oxidation of ditsobutene in the 
presence of selenium.” By D. J. Hapiey, R. H. Hatt, R. Heap, and D. I. H. JAcoss. 

4842. “‘ The dissociation constant of chlorous acid.”” By G. F. DAavipson, 

4848. ‘‘ Studies on biological methylation. Part XIV. The formation of trimethyl- 
arsine and dimethyl selenide in mould cultures, with methyl sources containing MC.” 
By FREDERICK CHALLENGER, DENIS B. LISLE, and PHILIP B. DRANSFIELD. 

4856. ‘‘Some experiments relating to the chemistry of the dichlorohydrins.” By 
P. B. D. DE LA Mare and J. G. PRITCHARD. 

4859. “ The structure of the oligosaccharides produced by the anzymatic breakdown of 
pectic acid. Part I.” By J. K. N. Jones and W. W. REED. 

4863. ‘‘ The exchange of iodine atoms between iodine and methyl iodide in the tem- 
perature range 150—375° c.” By Douctas Ciark, H. O. PritcHarD, and A. F. 
TROTMAN-DICKENSON. 

4867. ‘Quinones. Part IV. The elimination of substituents from 1 : 4-naphtha- 
quinones.”’ By D. B. Bruce and R. H. THOMPSON. 
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4869. ‘‘ Thiophen derivatives of biological interest. Part V. 2-Styrylthiophen, 1 : 2-di- 
aryl-1-2’-thienylethylenes, and similar compounds.”” By Ng. H. Nam, Ng. Ph. 
Buvu-Hoi, and Ng. D. XUONG. 

4871. “Solubilization of water in non-polar solvents by detergent mixtures.’’ By 
SANTI R. Pair and V. VENKATESWARLU. 

4872. ‘‘ The mechanism of oxidation of «-glycols by periodic acid. Part I. Ethylene 
glycol.” By G. J. Burst and C. A. BUNTON. 

4877. ‘Some reactions of optically active 1-phenylpent-l-en-3-0l and 1-phenylpent-2- 
en-l-ol.”” By M. P. BALFE, J. KENyon, and D. Y. WADDAN. 

4883. ‘‘ The kinetics of ionic polymerisations, Part IV. The action of iodine chloride 
and iodine bromide on n-butyl vinyl ether.”” By D. D. ELEy and J. SAUNDERs. 
4884. ‘‘ The kinetics of ionic polymerisations. Part V. The inhibition of polymerisation 
of n-butyl vinyl ether by pyridine and 2-iodopyridine catalysed by iodine.” By 

D. D. ELEy and J. SAUNDERS. 

4885. ‘‘ The kinetics of ionic polymerisation. Part VI. The copolymerisation of tsobutyl 
vinyl ether and 2-chloroethyl vinyl ether.””’ By D. D. ELEy and J. SAUNDERs. 

4887. ‘‘Hydrazine. Part VII. Some halogeno-antimonites and -bismuthites of hydr- 
azine.’’ By W. PuGu. 

4888. ‘Solutions in sulphuric acid. Part XVI. A reconsideration of the value of the 
cyoscopic constant.”” By R. J. GILLESPIE. 

4893. ‘ Analogues of chloramphenicol. Part I.’’ By DouG as S. Morris and SYLVIA 
D. SMITH. 

4894. ‘‘ Analogues of chloramphenicol. Part II.’’ By CHARLES S. FRANKLIN, DOUGLAS 
S. Morris, and SyL_via D. SMITH. 

4895. ‘‘ Analogues of chloramphenicol. Part III.’’ By Davin D. Evans, DouGtas S. 
Morris, SYLviA D. SmituH, and Davip J. TIVEY. 

4897. ‘The aporphine series. Part I. Developments of the Bischler—Napieralski 
Pschorr synthetical method. The synthesis of (--)-tsobulbocapnine and (-|-)-actino- 
daphnine methyl ether.””’ By D. H. Hey and L. C. Loso. 

4899. ‘‘Internuclear cylisation. Part VIII. Naphth(3: 2: 1-cd)oxindoles.”” By R. A. 
ABRAMOVITCH and D. H. HEy. 

4901. ‘‘ Properties and reactions of free alkyl radicals in solution. Part VII. Reactions 
with quinonimides, nitric oxide, and nitroso-compounds.”’ By BERNARD A. GINGRAS 
and WILLIAM A. WATERS. 

4902. ‘‘Clovene and §-caryophyllene alcohol.” By ALBERT W. Lutz and Evans B. 
REID. 

4903. ‘Studies with acetylenes. Part I. Some reactions of Grignard reagents with 
alkyn-l-yl and alken-l-yl halides.”” By H. K. Biack, D. H. S. Horn, and B. C, L. 
WEEDON. 

4904. “Studies in the synthesis of cortisone. Part VIII. A Wagner—Meerwein re- 
arrangement involving rings c and D of the steroid nucleus.’’ By J. Erks, G. H. 
PuiLuips, D. A. H. TAYLor, and L. J. WYMAN. 

4906. ‘‘ Bond orders in dibenzo(cd,/m)perylene.”” By E. THEAL STEWART. 

4907. ‘‘ Constituents of the seeds of Corchorus olitorius, L. Part II. Isolation of $-sito- 
sterol and corchorolic acid.’” By GABRA SOLIMAN and WAHBA SALEH. 

4908. ‘‘ Mesomorphism and chemical constitution. Part II. The trans-p-n-alkoxycin- 
namic acids.”” By G. W. Gray and BRYNMOR JONES. 

4909. “Complex fluorides. Part II. Studies on fluoroferrates and on hydrogen bonding 
in complex fluorides.’’ By B. Cox and A. G. SHARPE. 

4910. “‘‘ Addition of free radicals to unsaturated systems. Part VIII. The direction of 
radical addition to alkyl- and perfluoroalkyl-acetylenes.’’ By K. LEEDHAM and R. N. 
HASZELDINE. 

4911. “Synthesis of 8-amino-sulphones and «$-unsaturated sulphones.”” By M. BaLa- 
SUBRAMANIAN and V. BALIAH. 
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4914. ‘‘ The chemistry of the melanins. Part V. The autoxidation of 5 : 6-dihydroxy- 
indoles.”” By R. J. S. BEER, Tom BRoApDHURST, and ALEXANDER ROBERTSON. 
4915. ‘‘ The chemistry of the ‘insoluble red woods’. Part V. Pterocarpin and an 
oxidation product of homopterocarpin.’’ By ALEXANDER ROBERTSON and W. B. 

WHALLEY. 

4916. ‘‘ Mechanisms of removal of hydrogen from palladium—hydrogen by oxidation.”’ 
By F. A. Lewis and A. R. UBBELOHDE. 

4917. ‘‘ Chemical constitution and the dissociation constants of monocarboxylic acids. 
Part XIII. Some alkylbenzoic acids exhibiting steric effects.” By J. F. J. Dippy, 
S. R. C. HuGHEs, and J. W. Laxton. 

4918. ‘‘ The synthesis of 8-succinamidolevulic acid and related compounds.” 
NEUBERGER and J. J. SCOTT. 

4919.‘ Picrotoxin and tutin. Part VII. Experiments with tutin.” By 
FLETCHER, R. B. HALL, E. L. RicHarp, S. N. SLATER, and C. C. WATSON. 

4921. ‘‘ Organic fluoro-compounds. Part VIII. Some indole derivatives.”” By W. B. 
WHALLEY. 

4922. ‘‘ Nucleotides. Part XXVI. The methylation of uridylic acid 6.” By D. M. 
Brown, D. I. MAGRATH, and A. R. Topp. 

4924. ‘‘ Nucleotides. Part XXVII. The structure of adenylic acids a and 6.” By 
D. M. Brown, G. D. FAsMAn, D. I. MAGRATH, and A. R. Topp. 

4931. ‘‘ The synthesis of alkylphenanthrenes relevant to the investigations on methyl 
vinhaticoate.”” By F. E. Kine and T. J. KING. 

4932. ‘‘ The chemistry of extractives from hardwoods. Part XVI. Coumarin consti- 
tuents of Fagara macrophylla, Zanthoxylum flavum, and Chloroxylon swietenta.” By 
F, E. Kine, J. R. Houstey, and T. J. Kine. 

4933. ‘‘ The chemistry of extractives from hardwoods. Part XVII. The occurrence of 
a flavan-3 : 4-diol (melacacidin) in Acacia melanoxylon.”’ By F. E. Kine and W. 
BOTTOMLEY. 

4934. ‘‘ The thermal decomposition of guanidine perchlorate. Part III. Catalysts and 
time-lag before ignition.’”” By ABRAHAM GLASNER and ABRAHAM MAKOVKkY. 

4941. ‘‘ Tetrazolium compounds. Part II. Azo-derivatives.’’ By D. D. Lipman, A. W. 
NINEHAM, and R. SLACK. 

4943. “ The cis- and trans-2-benzylceyclohexanols. The reduction of 2-benzylidene- and 
2-benzyl-cyclohexanones.’’ By PETER B. RUSSELL. 

4944. “Fatty acids. Part II. The nature of the oxygenated acid present in Vernonia 
anthelmintica (Willd.) seed oil.”” By F. D. GUNSTONE. 

4945. ‘Some thermodynamic properties of compounds of the formula MX,. Part II. 
Tetra-alkyl compounds.”” By L. A. K. STAVELEY, J. B. WARREN, H. P. PAGET, and 
D. J. DowricK. 

5009. ‘‘ The Friedel-Crafts reaction in the carbazole series. Part IV. Phenylacetyl 
compounds.”” By D. A. KINsLey and S. G. P. PLANT. 

5010. ‘‘ Triterpene acids from the leaves of Psidium guaijava, L.”” By H. R. ARTHUR 
and (Miss) W. H. Hut. 

5OLL. “ 21-Hydroxy-16«-methoxypregn-4-ene-3 : 20-dione."’ By GEORGE COOLEY, 
BERNARD ELLIs, and VLADIMIR PETROW. 

5012. ‘‘ Hydroxypyridine and hydroxyquinoline phosphates as anticholinesterases."’ By 
K. J. M. ANDREws, F. R. ATHERTON, F. BERGEL, and A. L. MORRISON. 

5015. ‘‘ The periodate oxidation of methylfructoses.’’ By W. E. A. MITCHELL and 
ELIZABETH PERCIVAL. 

5016. ‘‘ Some derivatives of 2-phenylindane.”” By P. C. JOCELYN. 

5020. “1: 2:3: 4-Tetrahydro-6-hydroxy-7-methylcarbazole and 3-hydroxy-2-methyl- 
carbazole.”’ By Jose A. Cummins, B. F. Kaye, and MuRIEL L. TOMLINSON. 

5022. ‘‘ The heats of formation of phosphorus trichloride, sulphuryl! chloride, and thionyl 
chloride.”” By E. NEALE and L. T. D. WILLIAMs. 
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5023. ‘‘ The halogenation of phenolic ethers and anilides. Part XVI. Kinetics of the 
chlorination of ethers of the diphenylyl and naphthyl series.’”” By BRYNMOR JONES 
and J. P. SLEIGHT. 

5025. ‘‘ Studies in the hydrolysis and alcoholysis of some organic nitrites.” By A. D. 
ALLEN. 

5026. ‘‘ The decomposition of silver oxalate.” By A. Fincu, P. W. M. Jacoss, and F, C. 
TOMPKINS. 

5027. ‘‘ Tetrazolium compounds. Part III. Styryl derivatives.”” By A. W. NINEHAM, 
D. L. Pain, and R. SLACK. 

5028. ‘The nature of inorganic chromatography on cellulose columns.’’ By D. E. 
CHALKLEY and R. J. P. WILLIAMS. 

5029. “‘ Synthesis of plant-growth regulators. Part III. Some M-2-naphthyloxyalkane- 
carboxylic acids.”” By (Mrs.) P. M. Pope-and D. Woopcock. 

5030. “‘ The isolation of oligosaccharides from gums and mucilages. Part II.’’ By P. 
ANDREWS and J. K. N. JONEs. 

5032. ‘‘ Neokestose: A trisaccharide formed from sucrose by yeast invertase.’’ By D. 
Gross, P. H. BLANCHARD, and D. J. BELL. 

5034. “ The oxidation of phenylhydrazones. Part III.” By B. M. Lyncu and K. H. 
PAUSACKER. 

5037. ‘‘ Temperature and the optical-rotatory power of solutions. 9: 10-Dihydro- 
3: 4-5 : 6-dibenzophenanthrene.”” By M. K. HARGREAVES. 

5038. ‘‘12-Oxygenated pregnane derivatives. Part I. (a) 2l-Acetoxy-12a : 17«-di- 
hydroxypregn-4-ene-3 : 20-dione, (5) 12 : 21-diacetoxy-17«-hydroxypregn-4-ene-3 : 20- 
dione, (c) 3a: 12« : 21-triacetoxy-17«-hydroxypregnan-20-one, and (d) miscellaneous 
observations.” By (Mrs.) W. J. ApAms, D. K. PATEL, V. PETRow, and (Mrs.) I. A. 
STUART-WEBB. 

5040.“ Preparation and reactions of diphenylene.”” By WILSON BAKER, (Miss) M. P. V. 
BOARLAND, and J. F. W. McOmie. 

5041. “Acrylonitrile in organic syntheses. Part I. Synthesis of 3a: 4:5: 6-tetra- 
hydroperinaphthane-3a-carboxylic acid.’’ By A. D. CAMPBELL. 

5043. ‘The condensation of epichlorohydrin with monohydric phenols and with 
catechol.”” By O. STEPHENSON. 

5045. “ Acylation and allied reactions catalysed by strong acids. Part XII. The allyl 
and some related cations.”” By H. Burton and D. A. MunpDay. 

5046. “Structural studies of the cellulose synthesised by Acetobacter acetigenum.” By 
K. S. Barciay, E. J. Bourne, M. Stacey, and M. WEBB. 

5047. ‘The constitution of a wheat-straw xylan.” By G. O. AspinaALL and R. S. 
MAHOMED. 

5048. ‘‘ Hemicellulose A of beechwood (Fagus sylvatica).” By G. O. ASPINALL, E. L. 
Hirst, and R. S. MAHOMED. 

5054. ‘The degradation of carbohydrates by alkali. Part IV. 1-O-Methylfructose, 
glucose, and fructose.”’ By J. KENNER and G. N. RICHARDS. 

5055. “‘ The degradation of carbohydrates by alkali. Part V. Lactulose, maltose, and 
maltulose.”” By W. M. CorBett and J. KENNER. 

5057. ‘‘ Steroidal alkaloids. Part II. Some observations on the constitution of cevine.”’ 
By D. H. R. Barton, C. J. W. Brooks, and J. S. FAWCETT. 

5058. “‘ Reduction of acids to aldehydes with formic acid.” By ALLEN J. BARDUHN and 
KENNETH A. KoBE. 

5074. ‘Intramolecular acylation. Part II. The ring closure of some (-substituted 
6-1-naphthylpropionic acids.” By M. F. ANSELL and A. M. BERMAN, 
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ADDITIONS TO 


I. Donations 
A. Books. 


AMERICAN CHEMICAL SOCIETY. Chemical 
nomenclature. Washington, D.C. 1953. pp. 
v +112. (Advances in Chemistry Series, 
No. 8.) (Reference.) A.C.S. $2.50. 

From Dr. R. S. Cahn. 

PALMER, WILLIAM GEORGE.  Experi- 
mental inorganic chemistry. London 1953. 
pp. xx + 578. ill. 50s. (Recd. 18/2/54.) 

From the Publishers : 
Cambridge University Press. 

SHELL CHEMICAL CORPORATION. Methyl 
ethyl ketone. 2nd edition. New York 1950. 
pp. xi+ 129. ill. The Corporation. (Recd. 
] /2/54.) 

From Shell Chemicals, Ltd. (Distributors). 

WILBORN, FELIX. Editor. Physikalische 
und technologische Priifverfahren fiir Lacke 
und ihre Rohstoffe. 2 vols. Stuttgart 1953. 
pp. xi; vii + 834. ill, DM. 165. (Recd. 
27/1/54.) From the Publishers : 

Berliner Union Stuttgart. 


B. Pamphlets. 


MEDICAL RESEARCH COUNCIL. Special 


Report Series, No. 280. Vitamin C require- 


ment of human adults. A report of the Vita- 
min C Subcommittee of the Accessory Food 
Factors Committee. London 1953. pp. viii 4 
179. ill. 

STOBBE, HANS. Phototropieerscheinungen. 
(From Ber. sachs. Ges. (Akad.) Wiss., Math.- 
phys. Kl., 1922, 74.) ill. 

U.S. Department of Commerce. National 
Bureau of Standards. Circular 541. A spectro- 
photometric atlas of the 2&*—*II transition of 
OH. Washington, D.C. 1953. pp. ii + 22. 
ill. 

— - — Handbook 53. Recommend- 
ations for the disposal of carbon-14 wastes. 
Washington, D.C. 1953. pp. vi + 14. 


II. By Purchase 


BENTLEY, KENNETH WALTER. 
chemistry of the morphine alkaloids. 
1954. pp. xx + 433. ill. Clarendon 
50s. (Recd. 25/2/54.) 

BICKNELL, FRANKLIN, 
FREDERICK. The vitamins in medicine. 
edition. London 1953. pp. vii + 784. 
Heinemann. 70s. (Recd. 18/2/54.) 

Birks, JOHN BATTELEY. Scintillation 
counters. London 1953. pp. vii + 148. ill. 
Pergamon Pr. 21s. (Recd. 18/2/54.) 


The 
Oxford 
Pr. 


and PRESCOTT, 
3rd 
ill. 


THE LIBRARY 


BRITISH VETERINARY CODEX 1953. Pub- 
lished by the direction of the Council of the 
Pharmaceutical Society of Great Britain. 
London 1953. pp. xxiii + 737. (Reference.) 
Pharm. Pr. 465s. 

CHATT, EILEEN M. Cocoa; cultivation, 
processing, analysis. New York 1953. pp. 
xiv + 302. ill. Interscience. 58s. (Recd. 
18/2/54.) 

C1BA FOUNDATION. Symposia. The chemi- 
cal structure of proteins. London 1953. pp. 
xii + 222. ill. Churchill. 265s. (Recd. 
27/1/54.) 

CONNECTICUT AGRICULTURAL 
MENT STATION. Bulletin 569. Chemical 
investigations of the tobacco plant. IX. The 
effect of curing and of fermentation on the 
composition of the leaves. By HuBERT Brap- 
FORD VICKERY and ALFRED N. MEiss. New 
Haven 1953. pp. 125. ill. (Recd. 1/2/54.) 

CoTTRELL, A. H. Dislocations and plastic 
flow in crystals. Oxford 1953. pp. ix + 223. 
ill. Clarendon Pr. 25s. (Recd. 18/2/54.) 

Dopp, ROBERT EDWARD, and ROBINSON, 
Percy Lucock. Experimental inorganic 
chemistry; a guide to laboratory practice. 
Amsterdam 1954. pp. xii + 424. ill. Else- 
vier. 42s. (Recd. 18/2/54.) 

ERGEBNISSE DER EXAKTEN 
WISSENSCHAFTEN. Vol 27; ete.. 
1953+ (Reference.) Springer. 

FoGG, GORDON ELLIOTT. The meta- 
bolism of algae. London 1953. pp. ix + 149. 
ill. (Methuen’s Monographs on Biological 
Subjects.) Methuen. 8s. 6d. (Recd. 18/2/54.) 

GILLAM, ALBERT EDWARD, and STERN, 
EDWARD SEVERIN. An _ introduction to 
electronic absorption spectroscopy in organic 
chemistry. London 1954. pp. viii + 283. 
ill. Arnold. 40s. (Recd. 18/2/54.) 

GOLDMAN, FREDERICK H., and JAcoBs, 
Morris B. Chemical methods in industrial 
hygiene. New York 1953. pp. ix + 274. 
ill. Interscience. $3.75. (Recd. 18/2/54.) 

GoopGER, E. M. Petroleum and perform- 
ance in internal-combustion engineering. 
London 1953. pp. xii + 295. ill. Butter- 
worths. 32s. 6d. (Recd. 18/2/54.) 

GoRDY, WALTER, SMITH, WILLIAM V., 
and TRAMBARULO, RALPH F. Microwave 
spectroscopy. New York 1953. pp. xii + 446. 
ill. Wiley. $7.50. (Recd. 24/2/54.) 

GRAY, ALLEN G. Modern electroplating. 
New York 1953. pp. xii + 563. ill. Wiley. 
$8.50. . (Recd. 18/2/54.) 

GRAY, CHARLES HORACE. 
cal pathology. London 1953. 
ill. Arnold. 10s. 6d. 


EXPERI- 


NATUR- 
Berlin 


Clinical chemi- 


pp. v + 138. 
(Recd. 18/2/54.) 


HERMANS, J. J. Editor. Flow properties 
of disperse systems. Amsterdam 1953. pp. 
xi + 445. ill. (Deformation and Flow. 
Vol. 5.) North Holland Pub. Co. 70s. (Recd. 
18/2/54.) 

HILL, ROWLAND. 
synthetic polymers. 
xv + 554. ill. 
18/2/54.) 

Hortcukiss, A. G., and WEBBER, H. M. 
atmospheres. New York 1953. 
341. ill. Wiley. 56s. (Recd. 


Fibres from 
1953. pp. 
(Recd. 


Editor. 
Amsterdam 
Elsevier. 80s. 


Protective 
Pp: Vill 
18/2/54.) 

Howes, F.N. 
London 1953 
worths. 35s 

KIEFFER, 
tereisen und 
x + 556. ill 
24/2/54 

KirK, PAuLt L. Crime 
physical evidence and the police laboratory. 
New York 1953. pp. xxii 784. ill. Inter- 
science $10. (Recd. 18/2/54.) 

LiBBy, WILLARD F. Radiocarbon dating. 
1952. pp. vii 124. ill. Univ. 
Chicago Pr. $3.50. (Iecd. 18/2/54.) 

MITCHELL, JOHN, jun. fand_ others]. 
Editor Organic analysis. Vol. 1. New 
York 1953. pp. viii + 472. ill. Interscience. 
$8.50 Recd. 18/2/54.) 

OPTICAI SOCIETY OF AMERICA. 
mittee on Colorvimetry. The science of color. 
New York 1953. pp. xiii 385. ill. Crowell. 
$7. (Recd. 18/2/54.) 

OsRAM-GESELLSCHAFT. 
schaftliche Abhandlungen. 
lin 1953+. (Reference.) Springer. 

PIERRE, W. H., and Norman, A. G. 
Editor Soil and fertilizer phosphorus in 
crop nutrition. New York 1953. pp. xvi + 
192. ill (Agronomy. Vol. 4.) Academic 
Pr $9 (Recd. 18/2/54.) 

RANDALL, JOHN TURTON, and JACKSON, 
SYLVIA FITTON. Editors. Nature and struc- 
ture of collagen. London 1953. pp. ix + 269. 
ill. Butterworths. 42s. (Recd. 18/2/54.) 

READ, W. T., JUN. Dislocations in crystals. 
New York 1953. pp. xvii 228. ill. 
McGraw-Hill. $5. (Recd. 24/2/54.) 


Vegetable tanning materials. 
pp. xi+ 325. ill. Butter- 
(Recd. 18/2/54.) 

RICHARD fand others].  Sin- 
Sinterstahl. Wien 1948. pp. 
Springer. DM. 54. (Recd. 


investigation ; 


Chicago 


Com- 


Technisch-wissen- 
Vol. 6, etc. Ber- 


Antibiotics. 
Pitman. 


ROBINSON, FRANK ARNOLD. 
London 1953. pp. viii + 132. 
(Recd. 18/2/54.) 

Rossini, FREDERICK D., Marr, BEVER- 
IDGE, J., and STREIFF, ANTON J. Hydro- 
carbons from petroleum. New York 1953. 
pp. xvi+ 556. ill. Reinhold. $18.50. 
(Recd. 16/2/54.) 

TULLIS, JAMES L. Blood cells and plasma 
proteins, their state in nature. New York 
1953. pp. xxi-+ 436. ill. Academic Pr. 
$8.50. (Recd. 24/2/54.) 

UNDERKOFLER, LELAND A., and HICKEY, 
RICHARD J. Editorys. Industrial ferment- 
ations. Vol. 1. New York 1954. pp. ix 
565. Publishing Co. $12. 


15s. 


ill. Chemical 
(Recd. 16/2/54.) 

U.S. Atomic Energy Commission. TID- 
5098. A conference on the use of isotopes in 
plant and animal research. Sponsored by 
KANSAS STATE COLLEGE, ARGONNE NATIONAL 
LABORATORY, and Isotope Division, USAEC. 
Held 1952. Washington, D.C. 1953. 
pp. iv + 272. ill, U.S. Govmt. Ptg. Office. 
$1.25. (Recd. 16/2/54.) 

National Research Council. Chemical- 
Biological Coordination Center. The bacterio- 
static activity of 3,500 organic compounds for 
myobacterium tuberculosis var. hominis. By 
Guy P. YOuMANS, LEONARD DousB, and ANNE 
S. Youmans. Washington, D.C. 1953. pp. 
v + 713. (Chemical-Biological Coordination 
Center Review No. 4.) (Reference.) Nat. Kes. 
Council. $5. 

—— Public Health 
compounds’ which been tested for 
carcinogenic activity. 2nd _ edition. By 
JoNnaTHAN L. HARTWELL. Washington, D.C. 
1951. pp. [ii 583. (Reference.) U.S 
Govmt. Ptg. Office. $4.25. 

VAN NOSTRAND CHEMIST’S DICTIONARY. 
Edited by JuRGEN M. Honic [and others}. 
London 1954. pp. iv + 760. (Reference.) 
Macmillan.: 60s. 

WAGNER, CARL. 
alloys. Translated by 
and J. H. WESTBROOK. 
1952. pp. vill IGE. aii. 
Pr. $6.50. (Recd. 16/2/54.) 


Survey of 


Service. 
have 


Thermodynamics of 


SVANTE MELLGREN 
Cambridge, Mass 
Addison-Wesley 


LOCAL 
Aberdeen. 


Australia. 
Birmingham. 
Bristol. 
Cambridge. 
Canada. 
Ceylon. 
Edinburgh. 
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Glasgow. 


Hull. 
India. 


Trish Republic. 
Leeds. 
Liverpool. 
Manchester. 
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Durham. 

New Zealand. 
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Nottingham. 

Oxford. 

Pakistan. 
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Sheffield. 
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South Wales. 


REPRESENTATIVES OF THE CHEMICAL SOCIETY 
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SCIENTIFIC MEETINGS DURING JUNE, 1954 


LONDON. 
Thursday, June 3rd, 1954, at 7.30 p.m. 


Hudson Memorial Lecture by Professor E. L. Hirst, M.A., D.Sc., F.R.S. To be 
given in the Rooms of the Society, Burlington House, W.1. 


OFFICIAL ANNOUNCEMENTS 
DEATHS, 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died. 
June 2nd, 1949. Oct. 2nd, 1953. 
Dec. Ist, 1898. March 2lst, 1954. 
Dec. Ist, 1910. Feb. 20th, 1954. 


Antonio Angeletti (Torino) 

Marston Taylor Bogert (New York) 

Stewart McGregor Bosworth (Nuneaton) 

Harold Govett Coleman (New Malden) 
1912—15) 

Edward Mortimer Crowther (Harpenden) 

Walter Scott Hughes (California) 

Pierre Jolibois (Paris) 

George Lewi (W. 1) 

Cresacre George Moor (Bodmin) 

Alfred Holley Munday (S.E.18) 

Thomas Arthur Nightscales (Preston) 

Lady Gertrude Maud Robinson (Oxford) 

Harold Fay Fleetwood Varley (Broadstairs) ... 

William Wood (New South Wales) 


Feb. 20th, 1954. 
March 17th, 1954. 
Dec. 6th, 1953. 
Feb. 18th, 1954. 
June, 1953. 
Feb. 8th, 1954. 
July 5th, 1951. 
Feb. 18th, 1954. 
March Ist, 1954. 
Feb. 10th, 1954. 
Dec. 1953. 


March 17th, 1887. 
Dec. 3rd, 1925. 
June 6th, 1935. 
May 12th, 1949. 
Sept. 17th, 1942. 
May 5th, 1892. 
Feb. 19th, 1902. 
c. Ist, 1898. 
. 18th, 1932. 
>. 5th, 1901. 
May 4th, 1911. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows 
who were elected to the Fellowship of the Royal Society on March 18th, 1954 : 


Derek Harold Richard Barton (London). 
Ernest Gordon Cox (Leeds). 

Frederick Ernest King (Nottingham). 

Mrs. Rosalind Venetia Pitt-Rivers (U.S.A.). 
William Alexander Waters (Oxford). 


ELECTION OF NEW FELLOWS. 
The following 107 candidates were elected Fellows of the Society on March 25th, 1954 : 
Brian Phillip Griffin. 
David Roland Griffiths. 
Jacob Grossman. 
Thurman Thomas Grossnickle. 
Brian Maurice William Guy. 
Ralph Martin Sykes Hall. 
Robert E. Handschumacher. 
Henry Bernard Hawley. 
Percy George Holton. 
Ralph Howe. 
Fazal Hussain. 
Neil Stewart Isaacs. 
Albert George Jacklin. 
Gareth Jenkin James. 
Vivian Hector Thomas James. 
Donald Benjamin George Jaquiss. 


Ronald Graham Agutter. 
Philip James Ashworth. 
Dennis Edward George Austin. 
Herman Stanton Bachelard. 
Ian Robert Beattie. 

Khurshed Erachsha Bharucha. 
Robert Binks. 

Charles James Louis Booker. 
Roger Brettle. 

Douglas Maxwell Bryce. 
Kenneth Bullock. 

Kenneth Nielsen Campbell. 
Howard Sheppard Carter. 
Bhola Nath Chakravarti. 
Amar Kumar Chatterjee. 
Terence Colclough. 


Edward Ritchie Cole. 

Stuart Collings. 

Michael Charles William Cottrill, 
Mary Davey. 

Gwyn Lewis Davies. 

Eric Arthur Duligal. 

Oliver Edward Edwards. 
Stanley Calvin Elliston. 
Fabian Tien-Hwa Fang. 
Harold Finegold. 

Albert Fournier. 

Malcolm John Frazer. 

Michael Francis Gardner. 
George Maurice Albert Gray. 
Margaret Anne Sumner Green. 


Henry Austen Jenkins, 
Charles Henry Johns. 
Stephen Claude Jolly. 
Francis Lloyd Jones. 
Harold John Jones. 
Arthur Katchman. 
Francis Addo Kufuor. 
Giuseppe Leandri. 
Melvin Look. 

Neal Lindsay McNiven. 
Eric Russell March. 
Dennis Marshall. 
Finley D. Marshall. 
Munetoshi Matsui. 
William Jackson Meikle. 


Peter Dietrich Meister. Joseph H. Schneider. 
Quintino Mingoia. Gene Schroll. 

EK. David Morgan. Ira L. Seldin. 

Thomas Mottershead. Darrell Shafferman. 
Pratul Chandra Mukharji. Wilfred Eric Sharples. 
John Norman Murrell. Robertson Ernest Snell. 
Arnold Thor Nielsen. Leonard Spialter. 
Anthony Raymond Osborn. John Stuart Stephenson, 
Roger Harry Pain. Gilbert Stork. 

Phillip Harold Parker, jun. Michael Szware. 

James Douglas Parrack. Giles Aldred Taylor. 
Margaret Anne Parsons. Thomas Albert Turney. 
Brian William Peugilly. John Gordon Lionel Wall. 
Albert I. Rachlin. Derek Watson. 

Miles John Revett. Lily Weidenfeld. 

David Hugh Richards. Boris Weinstein. 
Thomas Arthur Richards. Emil Henry White. 
James Arthur Richardson. Julius Willenz. 

Ernest W. Robb. William David Wood. 
Miguel A. Romero. John Ery Wyman. 
Max Rottenberg. Desborough Yesberg. 
David Quentin Russell-Hill. Ching Yuan. 

Gordon Campbell Sayer. 


ELECTIONS TO COUNCIL 1954—1955. 


At the Annual General Meeting held on April 2nd, 1954, the following were announced 
as having been elected to vacancies on the Council for 1954—1955. 


President 
PROFESSOR W. WARDLAW 


Vice-Presidents who have not filled the Office of President 


PROFESSOR E. R. H. JONES 
PROFESSOR R. P. LINSTEAD 
PROFESSOR H. W. MELVILLE 


Treasurer 
Mr. M. W. PERRIN 
Elected Ordinary Members of Council : 
Constituency I (South-East England) 


Dr. E. A. Braude 
Dr. H. M. N. H. Irving 


Constituency II (Central and South-West England and South Wales) 
Dr. E. J. BOURNE 
PROFESSOR H. D. SPRINGALL 
Constituency III (North-West England, North Wales, and The Isle of Man) 
PROFESSOR H. N. RyDON 


Constituency IV (North-East England) 
Dr. C. C. ADDISON 


Constituency V (Scotland) 
PROFESSOR J. M. ROBERTSON 


Constituency VI (Ireland) 
Dr. V. C. BARRY 
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HONORARY FELLOWS. 
The following have been nominated by the Council as Honorary Fellows of the Society : 


Professor V. du Vigneaud (U.S.A.). 
Professor J. Christiansen (Denmark). 


Those wishing to lodge objection to the election of these should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for April, 
1954. 

ROYAL SOCIETY OF ARTS. 


An Address of Congratulation was presented to the Royal Society of Arts, which 
celebrated its Bicentenary on March 22nd, 1954. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held in the Chemistry Lecture Theatre, The University, Sheffield, on Thursday, March 4th, 
1954, at 7.30 p.m. 


Professor J. M. Whittaker, D.Sc., F.R.S., Vice-Chancellor of the University of Sheffield, 
extended a warm welcome to the Society and the President, PRoFEssor C. K. INGoLp, D.Sc., 
F.R.S., who was in the Chair, replied on behalf of the Society. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society : A. S. C. Lawrence, D. T. Elmore, 
P. L. Pauson, W. W. Walsh, B. F. Hallam, K. Jewers, J. McKenna, M. J. G. Williams, 


R. A. Smith, H. J. V. Tyrrell, C. J. Cochrane, P. A. H. Wyatt, G. W. Fenton, D. M. 
Langbridge, P. A. Toseland, B. C. Barrass, J. Grimshaw, G. Brieux. 


LECTURE. 

The President delivered a Lecture entitled ‘‘ Organic Reactions of Nitrous Acid.”” At 
the conclusion of the lecture, Professor R. D. Haworth proposed a vote of thanks to the 
President which was carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on Thursday, March 25th, 1954, at 7.30 p.m. 


The President, Proressor C. K. INGotp, D.Sc., F.R.S., was in the Chair. 


MINUTES. 

lhe Minutes of the Scientific Meetings held at Burlington House and at the University 
of Sheffield on February 18th and March 4th, respectively, were read, and were confirmed 
and signed. 


FORMAL ADMISSION OF FELLOWS, 

The following were admitted Fellows of the Society: J. S. Taylor, B. T. H. Mattinson, 
J. E. Le Surf, D. A. Barr, G. F. Liptrot, R. C. Paul, E. J. P. Fear, F. Nyman, H. R. J. 
Waddington, G. G. Ayerst, M. R. Pettit, D. G. Smith, A. J. Duke, J. Lassman, F. W. 
Bennett, D. W. A. Sharp, I. S. Fox, D. Medcalf, D. M. Wells, S. S. Nigam, B. R. R. Butler, 
A. R. Martin, A. R. Powell. 
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LIVERSIDGE LECTURE. 
After a brief introduction the President called upon Professor H. J. Emeléus, D.Sc., 
F.R.S., to deliver the Liversidge Lecture entitled ‘‘ Organometallic Compounds containing 


Fluorocarbon Radicals.” 
A discussion followed, and a vote of thanks to Professor Emeléus, proposed by Professor 


M. Stacey, was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for April, 1954. Such objection will be 
treated as conjidential. The forms of application are available in the Library). 


*Alner, Henry Giveen Hamilton, A.R.I.C. British. 8 Wayside, East Sheen, London, S.W.14. Food 
Chemist with Messrs. J. Lyons and Co., Ltd. Signed by: L. H. Lampitt, E. B. Hughes, N. D. 
Sylvester. 

Amin, El-Sayed, M.Sc. and Ph.D. (Alexandria). Egyptian. Chemistry Department, Faculty of Science, 
Alexandria University, Alexandria, Egypt. Lecturer at Alexandria University. Signed by: 
G. Soliman, N. Fakhoury, Y. Iskander. 

Andrews, Frederick William. British. Wimblehurst, Hartswood Road, Brentwood, Essex. Works 
Superintendent. Signed by: R. L. Blackmore, B. D. Sully, J. A. Dean. 

Asselineau, Jean, D.Sc. (Paris). French. Institut de Biologie physico-chimique, 13, rue Pierre Curie, 
Paris 5°, France. Head of National Research Centre. Signed by: G. Litwack, G. Tener, E. 
Lederer. 

Assony, Steven James, B.Sc. (Rutgers), M.Sc. (S. Calif.). American. 4406 N. Johanna Avenue, Long 
Beach 8, California, U.S.A. Student at University of Southern California. Signed by: D. R. Hogg, 
J. A. Berson, N. Kharasch. 

*Atkins, Victor Michael. British. 23 Standard Avenue, Fletchamstead, Coventry. Student. Signed 
by: K. J. Ivin, E. Rothstein, E. Collinson. 

Baldwin, Sidney, A.B. (Cornell), M.S. (Maryland), Ph.D. (Illinois). American. 21004 Wayne Aveuue, 
Dayton 10, Ohio. Research Chemist, United States Air Force. Signed by: H. Steinberg, B. K. 
Morse, H. Rosenberg. 

*Bannister, Eric. British. 35 Belmont Road, Parkstone, Dorset. Student. Signed by: N. B. 
Chapman, R. E. Parker, D. J. Morrill. 

*Barker, Arthur, B.Sc. (Lond.), A.R.I.C. British. W. D.C. Hostel, Holm Park, Bishopton, Renfrew- 
shire. Development Chemist, Ministry of Supply, Bishopton. Signed by: B. Jones, G. W. Gray, 
C. C. Barker. 

*Barton, John Warner, B.Sc. (Bris.). British. 5 Frederick Place, Clifton, Bristol, 8. Research 
Student at Bristol University. Signed by: F.H. Pollard, W. Baker, J. F. W. McOmie. 

*Bell, Albert Gordon, B.A. (T.C.D.). British. H.M.S. Ganges, Shotley Gate, Nr. Ipswich, Suffolk. 
Naval Officer. Sgined by: J.C. P. Schwarz, E. A. Bell, V. C. Barry. 

*Bell, Colin Leonard Malcolm. British. 60 Ockley Road, Bognor Regis, Sussex. Chemistry Student 
at Lincoln College, Oxford. Signed by: H. Irving, S. G. P. Plant, R. E. Richards. 

Binns, Vincent, M.Sc.Tech. (Manc.), F.R.I.C. British. Research Department, Area Chemical Labor- 
atory, British Railways, B.T.C., Liverpool Street, Crewe. Area Chemist. Signed by: F. Fancutt, 
G. H. Wyatt, E. A. Morris. 

*Blackburn, Alan, B.Sc. (Lond.), A.R.I.C. British. 26 Ormerod Road, Priory Road, Hull, E. Yorks. 
Research Student at Hull University College. Signed by: J. J. Kipling, B. Jones, R. R. Baldwin. 

Boyland, Eric, Ph.D. (Lond.), D.Sc. (Manc.). British. Chester Beatty Research Institute, Royal 
Cancer Hospital, Fulham Road, London, S.W.3. Professor of Biochemistry. Signed by: F. Bergel, 
P. Sims, D. Manson. 

*Braddy, Donald George. British. 22 Brewster Road, Leyton, London, E.10. Student. Signed by: 
M. A. Crook, R. F. Garwood, M. F. Ansell. 

*Brock, Peter William. British. 13 Kingsley Road, Mutley, Plymouth, Devon. Undergraduate at 
Brasenose College, Oxford. Signed by: H. Irving, J. A. Barltrop, J. C. Smith. 

*Brunskill, John Sidney Almond, B.A. (Oxon.). British. 17 Stevenson Crescent, Parkstone, Dorset. 
Research Student. Signed by: H. Irving, D. J. Voaden, H. E. Strauss. 

*Burlant, William J., B.S. (New York), M.A. (Brooklyn). American. 669 E. 5 Street, Brooklyn 18, 
N.Y., U.S.A. Student at Polytechnic Institute of Brooklyn. Signed by: E. I. Becker, F. M. 
Beringer, R. L. Kronenthal, M. Idelson. 

*Busby, Reginald Edgar, B.Sc. (Nott.), A.R.I.C. British. 46 Cippenham Lane, Slough, Bucks. Assist- 
ant at Slough College of Further Education. Signed by: H. L. Long, B. W. V. Hawes, D. R. Tucker. 

*Cain, Bruce Frank, M.Sc. (N.Z.), A.N.Z.1.C. New Zealand. Chemistry Department, Auckland 
University College, Box 2553, Auckland C.1., New Zealand. Research Student. Signed by: 
F. J. Llewellyn, L. H. Briggs, T. J. Kucera 
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Uastells, José Guardiola, D.Sc. (Madrid). Spanish. Donner House, Oak Drive, Fallowfield, Manchester, 
i4. Research Assistant at University of Manchester. Signed by: G. R. Barker, P. Bladon, 
K. R. Farrar. 

Cavell, Edmund Arthur Smith, B.Sc. and Ph.D. (Lond.). British. 751 Portswood Road, Southampton. 
Lecturer at University of Southampton. Signed by: N. B. Chapman, K. R. Webb, I. G. M. 
Campbell 

*Chambers, Arthur Stanley. British. 116 Coulston Road, Bowerham, Lancaster. Chemist at Messrs. 
Lansil Ltd., Lancaster. Signed by: R. E. Bache, A. N. Edmondson, J. H. Dawson. 

*Charnock, James Leonard. British. 42 Jefferson Street, Liverpool 5. Chemist, N.W. Gas Board. 
Signed by: H. Bradbury, L. G. Townsend, C. B. F. Rice. 

Clark, Frederick William, B.Sc. (Lond.). British. c/o Furzedown, Frost Lane, Hythe, Southampton. 
Chemist at Esso Petroleum Co., Ltd. Fawley, Hants. Signed by: N. B. Chapman, D. J. Morrill, 
B Capon. 

*Clayton, Joan Mary, B.Sc. (Lond.). British. 2 Field House, St. Georges Place, York. Research 
Student. Signed by: G. Williams, T. G. Bonner, K. Singer. 

*Cleaver, Denis. British. 21 Courthill Street, Webb Lane, Stockport, Cheshire. Student at Leeds 
University. Signed by: K. J. Ivin, E. Rothstein, E. Collinson. 

*Cocker, John Derek, B.Sc. (Lond.). British. 11 Highfield Road, Cheadle Hulme, Cheshire. Research 
Chemistry at University of Manchester. Signed by: P.C. Phillips, G. R. Barker, J. M. Thompson. 

Colwill, Derek James, B.Sc. (Dunelm). British. 32 Necton Road, Wheathampstead, Herts. Develop- 
ment Chemist. Signed by: G. R. Clemo, G. A, Swan, R. Raper. 

*Coskery, Peter, B.Sc. (0.U.B.). British. 8 College Avenue, Bangor, Co. Down. Chemist at Eaton and 
Co., Ardglass, Co. Down. Signed by: E. F. Eaton, R. G. R. Bacon, A. R. Pinder. 

Cramer, Friedrich D., Dr. (Heidelberg). German. University Chemical Laboratory, Pembroke Street, 
Cambridge Research Scholar. Signed by: G. W. Kenner, D. M. Brown, R. Webb. 

Cuthbert, Thomas Joseph Leonard, B.Sc. Tech. (Manc.) A.M.C.T. British. 518 Manchester Road, 
Sheffield 10. Chief Chemist, Batchelors Peas, Ltd., Sheffield. Signed by: A. J. Goodall, E. D. 
Harris, G. Horner. 

Davison, George Harley. British. The United Steel Companies, Ltd., Research and Development Dept., 
Swinden Labs., Moorgate, Rotherham. Secretary of Research and Development Dept., The United 
Steel Companies, Ltd. Signed by: G. E. Speight, H. L. Riley, D. M. Newitt. 

*Day, Arthur Colin. British. Brasenose College, Oxford. Student of Chemistry. Signed by: H. 
Irving, J. A. Barltrop, R. F. Barrow. 

*Dennison, Stanley Richard, B.Sc. (Lond.). British. 38 Elstree Gardens, Edmonton, London, N.9. 
Research Student. Signed by: P. W. Foster, C. A. Vernon, P. B. de la Mare. 

Douglas, Katharine Janvier, B.A. (Newcomb Coll.), M.S. (Tulane). American. Newcomb College, 
Tulane University, New Orleans, 18 Louisiana, U.S.A. Teacher. Signed by: G. S. Hammond, 
J. Tanaka, T. Stevens. 

*Edwards, Raymond Leslie, B.Sc. (Lond.). British. 54 Westerton Road, Tingley, Nr. Wakefield, Yorks. 
Research Student at Bradford Technical College. Signed by: R. Hemming, D. G. Lewis, S. D. 
Holdsworth. 

*Faircloth, Reginald Leonard, B.Sc. (Lond.). British. Building 149, A.E.R.E., Harwell, Nr. Didcot, 
Berks. Scientific Officer at Department of Atomic Energy. Signed by: H. J. M. Bowen, P. J. P. 
Roberts, C. B. Amphlett. 

Falkner, Cecil William, M.Sc. (Lond.), A.R.I.C. British. c/o Linoleum Manufacturing Co. Ltd., 
Staines. Chief Chemist. Signed by: G.G. Pullen, S. H. Bell, R. N. Faulkner. 

*Fisher, Renee, 13.Sc. (Lond.). British. 27 Haslemere Avenue, Hendon, London, N.W.4. Chemical 
Abstractor. Signed by: B. F.M. London, M. H. Barb, R. S. Crespi. 

*Foster, Arthur Brian, B.Sc. (Lond.), A.R.C.S. British. Imperial College Hostel, Prince Consort Road, 
South Kensington, London, S.W.7. Research Student at Imperial College. Signed by: J. A. 
Elvidge, J. L. Taylor, B. W. Baker. 

Foster, Geoffrey Lambsin, B.Sc. (Lond.), Ph.D. (Reading). British. 3 Birdwood Road, Maidenhead, 
Berk Research Chemist at I.C.I. Paints Division. Signed by: R. B. Richards, G. M. Henderson, 
D. V. Arnold. 

*Fox, Alexander Redwood, B.Sc. (Melbourne). Australian. 418 Clarke Street, Northcote N.16, Victoria, 
Australia. Student. Signed by: K.H. Pausacker, C. C. Culvenor, E. F. M. Stephenson 

Franzus, Boris, M.S. (Chicago). American. 2504 Goss Street, Apt.E., Boulder, Colorado, U.S.A 
Student at University of Colorado. Signed by: E. N. Trachtenberg, 5. J. Cristol, J. E. Leffler. 

*Goldschmidt, Jacob Menachem Emil, B.A. (N.Y.). British. c/o S. Medinai, Rechov Sa’adya Gaon 6, 
Rechavia, Jerusalem, Israel. Assistant in the Department of Inorganic and Analytical Chemistry, 
Che Hebrew University, Jerusalem. Signed by: C. Heitner, S. Kertes, A. Glasner. 

*Goode, George Clifford. British. 21 Woodfield Road, Panteg, Pontypool, Mon. Student at University 
College, Swansea. Signed by: K. W. Sykes, R. H. Davies, B. G. Gow nlock. 

*Gore, Peter Manson. British. 187 Knowsley Lane, Huyton, Nr. Liverpool. Student. Signed by: 
B. Jones, R. R. Baldwin, J. J. Kipling. 

*Gregory, Rita Audrey, B.A. (Oxon.). British. 1 Glebe Street, St. Clements, Oxford. Research 
Student at Oxford University. Signed by: H, Irving, J. E. Saxton, A. S. Bailey. 

Halek, George, B.Sc. (Lond.), A.R.I.C. British. 45 Finsbury Park Road, London, N.4. Chemist. 
Signed b R. O. Atkinson, G. E. H. Skrimshire, H. T. Young. 
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Hammond, Alice Hilda. British. 28 St. Peter’s Hill, Caversham, Reading, Berks. Director of Bradley 
and Bliss, Reading. Signed by: G. G. Hammond, A. E. Corker, F. J. Allen. 

*Harker, Raymond Pollard, B.Sc. (Lond.). British. 19 Noster View, Beeston, Leeds, 11. Research 
Chemist at Wool Industries Research Association, Leeds. Signed by: S. Blackburn, F. O. Howitt, 
J. Barritt. 

Heaney, Harry. British. 156 Mudford Road, Yeovil, Somerset. Student at University College of 
North Stafis. Signed by: H. D. Springall, R. C. Cass, G. F. Smith. 

*Hibbin, Barry Charles, B.Sc. (Lond.), A.R.I.C. gritish. 57 Bexley Road, Erith, Kent. Postgraduate 
research chemist. Signed by: E. D. Hughes, C. A. Bunton, J. B. Ley. 

*Hill, Roger Fredric, B.Sc. (Lond.), A.R.I.C. British. 24 Conway Avenue, Quinton, Birmingham, 32. 
Research Chemist at British Industrial Plastics, Oldbury. Signed by: C. P. Vale, R. D. Taylor, 
J. Hofton. 

*Hodges, Richard, M.Se. (N.Z.) British. c/o Lister Institute of Preventive Medicine, Chelsea Bridge 
Road, London, S.W.1. Student. Signed by: G. A. Jamieson, J. G. Buchanan, E. M. Thain. 
Holmes-Walker, William Anthony, Ph.D. (O.U.B.), A.R.I.C. British. 148 Cranmer Court, Sloane 
Avenue, London, S.W.3. Salter’s Institute Research Fellow. Signed by: D. M. Newitt, K. E. 

Weale, J. H. Burgoyne. 

James, Alan Ashley. British. 15 Bridge Street, Kenfig Hill, Nr. Bridgend, Glamorgan. Technical 
Assistant at British Resin Products, Sully, Glam. Signed by: R.N. J. Barraclough. E. M. Evans, 
J. J. Wilson. 

Johnson, Francois Cecil, M.A. (Cantab.), British. Underhill House, Newton Road, Mumbles, Swansea, 
Glamorgan. Lecturer in Biochemistry at University College, Swansea. Signed by : K. W. Sykes, 
C. W. Shoppee, B. G. Gowenlock. 

*Jones, David John. British. 54 Gloucester Road North, Filton, Bristol 7. Student. Signed by: 
F. H. Pollard, T. J. Taylor, T. H. Bevan. 

*Jones, John Pierce. British. The Rectory, Trefnant, Denbigh, N. Wales. Student at University 
College, Swansea. Signed by: K. W. Sykes, D. E. Hoare, R. H. Davies. 

*Jones, Peter, B.A. and B.Sc. (Oxon.). British. Physical Chemistry Laboratories, King’s College, 
University of Durham, Newcastle-on-Tyne. Research Student. Signed by: W. F. K. Wynne- 
Jones, H. R. Thirsk, H. Marsh. 

*Kerr, William Whyte, B.Sc. (Glas.). British. 59 Kintillo Drive, Scotstounhill, Glasgow, W.3. Re- 
search Student at Glasgow University. Signed by: N. Grassie, Donald J. Mathewson, E. Vance. 

Khalifa, Mansour, M.Pharm. (Cairo). Egyptian. 17 Bloomsbury Square, London, W.C.1. Research 
Student. Signed by: D. W. Mathieson, L. K. Sharp, W. H. Linnell. 

Knight, John Frederick Leslie, B.A. (Cantab.), A.R.I.C. British. Wingford Cottage, Benty Heath Lane, 
Willaston-in-Wirral, Cheshire. MetallurgicalChemist. Signed by: T. R. Farnworth, H. Bradbury, 
L. H. W. Hallett. 

*Laming, Michael John. British. ‘‘ Clovelly,” Coronation Avenue, Northwood, Cowes, Isle of Wight. 
Student at University of Southampton. Signed by: N. B. Chapman, K. R. Webb, I. G. M. Campbell. 

*Lawrence, Peter Thomas. British. 62 Cambridge Road, Southampton. Student at University of 
Southampton. Signed by: N. B. Chapman, K. R. Webb, G. W. A. Fowles. 

Learmount, Dennis Norman. British. Birch Cottage, Western Road, Nazeing, Essex. Analytical 
Chemist. Signed by: W.M. Seaber, R. A. Rabnott, P. Edgerton. 

*Lee, John Barry. British. 12 Cowlsmead, Church Lane, Shurdington, Nr. Cheltenham, Glos. Student 
at Cambridge University. Signed by: F. B. Kipping, N. Sheppard, A. G. Maddock. 

Lickman, David Austen, B.Sc. (Lond.). British. Oaklawn, School Road, Hythe, Southampton. Works 
Chemist at Brush Crystal Co., Hythe. Signed by: A. R. Woodford, A. C. Riddiford, K. R. Webb. 

Lindsay, Elizabeth Jeffrey, B.Sc. (Glas.), A.R.I.C. 57 Widmore Lodge Road, Bromley, Kent. Experi- 
mental Officer at Ministry of Supply, London, S.E.9 Signed by: A. H. Holloway, A. S. Nicholson, 
E. W. S. Press. 

*Lowe, Gordon. British. 55 Brookville Road, London, S.W.6. University Student. Signed by: 
R. P. Linstead, E. A. Braude, L. N. Owen. 

*Lubinski, Alexander Tadeusz. Polish. 14 Hillbury Road, London, $.W.17. Student at Northern 
Polytechnic, Islington. Signed by: W. A. Smeaton, J. Hudec, C. G. Smith. 

*Lucy, Jack Albert, B.A. (Oxon.). British. Chester Beatty Research Institute, Fulham Road, London, 
S.W.3. Junior Research Fellow. Signed by: J. A. Stock, J. L. Everett, D. G. Felton. 

McGlashan, Maxwell Len, M.Sc. (N.Z.), Ph.D. (Reading). British. Department of Chemistry, The 
University, Reading, Berks. Lecturer at The University, Reading. Signed by: J. E. Prue, E. A. 
Guggenheim, D. R. Maxted. 

Manley, Thomas Rae, B.Sc. (Glas.). British. 75 Front Street, Newbiggin-by-Sea, Northumberland. 
Research Chemist at A. Reyrolle and Co., Hebburn-on-Tyne. Signed by: H. A. Reilly, H. W. 
Gurney, C. Jackson. 

*Manton, John Ernest. British. 208 High Road, Tottenham, N.15. Student. Signed by: J. F. 
McGhie, S. R. C. Hughes, J. F. J. Dippy. 

*Marchant, Alan, B.A. and B.Sc. (Oxon.). British. Balliol College, Oxford. Research Student. 
Signed by: W. A. Waters, H. Irving, A. M. Roe. 

*Mason, Ronald Frank, B.Sc. and Ph.D. (Lond.). British. 60 Strawberry Vale, Twickenham, Middle- 
sex. On National Service. Signed by: J. Kenyon, M. M. Coombs, F. M. Ebeid. 
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*Matsuguma, Harold Joseph, B.A. (Hawaii), M.S. (Iil.). American. 350a Noyes Laboratory, University 
of Illinois, Urbana, Illinois, U.S.A. Graduate Student. Signed by: D. Y. Curtin, N. W. Kalenda, 
A. S. Hay. 

*Matthews, Richard John Strachan, B.Sc. (Lond.). British. 58 Anne Boleyn’s Wa!k, Cheam, Surrey. 
Research Student. Signed by: C. L. Arcus, J. Kenyon, M. M. Coombs. 

*Minns, Geoffrey John. British. 31 Roseville Avenue, Hounslow, Middlesex. Student at Acton 
Technical College. Signed by: J. H. Skellon, S. C. Bevan, J. W. Spence. 

*Mok, Sau Fun, B.Sc. (Hong Kong). British. Chemistry Department, University of Hong Kong, 
Hong Kong. Demonstrator in Chemistry. Signed by: J. E. Driver, W. H. Hui, H. R. Arthur. 

*Mullin, Douglas, B.Sc. (Lond.). British. Fernlea, Hampole Balk Lane, Skellow, Doncaster. Chemist 
at British Ropes Ltd., Doncaster. Signed by: W. Sowden, W. E. Huddart, K. Burten. 

Narain, Hansford Ivan. British. 33 West Cromwell Road, Kensington, London, S.W.5. Student. 
Signed by: A.M. James, J. F. McGhie, J. F. J. Dippy. 

*Noyes, Nancy Margery. British. 7 Ridgeway Road, Salisbury, Wilts. Student. Signed by: N. B. 
Chapman, G. W. A. Fowles, I. G. M. Campbell. 

Parker, Robert Thomas, B.Sc. and Ph.D. (Lond.), F.R.I.C. British. Aluminium Laboratories, Ltd., 
Southam Road, Banbury, Oxon. Director of Research. Signed by: P. C. L. Thorne, H. J. T. 
Ellingham, W. E. Ballard. 

*Pearson, John Lionel, B.Sc. (Lond.). British. 67 Mildred Avenue, Watford, Herts. Research 
Chemist. Signed by: A. Maccoll, C. A. Bunton, C. K. Ingold. 

Pedersen, Christian, M.Sc. (Copenhagen). Danish. 34 Kensington Garden Square, London, W.2. 
Research Assistant at The Australian National University. Signed by: A. Albert, D. J. Brown, 
C. W. Rees. 

Pegler, John Lionel, B.A. (Oxon.). British. 278 Canford Lane, Westbury-on-Trym, Bristol. Re- 
search Chemist at Imperial Smelting Corp. Ltd. Signed by: F. H. Pollard, C. F. P. Bevington, 
A. K. Barbour. 

*Perkins, John Stuart. British. 90 Norcliffe Road, Norbreck, Blackpool, Lancs. Student at Uni- 
versity of Nottingham. Signed by: C. C. Addison, F. C. Cooper, H. Booth. 

Perks, Fred, B.Sc. (Lond.), Ph.C., A.R.I.C. British. 4 Heaton Road, Gosport, Hants. Lecturer at 
Portsmouth College of Technology. Signed by: C. G. Lyons, C. M. Bere, A. W. Westrup. 

*Phillips, Gordon Victor, A.R.I.C. British. 19 Duke Street, Rhos-y-waen, Chirk, Wrexham, N. Wales. 
Research Chemist. Signed by: J. A. R. Bates, A. M. Spivey, I. Kyle. 

*Pierce, John Hugh, B.Sc. (Swansea). British. 18 Mirador Crescent, Uplands, Swansea, S. Wales. 
Research Student. Signed by: K. W. Sykes, B. G. Gowenlock, C. W. Shoppee. 

*Place, Margaret Alice, B.Sc. (Lond.). British. Elm Lodge, Egham Hill, Egham, Surrey. Post- 
graduate Student. Signed by: G. Williams, A. G. Foster, K. Singer. 

*Polyak, Stephen T., Dipl. Ing. Chem. (Zurich). Czechoslovakian. Siriusstr., 8, Zurich 
Student. Signed by: M. P. V. Boarland, E. Heilbronner, M. R. Falco. 

*Pounder, Alan. British. 133 Winchester Road, Brislington, Bristol 4. Student at University of 
Bristol. Signed by: F. H. Pollard, W. D. Ollis, W. Baker. 

*Puttnam, Norman Arthur. British. 124 Islingword Road, Brighton 7, Sussex. Student. Signed by: 
E. G. Cowley, N. H. Pratt, J. S. Coe. 

*Rack, Barry. British. ‘‘ Club House,’’ Hawthorne Avenue, Waltham Road, Grimsby, Lincs. 
Student. Signed by: W. B. Orr, B. Jones, J. Shorter. 

*Randall, Edward William. British. 11 Walton Well Road, Oxford. Undergraduate. Signed by: 
H. Irving, L. E. Sutton, R. M. Acheson. 

Raphael, Leon, M.Sc. (Liv.), A.R.I.C. British. 3 Manley Road, Sale, Cheshire. Chemist. Signed by: 
kK. W. Richmond, E. L. Burrows, W. E. Huggett. 

*Robinson, Stanley Keith. British. 62 Chessel Avenue, Bitterne, Southampton. Student. Signed by : 
N. B. Chapman, R. E. Parker, R. C. Poller. 

*Sagar, Brian Frederick, B.Sc. (Lond.). British. 32 Farlands Drive, East Didsbury, Manchester 20. 
Research Chemist at Tootal Broadhurst Lee Co. Ltd., Manchester. Signed by: J. L. Bolland, 
F. C. Wood, W. Taylor. 

Saito, Kazuo, D.Sc. (Tokyo). Japanese. c/o Mrs. Brown, 8 Birchwood Avenue, Muswell Hill, London, 
N.10. Ramsay Fellow working at University College, London. Signed by: H. Terrey, E. D. 
Hughes, C. K. Ingold. 

*Samuels, William Paul, jun., M.S. (Lehigh Univ.). American. 1107 West Green Street, Apt. 428, 
Urbana, Illinois. Graduate Student at University of Illinois. Signed by: D. Curtin, G. R. 
Johnston, A. S. Hay. 

*Sandy, Michael John. British. 103 Bridge Road, Woolston, Southampton. Student at Southampton 
University. Signed by: R.C. Poller, N. B. Chapman, G. W. A. Fowles. 

*Sarofim, Adel Fares. Egyptian. Magdalen College, Oxford. Student at Oxford University. Signed 
by: H. Irving, R. M. Acheson, L. E. Sutton. 

*Smit, Jakob van Rouendal, M.Sc. (Stellenbosch). South African. Lincoln College, Oxford. Research 
Student. Signed by: H. Irving, R. E. Richards, R. J. P. Williams. 

*Smith, Neville Herbert Powell, M.Sc.Tech., and Ph.D.( Manc.). British. 30 Upper Moss Lane, Man- 
chester, 15. Demonstrator at Manchester University. Signed by: H. N. Rydon, G. Baddeley, 
G. Holt 
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*§neezum, John Stuart. British. 69 Lightcliffe Road, Brighouse, Yorks. Student. Signed by: 
H. T. Openshaw, D. Lloyd, J. Read. 

*Southam, Frank Hamerton. British. 291 Green Lane, New Eltham, S.E.9. Student. Signed by: 
F. C. Tompkins, B. Atkinson, G. J. Hills. 

Stanley, Douglas Austen, B.Sc. and M.D. (Lond.), F.R.I.C. British. 20 Argyle Road, Southport. 
Consultant Chemical Pathologist and Biochemist. Signed by: H. Weatherall, M. L. Meara, N. 
Heron, J. F. Clark. 

*§winson, Anthony, B.Sc. (Lond.). British. 58 Grove Park Terrace, Chiswick, London, W.4. Chemist 
at Kodak, Ltd. Signed by: F. Julietti, T. F. Grey, W. A. Ross. 

*Tarlton, Edward James, M.Sc. (New Brunswick), Ph.D. (Harvard). Canadian. Department of 
Chemistry, Birbeck College, Malet Street, London, W.C.1. Postgraduate Research Student. 
Signed by: A. Nickon, A. J. Head, P. de Mayo. 

Taylor, Harry, B.Sc. (Lond.), A.R.I.C. British. 88 Grange Crescent, Gosport, Hants. Lecturer in 
Pharmaceutical Chemistry. Signed by: N. B. Chapman, C. M. Bere, C. G. Lyons. 

*Vamplew, Patricia Ann. British. 85 Heathstan Road, London, W.12. Postgraduate Research 
Student. Signed by: G. Williams, A. G. Foster, K. Singer. 

Venanzi, Luigi M., Dipl. Chem. (Kiel). Italian. The Frythe, Welwyn, Herts. Technical Officer, 
I.C.I. Ltd., Welwyn. Signed by: J. Chatt, G. A. Gamlen, L. A. Duncanson. 

*Walker, Raymond Thomas. British. 21 Somerton Avenue, Bitterne, Southampton. University 
Student. Signed by: N. B. Chapman, N. K. Adam, R. M. White. 

*Watson, Bernard Marie Millar, B.Sc. (Lond.). British. 1 Corse Terrace, West Kilbride, Ayrshire. 
Research Chemist at I.C.I. Ltd., Stevenston. Signed by: E. G. Wood, T. Broadhurst, A. I. Scott. 

*Westcott, David Thomas. British. 2 Penrhiw, Cwmrhydyceirw Road, Morriston, Swansea, Glam. 
Research Student at Swansea University College. Signed by: K. W. Sykes, C. W. Shoppee, E. E. 
Ayling. 

*Wetters, Basil David Peter, B.A. (Oxon.). British. 2 Sewell Avenue, Old Marston, Oxford. Re- 
search Graduate. Signed by: H. M. Powell, D. Lawton, J. H. Robertson. 

*Wilby, John, B.Sc. (Lond.), A.R.I.C. British. 31 Windsor Road, Finchley, London, N.3. Research 
Student at University College, London. Signed by: C. K. Ingold, E. D. Hughes, J. B. Ley. 

*Yee, Hugh Yat, B.S. (Wayne Univ.). Chinese. 5215 Lincoln, Detroit 8, Michigan. Graduate Student 
at Wayne University. Signed by: E. Farkas, A. J. Lemin, G. H. Thomas. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Bergna, Horacio Enrique, D.Chem. (Buenos Aires). Argentinian. Massachusetts Institute of Technol- 
ogy, Cambridge 39, Mass., U.S.A. Research Associate. Signed by: K. Drake. 

Criegee, Rudolf, Dr.phil. German. Institut fur Organische Chemie der Technischen Hochschule, 
Englerstr. 11, Karlsruhe, Germany. Professor of Organic Chemistry. Signed by: E. Vogel. 
*Denny, George Hutcheson, jun., B.S. (Washington and Lee Univ.), M.A. (Johns Hopkins University). 
American. Department of Chemistry, The Johns Hopkins University, 3400 North Charles Street, 

Baltimore 18, Maryland, U.S.A. Graduate Student. Signed by: R. F. Curtis. 

*Devi, Y. V. Sathyabhama, M.Sc. (Mysore). Indian. 183 Margosa Road, Bangalore-3, S. India. Lec- 
turer in Chemistry at University of Mysore. Signed by: S. Siddappa. 

Ferguson, Lloyd N., Ph.D. (Calif.). American. Carlsberg Laboratorium, Copenhagen, Valby, Denmark. 
Associate Professor of Chemistry. Signed by: K. Linderstrom-Lang, W. Anderson. 

Fried, Josef, Ph.D. (Columbia). American. Squibb Institute for Medical Research, New Brunswick, 
New Jersey, U.S.A. Department Head, Division of Organic Chemistry. Signed by: F. L. 
Weisenborn. 

*Graham, William Arthur Grover, M.A. (Saskatchewan). Canadian. 27 Milton Street, Somerville 44, 
Mass., U.S.A. Student at Harvard University. Signed by: R.C. West. 

Hager, Friedrich W., Dr.Phil. (Freiburg). German. Farbenfabriken Bayer, Leverkusen-Bayerwerk, 
Germany. Industrial Chemist. Signed by: O. Bayer. 

*Hall, Brian, B.Pharm., Ph.C. British. Military Hospital, Accra, Gold Coast, W. Africa. Pharmacist. 
Signed by: J.C. Duff. 

Herget, Ludwig Ferdinand, Dr.Phil. (Wiirzburg). German. Farbenfabriken Bayer, Leverkusen- 
Bayerwerk, Germany. Industrial Chemist. Signed by: O. Bayer. 

Hoffman, Philip, Ph.D. (Rochester), B.A. (Toronto). Canadian. 61 354A 223rd Place, Bayside, Long 
Island, N.Y., U.S.A. Research Assistant in Biochemistry. Signed by: D.S. Tarbell. 

*Holland, Gerald F., B.S. American. 58 Lithgow Street, Dorchester, Mass. Graduate Student 
Signed by: E. R. Gilmont, D. W. H. MacDowell. 

*Inman, Charles Gordon, B.S. (Rensselaer Polytechnic), M.S. (M.I.T.). American. Durez Plastics and 
Chemicals Inc., Research Laboratory, LeRoy, New York, U.S.A. Research Chemist. Signed by : 
R. E. Booth, J. A. Farr. 

*Johns, William F., Ph.B. and M.S. (Chicago). American. 512 Wingra Street, Madison, Wisconsin, 
U.S.A. Student. Signed by: R. Pappo. 

Klanfer, Karl, Dipl. Ing. (Vienna). Canadian. 94 Rykert Crescent, Leaside, Toronto, Canada. 
Director of Research and Development at A. R. Clark Co. Ltd., Toronto. Signed by: A. K. Light, 
S. Bywater. 
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Larson, Harold O., B.S. (Wisconsin), M.S. (Purdue), Ph.D. (Harvard). American. Harvard University, 
Department of Chemistry, 12 Oxford Street, Cambridge, Massachusetts. Post Doctorate Fellow, 
Harvard. Signed by: E. L. Muetterties, J. T. Rundquist. 

*Levine, Samuel Gale, B.S. (Tufts Coll.), A.M. (Harvard), Ph.D. (Harvard). American. Chemical 
Sciences Building, Forrestal Research Center, Princeton, N.J., U.S.A. Research in Organic 
Chemistry. Signedby: R.K. Hill. 

Lewis, Edward Sheldon, B.S. (Calif.), M.A. and Ph.D. (Harvard). American. Chemistry Department, 
The Rice Institute, Houston, Texas, U.S.A. Assoc. Professor of Chemistry. Signed by: R. B. 
Turner, R. P. A. Sneeden. 

Longo, Dino. Italian. Corso Raffaello, 31, Torino, Italy. Director of the Institute for Pharmaceutical 
Chemistry, University of Torino. Signed by: A. Nasini. 

Miyanc, Masateru, B.Agric. (Tokyo). Japanese. Laboratory of Biological Chemistry, Faculty of 
\griculture, Nagoya University, Anjo, Japan. Assistant of Nagoya University. Signed by: 
». DUgasawa 

Myers, Warren L., £.S. (Fordham), M.S. (Haverford). American. 2781 Yale Station, New Haven, 
Conn., U.S.A. Graduate Student at Ya.e University. Signed by: H. H. Zeiss. 

*O’Connor, George L., A.B. (Alfred Univ.), Ph.D. (Brown Univ.). American. Chemical Sciences 
Building, Forrestal Research Centre, Princeton University, Princeton, N.J., U.S.A. Organic 
Chemist. Signed by: R. K. Hill. 

Parker, Robert: Prescott, M.A. (Williams Coll.), Ph.D. (Yale). American. American Cyanamid Com- 
pany, Calco Chemical Division, Bound Brook, N.J., U.S.A. Research Chemist. Signed by: 
R. Heggie 

Paschke, Raymond Fred, B.S. (Alabama). American. 2010 E. Hennepin Avenue, Minneapolis 13, 
Minn., U.S.A. Research Chemist at Research Laboratories, General Mills, Inc., Minneapolis, U.S.A. 
Signed by: E. R. Rogier. 

Rau, Helene M., Dr.Phil. (Freiburg). German. Farbenfabriken Bayer, Leverkusen-Bayerwerk, 
Germany Industrial Chemist. Signed by: O. Bayer. 

Reid, Cyril, Ph.D. (Lond.) A.R.C.S., D.L.C. British. c/o Library, University of British Columbia, 
Vancouver 8, B.C., Canada. Associate Professor of Chemistry. Signed by: J. G. Hooley, A. K. 
Light 

Reuver, Luise, r.rer.nat. (Bonn). German. Farbenfabriken Bayer, Leverkusen-Bayerwerk, Germany. 
Industrial Chemist. Signed by: O. Bayer. 

Robinson, Herbert Edwin, A.B. (Montana), Ph.D. (Pittsburgh). American. 11318 S. Lothair Street, 
Chicago 43, Illinois, U.S.A. Director of Laboratories, Swift and Company, Chicago. Signed by: 
H. S. Mitchell. 


Sawyer, Richard Leigh, B.S. and M.A. (Geo. Washington Univ.), Ph.D. (Cornell). American. 46 
Pleasant View Avenue, Beacon, New York, U.S.A. Asst. Director of Research, The Texas Co., 
New York. Signed by: W. E. Kuhn. 

Scammell, George Vance, B.Sc. (Sydney), A.R.A.C.I. British. c/o F. H. Faulding and Co. Ltd., Box 


4186 G.P.O., Sydney, } 

Schuerch, Conrad, Ph.D. (\ 
Syracuse 10, N.Y., U.S 
Rembaum 

Shepard, Alvin F., Ph.D. (Cornell Univ.). American. c/o Durez Plastics and Chemicals Inc., Research 
Laboratory, Munson Street, LeRoy, N.Y., U.S.A. Chemist. Signed by: J. A. Farr, R. E. Booth. 

Smith, Victor Herbert, B.S. (Montana). American. Chemistry Department, Oregon State College, 
Corvallis, Oregon, U.S.A. Du Pont Research Fellow. Signed by: T. E. King. 

Stallberg, Gunnel. Swedish. Institute of Pharmacology, University of Upsala, Sweden. Organic 
Chemist Signed by: E. Stenhagen. 

Stoetzer, Waliher, Dr.rer.nat. (Heidelberg). German. TFarbenfabriken Bayer, Leverkusen-Bayerwerk, 
Germany. Industrial Chemist. Signed by: O. Bayer. 

Stout, George Hubert, A.B. (Harvard). American. 20 Trowbridge Street, Apt. 5, Cambridge 38, 
Mass., U.S.A. Graduate Student at Harvard. Signed by: B. G. Christensen, B. L. Shapiro. 

van der Grinten, Lodewijk Pieter Frans, D.Chem. (Munich). Dutch. Wilhelminapark 26, Venlo, The 
Netherlands. Director of Chemische Fabriek L. van der Grinten, Venlo. Signed by: J.D. Kendall. 

Zervas, Leonidas, Ph.D. (Berlin). Greek. Laboratory of Organic Chemistry, Solonos 104, Athens, 
Greece. Professor of Organic Chemistry at University of Athens. Signed by: A. Neuberger. 


N.S.W. Director. Signed by: A. R. Penfold. 
1.1.T.). American. State University of New York, College of Forestry, 
5.A. Assistant Professor of Chemistry. Signed by: V. T. Stannett, A. A. 
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(List of Papers accepted for publication between February 24th and March 23rd, 1954.) 


Numbers quoted are “‘ Reprint Order Numbers.”’ Reprints may be ordered from the 
list below, or from the published Journal (January 1954 onwards). Orders must be sent to 
the General Secretary accompanied by a remittance for 5s. for each reprint, or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, price 
10s. per book of five vouchers available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing thirty reprint vouchers at {1 10s. per book. 


4889. ‘‘ Fluorene analogues of triphenylmethane dyes; calculation of their light absorp- 
tion by the molecular-orbital method.” By D. A. Brown and M. J. S. Dewar. 
4920. “‘ Kinetics and mechanism of aromatic halogenation by hypohalous acids. Part I. 
3romination of aromatic ethers by hypobromous acid.” By S. J. BRANCH and 

BRYNMOR JONES. 

4926. “‘ Researches on acetylenic compounds. Part XLI. Reductions with lithium 
aluminium hydride.” By E. B. Bates, E. Rk. H. Jones, and M. C. WaItTING. 

4927. ‘‘ Researches on acetylenic compounds. Part XLII. A new method for the 
preparation of alkoxyacetylenes.”’” By G. Eciinron, E. R. H. Jones, B. L. Suaw, 
and M. C. WHITING. 

4928. ‘‘ The reaction between nickel carbonyl and some esters of w-acetylenic acids.’ 
By E. R. H. Jones, G. H. Wuiruam, and M. C. WHITING. 

4930. ‘‘ Organic oxidation processes. Part I. The oxidation of some methylphenols 
with lead tetra-acetate.’”’ By G. W. K. CAvILL, E. R. CoLe, and P. T. GILHAM. 

4935. ‘‘ Purine studies. Part I. Stability to acid and alkali. Solubility and ionization. 
Comparison with pteridines.”” By ADRIEN ALBERT and D. J. Brown. 

4936. ‘‘ Purine studies. Part II. The ultra-violet absorption spectra of some mono- 
and poly-substituted purines.”” By S. F. Mason. 

4938. ‘‘ Oxidation products of diisobutylene. Part I. Liquid-phase oxidation of dizso- 
butylene: Formation, properties, and analysis of 1 : 2-epoxy-2 : 4 : 4-trimethylpen- 
tane.”” By E. J. Gasson, A. F. MILiince, G. R. PriMAvesi, W. WEBSTER, and D. P. 
YOUNG. 

4939. “Oxidation products of dizsobutylene. Part II. The isomerisation of | : 2-epoxy- 
2:4:4-trimethylpentane, and some products derived from 2 : 4: 4-trimethylpentanal.”’ 
By E. J. Gasson, A. R. GRAHAM, A. F. MitiipcE, I. K. M. Rosson, W. WEBSTER, 
A. M. WILD, and D. P. Youna. 

4940. ‘‘ Oxidation products of dizsobutylene. Part III. Products from ring-opening of 
1 : 2-epoxy-2 : 4: 4-trimethylpentane.”” By A. R. Granam, A. F. MILLIDGE, and 
D. P. YOUNG. 

5001. ‘‘ The preparation and physical properties of pure pyridine and some methyl 
homologues.”’ By D. P. Brppiscomse, E. A. Coutson, R. HANDLEY, and E. F. G. 
HERINGTON. 

5002. ‘‘ Hydrazine. Part VIII. Some salts of 3:5: 5-trimethyl-A?-pyrazoline and of 
the 3:5: 5-trimethyl-l-7sopropylidine-A?-pyrazolinium ion.” By W. PuGH. (With 
notes on the optical properties of the crystals. By H. G. G. VINCENT.) 

5003. «-Unsaturated aldehydes and related compounds. Part IV. The homolytic 
addition of carbon tetrachloride to acraldehyde and its acetals.’’ By R. H. HALL and 
D. I. H. JAcoBs. 

5005. ‘“‘ The reactions of amines and sulphur with olefins. Part I. The reaction of 
diethylamine and sulphur with cyc/ohexene."” By C. G. Moore and R. W. SAVILLE. 

5006. ‘‘ The reactions of amines and sulphur with olefins. Part II. The reaction of 
diethylamine and sulphur with trialkylethylenes.’”” By C. G. Moore and R. W. 
SAVILLE. 
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5007. ‘‘ The reactions of amines and sulphur with olefins. Part III. The reaction of 
diethylamine and sulphur with alka-1 : 5-dienes.””. By R. W. GLAZEBROOK and R. W. 
SAVILLE. 

5008. ‘‘ Reactions of fluorocarbon radicals. Part IX. The direction of free-radical 
addition to allene and allyl chloride.””’ By R. N. HAszeL_pine, K. LEEDHAM, and 
B. R. STEELE. 

5013. “‘ The near-ultra-violet absorption spectra of some heterocyclic compounds. Part I. 
Benzoxazoles.”” By R. PASSERINI. 

5014. ‘‘ The near-ultra-violet absorption spectra of some heterocyclic compounds. Part II. 
Benzothiazoles.”” By A. CERNIANI and R. PASSERINI. 

5017. “‘ The optical resolution of 1 : 1’-dinaphthyl-5 : 5’-dicarboxylic acid.””. By F. BELL 
and W. H. D. Morcan. 

5018. ‘‘ Eight- and higher-membered ring compounds. Part XI. Alkyl derivatives of 
di-, tri-, and tetra-salicylides."” By Witson Baker, J. B. HARBORNE, A. J. PRICE, 
and A. Rutt. 

5019. “The constituents of high-boiling petroleum distillates. Part I. Preliminary 
studies.’’ By W. CARRUTHERS and J. W. Cook. 

5021. ‘‘ N-Ethyl(or -methyl or -phenyl)-N-2-halogenoethyl-l(or -2)-naphthylmethyl- 
amines. Part II. Chemical reactivity and pharmacological activity.”’ By N. B. 
CHAPMAN and J. W. JAMES. 

5033. ‘‘ Nucleophilic displacement reactions in aromatic systems. Part IV. Kinetics of 
the reactions of o- and f-halogenonitrobenzenes with piperidine and with morpholine.” 
By N. B. CHApMAN, R. E. PARKER, and P. W. SOANEs. 

5039. ‘‘ Anodic syntheses. Part XI. Synthesis of tariric and petroselinic acid.”” By 
B. W. BAKER, R. W. KIERSTEAD, R. P. LINSTEAD, and B. C. L. WEEDON. 

5042. “Immunopolysaccharides. Part I. Preliminary studies of a uronic acid con- 
taining polysaccharide fron Azotobacter chroococcum.”’ By G. J. LAwson and M. 
STACEY. 

5049. ‘‘ The separation and purification of americium-241, and the absorption spectra of 
tervalent and quinquevalent americium soiutions.”” By G. R. Hatt and P. D. 
HERNIMAN. 

5050. ‘‘ The magnetic susceptibility of lanthanum.”’ By O. M. Hira and F. A. SALEH. 

5052. ‘‘ Alcoholates of thorium tetrachloride.’”” By D. C. BrApLry, M. A. SAap, and 
W. WaARDLAW. 

5053. “A quantitative study of the autoxidation products of elaidic acid.’’ By GEORGE 
KING. 

5056. “ The catalytic cyciic polymerisation of butadiene.” By Hucu W. B. REED. 

5063. “‘ Reactions of cyclooctatetraene. Part V. Selective reduction with metals and 
alkalis or acids.” By WILLIAM O. JONEs. 

5066. ‘Studies in the chemistry of quadrivalent germanium: ion-exchange studies of 
solutions of germanates.”” By D. A. Everest and J. E. SALMON. 

5067. ‘‘ The cyclization of substituted N-thiocarbamoylglycines, and some merocyanine 
dyes derived from the products.”” By R. A. JEFFREYS. 

5068. ‘‘ Derivatives of benzo-1:4-dioxan. Part II. Some compounds derived from 
5 : 7-dinitrobenzo-1 : 4-dioxan.”” By P. M. HEERTJEs, (Miss) A. A. KNAPE, and 
H. TALSMA. 

5070. ‘‘ Thiophen derivatives of biological interest. Part VI. The chemistry of 2-/ert.- 
butylthiophen.”” By Micuer Sy, Nc. Px. Buu-Hoi, and Ne. D. Xuonc. 

5071. ‘‘Cinnolines and other heterocyclic types in relation to the chemotherapy of 
trypanosomiasis. Part IX. Synthesis of azoquinoxaline derivatives.” By C. M. 
ATKINSON, C. W. Brown, J. McINTyRE, and (the late) J. C. E. Simpson. 

5072. “‘ The anomalous osmotic behaviour of polymethacrylonitrile.”” By N. GRASSIE 
and E. VANCE. 

5073. “‘ Studies of trifluoroacetic acid. Part XI. The reactions of diazonium trifluoro- 
acetates with aromatic compounds to give diaryls.” By M. R. Pettit and J. C. 
PATLOW. 
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5075. ‘‘ The molecular rotations of polycyclic compounds. Part III. Polycyclic alcohols 
and their derivatives.’””’ By W. KLYNE and W. M. STOKEs. 

5078. ‘‘ Thermochemistry of organoboron compounds. Part IV. Dimethylamino- 
chloroborines.”” By H. A. SKINNER and N. B. SMITH. 

5079. ‘‘ Naphthyridines. Part I. The chemistry of 1: 5-naphthyridine.” By E. P. 
Harr. 

5083. “‘ pseudoCarpaine, a new alkaloid from Carica papaya L.”’ By T. R. GOVINDACHARI, 
B. R. Par, and N. S. NARASIMHAN. 

5084. ‘‘ The structure of the acetate C,,.H,,0; (O; acetate) derived from @-amyrin.”” By 
L. C. MCKEAN and F. S. SPRING. 

5088. ‘‘ Ultra-violet absorption spectra of 9-substituted fluorenes.”” By C. EABoRN and 
R. A. SHAW. 

5089. ‘‘ Reaction of diazomethane with arylideneanilines.’’ By G. D. BUCKLEY. 

5090. ‘‘ The heats of formation of complex ions containing ethylenediamine.”’ By 
T. Davies, (Miss) S. S. SINGER, and L. A. K. STAVELEY. 

5091. ‘‘ Deoxyribonucleosides and related compounds. Part IV. The configuration at 
the glycosidic centre in deoxyadenosine and deoxycytidine.’’ By W. ANDERSEN, 
D. H. Hayes, A. M. MIcHELson, and A. R. Topp. 

5092. ‘‘ Aromatic azo-compounds. Part V. The absorption spectra of N-substituted 
4-aminoazobenzenes and their mono-acid salts.”” By G. M. BapcEr, R. G. Buttery, 
and G. E. Lewis. 

5093. ‘“‘ Studies on a-1:4-glucosans. Part I. The inter-chain linkages in glycogens.”’ 
By D. J. BELL, and D. J. MANNERS. 

5094. ‘‘ Branched-chain sugars. Part II. The action of Grignard reagents on 1 : 2-3 : 4- 
di-O-isopropylidene-6-O0-toluene-f-sulphonyl-«-D-galactose.”” By G. W. OVEREND and 
G. VAUGHAN. 

5095. ‘‘ Interaction of carboxylic acids with phosphorus trichloride, or butyl phosphoro- 
dichloridite, or the chloridite, in the absence and in the presence of pyridine.” By 
J. A. CADE and W. GERRARD. 


5096. ‘‘ Synthesis of 2-phenylnaphthalene.’””’ By Nem CAMPBELL and Davip Kipp. 
5097. ‘‘ Reducing action of glycols in alkaline medium. Part I. Mechanism of form- 


’ 


ation of stilbenes from substituted benzaldehydes.’”’ By WapbiE Tapros, LABIB 
EKLADIUS, and ALFY BADIE SAKLA. 

5099. ‘‘ Studies of trifluoroacetic acid. Part XII. Acyl trifluoroacetates and their 
reactions.” By E. J. BournE, M. Stacey, J. C. TATLow, and R. WorRALL. 

5100. ‘‘ Phthalaldehydes and related compounds. Part V. Phthalaldehydes derived 
from hydrastal and cotarnone.”” By JoHN BLAIR and G. T. NEWBOLD. 

5102. ‘‘ Organic peroxides. Part III. The preparation of alkyl hydroperoxides and 
dialkyl peroxides. Characteristic derivatives of alkyl hydroperoxides.”’ By A. G. 
Davies, R. V. Foster, and A. M. WHITE. 

5103. “‘ Organic peroxides. Part IV. Alkyl-oxygen heterolysis in organic peroxides.” 
By A. G. Davies, R. V. Forster, and R. NEry. 

5107. ‘‘ The chemistry of ribose and its derivatives. Part III. The separation of ano- 
meric methyl ribosides.”” By G. R. BARKER and D. C. C. SMITH. 

5109. ‘‘ Potassium 1-methoxyethy]l picrate.’”” By R. Foster and D. Lr. HAMmick. 

5110. ‘‘ Cy)-Oxygenated pregnane derivatives. Part II. Preparation of 2l-acetoxy- 
17«-hydroxyallopregnane-3 : 12 : 20-trione from hecogenin.”’ By (Mrs.) W. J. ADAMs, 
D. N. Kirk, D. K. PATEL, V. PETROw, and (Mrs.) I. A. STUART-WEBB. 

5111. ‘‘ Studies of Aspergillus niger. Part III. The structure of a trisaccharide syn- 
thesised from sucrose.””’ By S. A. BARKER, E. J. BOURNE, and T. R. CARRINGTON. 

5113. ‘‘ Gladiolicacid. Part V. Syntheses of some methoxybenzenetricarboxylic acids.”’ 
By D. GARDNER, JOHN FREDERICK GROVE, and DOREEN IsMAy. 

5114. ‘Steroids and Walden inversion. Part XII. The epimeric 3-cholesterylacetic 
acids and 3-cholestanylacetic acids.” By C. W. SHoPPEE and R. J. STEPHENSON. 
5115. ‘‘ Chemistry of pongamol. Part II.’’ By S. NARAYANASWAMY, S. RANGASWAMI, 

and T. R. SESHADRI. 
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5116. ‘‘ The fluorination of organochlorodisiloxanes.’’ By D. S. PAYNE. 

5119. ‘‘ The reduction of anthraquinone and other polycyclic quinones with aluminium 
alkoxides (Meerwein—Pondorff reagent).’’ By SAMUEL CoFFEY and (Miss) V. Boyp. 

5120. ‘‘ The amination of anthraquinone with hydroxylamine in sulphuric acid.” By 
A. C. Rosson and SAMUEL COFFEY. 

5121. ‘‘1:9-Pyrazoloanthrone. Part III. The chemistry of the two N-methyl deriv- 
atives of 1 : 9-pyrazoloanthrone.”” By WILLIAM BRADLEY and CLIVE S. BRUCE. 
5125. ‘‘ Polynuclear heterocyclic systems. Part VIII. Synthetical applications of the 

Schmidt reaction.”” By G. M. BADGER and J. H. SEIDLER. 
5126. ‘‘ Aromatic azo-compounds. Part VI. The action of light on azoxy-compounds.”’ 
By G. M. BADGER and R. G. BUTTERY. 
5128. “ Physical properties and thermodynamic functions of trichloroacetonitrile.”’ By 
MANSEL Davies and Davip G, JENKIN. 
5132. ‘‘Stereochemical studies. Part I. The relative configurations of (—)-amino- 
phenylacetic acid and (—)-mandelic acid.’”” P ‘“* B. Watson and G. W. YounGson. 
‘ Syntheses in the piperidine series. Pari The preparation of piperidy] ethers 
and related compounds.”’ By K. BowDEN P. N. GREEN. 
“2:2':4:4':5:5'-Hexamethoxydiphenyi.”” By W. I. TAYLor. 
“Concerning the condensation of «-keto-acids with 2-(3 : 4-dihydroxypheny])- 
ethylamine.”” By J.S. LittLe, A. G. Smitu, W. I. TAYLOR, and B. R. THoMas. 
5141. ‘“ The formation of ketones. Part II. The formation of some substituted cyclo- 
pentanones by the Dieckmann reaction.”’” By R. I. REED and (Miss) M. B. THORNLEY 
5146. “ The ultra-violet absorption of triethyl phosphite.’”” By M. HALMANN. 
5176. ‘‘ The surface tension of antimony pentafluoride.’”’ By D. R. Hus and P. L. 
ROBINSON. 


ADDITIONS TO THE LIBRARY 


I. Donations 
A. Books. 


BrROGLIE, LouIS DE [and others]. Les 
applications de la mécanique ondulatoire a 
l’étude de la structure des molécules. Paris 
1953. pp. 223. ill. 1600 frs. (Recd. 9/3/54. 

From the Publishers: Editions of the 

Revue d’Optique Théorique et Instrumentale. 

EUROPEAN BREWERY CONVENTION. Con- 
gress, [4th], Nice 1953. Proceedings. Amster- 
dam 1953. pp. vii+ 306. ill. Elsevier. 
47s. 6d. (Recd. 19/2/54.) 

From the Institute of Brewing. 

FALKENHAGEN, HANS. Elektrolyte. 2nd 
edition. Leipzig 1953. pp. xi-+ 263. ill. 
DM. 15.60. (Recd. 1/3/54.) 

From the Publishers: S. Hirzel Verlag. 

REMINGTON, JOHN STEWART, and FRAN- 
CIS, WILFRID. Pigments; their manufacture 
and use. 8rdedition. London 1954. pp. xv+ 
222. ill. Leonard Hill. 20s. (Recd. 12/3/54.) 

From J. S. Remington, Esq. 

WILBOoRN, FELIx. Editor. Physikalische 
und technologische Priifverfahren fiir Lacke 
und ihre Rohstoffe. Vol. 1. Die Rohstoffe. 
Die Anstrichstoffe. Vol. 2. Der Anstrich. 
Einige besondere Anstrichstoffe. Verschie- 
denes. Anhang. Stuttgart 1953. pp. xi; 
viii + 834. ill. DM 165. (Recd. 27/1/54.) 

From the Publishers : 
Berliner Union Stuttgart. 


B. Pamphkets. 


RoyAL INSTITUTE OF CHEMISTRY. Lec- 


tures, Monographs and Reports 1954, No. 1. 
The development of radiation chemistry and 
radiochemistry. SIR JOHN COCKCROFT. 
pp. [ii] + 12. ill. 


Lon- 


don [1954]. [Two copies. |} 


II. By purchase 


AMERICAN SOCIETY FOR METALS. 
in metals. By D. P. Smit [and others}. 
Cleveland 1953. pp. [iv] + 204. ill. The 
Society. $3. (Recd. 9/3/54.) 

CLARK, CHARLES C. Hydrazine. Baltimore 
1953. pp. ix + 133. ill. Mathieson Chem. 
Corp. $1.50. (Recd. 2/3/54.) 

INTERNATIONAL UNION OF NUTRITION 
SCIENCES. Present problems in nutrition re- 
search. Symposium. Basel. . . 1952. 
Edited by F. VERzAR. Basel 1953. pp. 312. 
ill. (Experientia Supplementum 1.) (Refer- 
ence.) Birkhauser. Sw. frs. 32. 

SCHRAGE, ROBERT. A theoretical study 
of interphase mass transfer. New York 1953. 
pp. viii+ 103. ill. Columbia Univ. Pr. 
$3.50. (Recd. 25/3/54.) 


Gases 


LOCAL 
Aberdeen. 
Australia. 
Birmingham. 
Bristol. 
Cambridge. 
Canada. 
Ceylon. 
Edinburgh. 
Exeter. 
Glasgow. 


Hull. 
India. 


Irish Republic. 
Leeds. 
Livertool. 
Manchester. 
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New Zealand. 
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North Wales. 

Nottingham. 

Oxford. 

Pakistan. 

St. Andrews and 
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Sheffield. 
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Southampion. 


South Wales. 


REPRESENTATIVES OF THE CHEMICAL SOCIETY 


R. H. Thomson, Ph.D., F.R.I.C., Chemistry Department, The University, Old 
Aberdeen. 

Professor A. J. Birch, M.Sc., D.Phil., Department of Organic Chemistry, The 
University, Sydney, N.S.W., Australia. 

E. J. Bourne, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

F. H. Pollard, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The Univer- 
sity, Woodland Road, Bristol. 

R. N. Haszeldine, B.Sc., Ph.D., University Chemical Laboratory, Pembroke 
Street, Cambridge. 

W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian Breweries 
Ltd., 496, Queen Street East, Toronto, 2, Canada. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.I.C., Department of Chemistry, 
The University, Colombo, Ceylon. 

T. R. Bolam, D.Sc., Chemistry Department, King’s Buildings, West Mains 
Road, Edinburgh. 

K. Schofield, B.Sc., Ph.D., Department of Chemistry, Washington Singer 
Laboratories, Prince of Wales’ Road, Exeter. 

F. D. Gunstone, B.Sc., Ph.D., Chemistry Department, The University, 
Glasgow, W.2. 

W. B. Orr, D.Sc., Ph.D., Chemistry Department, University College, Hull. 

Sir Shanti S. Bhatnager, O.B.E., D.Sc., F.R.S., Secretary, Ministry of 
Natural Resources and Scientific Research, New Delhi, India. 

V. C. Barry, D.Sc., F.R.I.C., Medical Research Council of Ireland, The 
Laboratories, Trinity College, Dublin. 

P. A. Briscoe, B.Sc., Ph.D., A.R.I.C., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.R.I.C., Imperial Chemical Industries, Ltd., 
Research Department, Widnes Laboratory, Widnes, 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 

G. A. Swan, B.Sc., Ph.D, F.R.I.C., Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

R. G. R. Bacon, Ph.D., A.R.C.S., Chemistry Department, Queen’s 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

C. C. Addison, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University, 
University Park, Nottingham. 

H. M. N. H. Irving, M.A., D.Phil., F.R.I.C., Inorganic Chemistry 
Laboratory, South Parks Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 

H. T. Openshaw, M.A., D.Phil., Chemistry Department, United College, 
St. Andrews. 
. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 

N. B. Chapman, M.A., Ph.D., A.R.I.C., Department of Chemistry, The 
University, Southampton. 

K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
Frank William Epworth (Sevenoaks) ................ July 20th, 1944. Apr. 8th, 1954. 
Walter Siegfried Gips (N. Rhodesia) Nov. 17th, 1949. Nov. 1953. 
WEETMIBED SRTECEY UE CUSARCE) oieinsdscveiesesecssccsccssveds Dec. 2nd, 1915. Jan. 7th, 1951. 
Malcolm McNish (St. Neots) Dec. Ist, 1910. Feb. 27th, 1954. 
John Watson Napier (Edinburgh) ................... Jume 15th, 1893. Dec. 16th, 1954. 
Harold Stevenson (Cheadle) May 5dth, 1921. Mar. 14th, 1954. 
Arthur James Edward Thornton (New Malden) Dec. 6th, 1923. Aug. 6th, 1953. 


CONGRATULATIONS. 

The President has conveyed the congratulations of the Society to Mr. William Stone 
(London), who completed 75 years of Fellowship on April 17th, 1954, and to the following 
who completed 50 years of Fellowship on May Sth, 1954: 


Nilliam Barbour (Wigan). 
Tom Sidney Moore (Egham). 
Reginald Harry Hursthouse Stanger (S.W.1). 


ELECTION OF HONORARY FELLOWS. 
The following were elected Honorary Fellows of the Society on May 6th, 1954: 


Vincent du Vigneaud (U.S.A.). 
Jens Anton Christiansen (Denmark). 


ELECTION OF NEW FELLOWS 
The following 160 candidates were elected Fellows of the Society on May 6th, 1954: 


Henry Giveen Hamilton Alner. John Sidney Almond Brunskill. 
El-Sayed Amin. William J. Burlant. 

Fredérick William Andrews. Reginald Edgar Busby. 

Jean Asselineau. 3ruce Frank Cain. — 

Steven James Assony. Jose Guardiola Castells. 

Victor Michael Atkins. Edmund Arthur Smith Cavell. 
Sidney Baldwin. Arthur Stanley Chambers. 

Eric Bannister. James Leonard Charnock. 
Arthur Barker. Frederick William Clark. 

John Warner Barton. Joan Mary Clayton. 

Albert Gordon Bell. Denis Cleaver. 

Colin Leonard Malcolm Bell, John Derek Cocker. 

Horacio Enrique Bergna. Derek James Colwell. 

Vincent Binns. Peter Coskery. 

Alan Blackburn. Friedrich D, Cramer. 

Eric Boyland. Rudolf Criegee. 

Donald George Braddy. Thomas Joseph Leonard Cuthbert. 
Peter William Brock. George Harley Davison, 


Arthur Colin Day. 

Stanley Richard Dennison. 
George Hutcheson Denny, jun. 
Y. V. Sathyabhama Devi. 
Katharine Janvier Douglas. 
Raymond Leslie Edwards. 
Reginald Leonard Faircloth. 
Cecil William Falkner. 
Lloyd N. Ferguson. 

Renee Fisher. 

Arthur Brian Foster. 
Geoffrey Lambsin Foster. 
Alexander Redwood Fox. 
Boris Franzus. 

Josef Fried. 


Jacob Menachem Emil Goldschmidt. 


George Clifford Goode. 
Peter Manson Gore. 
William Arthur Grover Graham 
Rita Audrey Gregory. 
Friedrich W. Hager. 
George Halek. 

Brian Hall. 

Alice Hilda Hammond. 
Raymond Pollard Harker. 
Harry Heaney. 

Ludwig Ferdinand Herget. 
Barry Charles Hibbin. 
Roger Frederic Hill. 
Richard Hodges. 

Philip Hoffman. 

Gerald F. Holland. 

William Anthony Holmes-Walker. 
Charles Gordon Inman. 
Alan Ashley James. 
William F. Johns. 

Francois Cecil Johnson. 
David John Jones. 

John Pierce Jones. 

Peter Jones. 

William Whyte Kerr. 
Mansour Khalifa. 

Karl Klanfer. 

John Frederick Leslie Knight. 
Michael John Laming. 
Harold O. Larson. 

Peter Thomas Lawrence. 
Dennis Norman Learmount. 
John Barry Lee. 

Samuel Gale Levine. 
Edward Sheldon Lewis. 
David Austen Lickman. 
Elizabeth Jeffrey Lindsay. 
Dino Longo. 

Gordon Lowe. 

Alexander Tadeusz Lubinski. 
Jack Albert Lucy. 

Maxwell Len McGlashan. 
Thomas Rae Manley. 

John Ernest Manton. 

Alan Marchant. 


Ronald Frank Mason. 
t 


ACKNOWLEDGMENTS. 


Harold Joseph Matsuguma. 
Richard John Strachan Matthews. 
Geoffrey John Minns. 
Masateru Miyano. 

Sau Fun Mok. 

Douglas Mullin. 

Warren L. Myers. 
Hansford Ivan Narain. 
Nancy Margery Noyes. 
George L. O’Connor. 
Robert Prescott Parker. 
Robert Thomas Parker. 
Raymond Fred Paschke. 
John Lionel Pearson. 
Christian Pedersen. 

John Lionel Pegler. 

John Stuart Perkins. 

Fred Perks. 

Gordon Victor Phillips. 
John Hugh Pierce. 
Margaret Alice Place. 
Stephen T. Polyak. 

Alan Pounder. 

Norman Arthur Puttnam. 
Barry Rack. 

Edward William Randall. 
Leon Raphael. 

Helen M. Rau. 

Luise Reuver. 

Herbert Edwin Robinson. 
Stanley Keith Robinson. 
Brian Frederick Sagar. 
Kazuo Saito. 

William Paul Samuels, jun. 
Michael John Sandy. 

Adel Fares Sarofim. 
Richard Leigh Sawyer. 
George Vance Scammell. 
Conrad Schuerch. 

Alvin F. Shepard. 

Jakob van Rouendal Smit. 
Neville Herbert Powell Smith. 
Victor Herbert Smith. 
John Stuart Sneezum. 
Frank Hamerton Southam. 
Gunnel Stallberg. 

Douglas Austen Stanley. 
Walther Stoetzer. 

George Hubert Stout. 
Anthony Swinson. 

Edward James Tarlton. 
Harry Taylor. 

Patricia Ann Vamplew. 
Lodewijk Pieter Frans van der Grinten. 
Luigi M. Venanzi. 
Raymond Thomas Walker. 
Bernard Marie Millar Watson. 
David Thomas Westcott. 
Basil David Peter Wetters. 
John Wilby. 

Hugh Yat Yee. 

Leonidas Zervas. 


Acknowledgment is made of gifts of the Society’s publications from Mr. D. Bagley and 


Mr. A. P. Mieras. 


LOCAL REPRESENTATIVES. 
The following appointments have been made : 


Dr. J. C. Tatlow (Birmingham) in place of Dr. E. J. Bourne. 
Dr. P. Woodward (Bristol) in place of Dr. F. H. Pollard. 
Dr. D. O’Tuama (Irish Republic) in place of Dr. V. C. Barry. 
Dr. E. Rothstein (Leeds) in place of Dr. P. A. Briscoe. 
The President has conveyed the thanks of the Council to the retiring Local Represent- 
atives for their services to the Society. 


COMMITTEES 1954—1955. 

The thanks of the Council have been conveyed to the retiring Members of Committees 
for the services they have rendered to the Society. The following have been appointed for 
1954—1955 : 

Finance and General Purposes Committee 

Professor J. W. Cook, Dr. F. Hartley, Sir Cyril Hinshelwood, Sir Eric Rideal, Dr. F. A. 
Robinson Mr. Stanley Robson, Mr. J. D. Rose, Professor A. R. Todd, together with the 
Officers and the Chairman of the Publication Committee, with the President as Chairman, 
Treasurer as Vice-Chairman, and the General Secretary as Secretary. 


Research Fund Committee 


Professor C. E. H. Bawn, Professor D. H. Hey, Professor E. L. Hirst, Professor E. R. H. 
Jones, Sir Eric Rideal, Professor J. M. Robertson, Dr. R. Spence, Professor E. E. Turner, 
Mr. R. M. Winter, together with the Officers, with the President as Chairman, and the 
General Secretary as Secretary. 


Publication Committee 
Professor C. K. Ingold (Chairman), Dr. G. Baddeley, Dr. D. H. R. Barton, Professor 


C. E. H. Bawn, Dr. D. J. Bell, Dr. E. J. Bowen, Dr. J. Chatt, Professor C. A. Coulson, 
Professor H. J. Emeléus, Dr. F. Fairbrother, Professor R. D. Haworth, Dr. B. A. Hems, 
Dr. H. R. Ing, Dr. H. M. N. H. Irving, Professor E. R. H. Jones, Dr. F. G. Mann, Professor 
R. A. Morton, Professor R. G. W. Norrish, Dr. L. N. Owen, Mr. H. M. Powell, Dr. N. Shep- 
pard, Professor C. W. Shoppee, Dr. W. F. Short, Dr. R. Spence, Professor M. Stacey, 
Dr. H. W. Thompson, Professor E. E. Turner, Dr. J. Walker, Dr. W. A. Waters, and the 
Officers, with the Editor as Secretary. 


Corday—Morgan Medal and Prize Selection Committee 
The President (Chairman), the immediate Past-President (Professor C. K. Ingold), and 
Professor H. J. Emeléus, Professor R. D. Haworth, Professor E. L. Hirst, Professor H. W. 
Melville, Sir Eric Rideal, and Sir John Simonsen, with the General Secretary as Secretary. 


LIBRARY. 
The Library will be closed for the Whitsun holiday on Monday and Tuesday, June 7th 
and 8th, and will re-open at 10 a.m. on Wednesday, June 9th. 


THE MURDOCH TRUST. 

The attention of the Society has been drawn to the Murdoch Frust. 

The late John Murdoch, who resided at Craiglockhart in the County of Midlothian, by 
his Will directed his Trustees to employ the residue of his Estate “‘ in instituting and carry- 
ing on a scheme for the relief of Indigent Bachelors and Widowers, of whatever religious 
denomination or belief they may be, who have shown practical sympathy either as amateurs 
or professionals in the pursuits of Science in any of its branches, whose lives have been 
characterised by sobriety, morality, and industry, and who are not less than fifty-five years 


” 
of age. 
* 
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The Trustees carry out the terms of the bequest by granting donations or pensions to 
persons who comply with these conditions. Pensions are given from year to year only, and 
may be increased, reduced, or withdrawn altogether, as the Trustees see fit. 

Forms of application may be obtained from Messrs. Shepherd and Wedderburn, W.S., 
16 Charlotte Square, Edinburgh 2. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 


SCIENTIFIC MEETING 
held at the University of Manchester on Thursday, April 1st, 1954, at 11.30 a.m. 


The President, PRoFEssor C. K. INGoLD, D.Sc., F.R.S., was in the Chair. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : S. Winstein, W. Klemm, J. Coops, 
K. A. Jensen, Nydia Luthy, Alan H. Turner, D. A. Kinsley, Brian L. Tonge, S. R. Stager, 
A. Calderbank, D. I. Magrath, C. Pedersen, I. G. Marsland, D. C. Mandeville, J. M. Thomp- 
son, H. H. Armstrong, H. A. Ghanem, K. Crudge, G. A. Taylor, H. M. Bunbury, A. W. 
Johnson, W. P. Taylor, A. M. Meston, B. E. Wilde, P. J. A. Ashworth, Michael Smith, 
J. S. Stephenson, J. W. Spoors, F. J. McQuillin, D. B. Clapp, R. B. Kelly, S. Shibata, E. J. 
Tarlton, D. C. Henry, S. M. Jaeckel, D. Marshall, Margaret A. Parsons, J. B. M. Herbert, 
F. W. Kay, John T. Edward, W. R. N. Williamson. 


LIVERSIDGE LECTURE. 
After a brief introduction the President called upon Professor H. J. Emeléus, D.Sc., 


F.R.S., to deliver the Liversidge Lecture entitled ‘‘ Organometallic Compounds containing 


Fluorocarbon Radicals.” 
At the conclusion of the Lecture, a vote of thanks to Professor Emeléus, proposed by the 


President, was carried unanimously. 


Minutes of a 
SCIENTIFIC MEETING 


held in the Medical Building, Teviot Place, Edinburgh, on Tuesday, April 27th, 1954, 
at 5.30 p.m. 


The President, PRorEssor W. WaArRDLAW, C.B.E., D.Sc., F.R.I.C., was in the Chair. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: William Carruthers, A. D. 
Campbell, R. H. F. Manske, Elizabeth Percival, David T. Manners, R. B. Barlow, M. F. 
Grundon, L. Fletcher, A. V. Parke, A. M. Clark, A. H. Johnstone, P. McDonald, A. J. U. 
Bull, Ralph R. A. Pride, W. A. M. Duncan, Leslie I. K. Ebbutt, George Maclennan, 
David R. Kennedy, John H. Knox, James P. Ward, Thomas G. Rowe, J. Evelyn Hay, 
R. A. Edington, Peter Schwartz, John H. Ramsay, Hugh H. Campbell. 


CENTENARY LECTURE. 

After a brief introduction, the President called upon Dr. R. H. Manske, M.Sc., Ph.D., 
to give the Centenary Lecture entitled ‘‘ The Story of the zsoQuinoline Alkaloids.” At 
the conclusion of the lecture a-vote of thanks to Dr. Manske, proposed by Professor E. L. 
Hirst, was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for May, 1954. Such objections will 
be treated as confidential. The forms of application are available in the Library.) 


*Allan, Frank Vernon, B.Sc. (Lond.). British. 7, Elm Drive, N. Harrow, Middlesex. Research 
Student. Signed by: E. G. Cowley, S. Verne. 

*Ball, John Christopher. British. 46, Boundary Road, Sidcup, Kent. Undergraduate Chemist. 
Signed by: L. Ellison, A. Conn, J. Leicester. 

Baltazzi, Evan Yves, D.Sc. (Paris). French. 5, Winchester Road, Oxford. 
Signed by: H. Irving, J. C. Smith, R. Robinson. 

*Benoliel, Judith Valerie, B.A. (Cantab.), A.R.I.C. British. 2, St. Albans Avenue, Bedford Park, 
London, W.4. Analytical Chemist, J. Lyons and Co. Ltd. Signed by: J. H. Bushill, C. H. F. 
Fuller, C. A. F. Doe, A. N. Ainsworth. 

Bett, Kenneth Edwin, B.Sc. (Lond.). British. 144, Campden Hill Road, Kensington, W.8. Lecturer 
in High Pressure Technology, Imperial College, S.W.7. Signed by: D. M. Newitt, J. H. Burgoyne, 
K. E. Weale. 

Brown, John Kenneth, M.A. and Ph.D. (Cantab.). British. Colloid Science Department, Free School 
Lane, Cambridge. Infra-red Spectroscopist. Signed by: R. N. Haszeldine, P. George, N. 
Sheppard. 

*Brudney, Norman, B.Pharm., A.R.I.C. British. 142, London Road, High Wycombe, Bucks. Well- 
come Pharmaceutical Research Fellow. Signed by: L. K. Sharp, L. Saunders, E. Shotton. 

*Buyske, Donald Albert, B.S. (Drury), M.S. and Ph.D. (Wisconsin). American. 16, Lathrop Street, 
Madison, Wisconsin, U.S.A. Student. Signed by: A. L. Wilds, W. S. Johnson, R. A. Kloss. 

*Campaign, Robert Joel. Australian. 5, Jolley Street, W. Brunswick, N.12, Melbourne, Victoria, 
Australia. Group Leader in Monsanto Chemicals (Aust.) Control Laboratory. Signed by: S. F. 
Cox, L. R. Wilkinson, G. L. Hardy. 

Chierici, Luigi, D.Chem. (Parma). Italian. 


British Council Scholar. 


Istituto Chimica Farmaceutica, Via D’Azeglio 85, Parma, 
Italy. Lecturer at Parma University. Signed by: C. K. Ingold, R. Passerini, C. A. Bunton. 
Clarke, Kenneth, M.Sc. and Ph.D. (Liv.). British. 31, Priory Road, Cottingham, E. Yorks. Lecturer 
at University College, Hull. Signed by: W. B. Orr, K. Rothwell, B. Jones. 

*Crunden, Edward Walter, B.Sc. (Lond.). British. 2, Flagstaff Road, Colchester, Essex. Research 
Student. Signed by: M. A. Crook, R. F. Hudson, R. D. Marshall. 

*Davies, Julian Edmund. British. Department of Chemistry, The University, Nottingham. Research 
Student. Signed by: J. J. Hobbs, J. G. Wilson, C. C. Addison, J. S. G. Cox, J. C. Roberts. 

de Fazi, Remo. Italian. Piazza Arcivescovado, 3, Pisa, Italy. Professor of Pharmaceutical Chemistry, 
University of Pisa. Signed by: C. K. Ingold, E. D. Hughes. 

Emmott, Robert, M.Sc. (Manc.), Ph.D. (Leeds). British. 91, Trevor Road, Flixton, Lancs. Research 
Chemist, Petrocarbon, Ltd., Trafford Park. Signed by: R. Long, C. W. Nutt, F. H. Garner. 
*Ford, Roger Anthony, B.A. (Oxon.). British. 22, Ridgeway, Newport, Monmouthshire. Research 

Chemist, British Nylon Spinners, Pontypool. Signed by: E. J. Bowen, D. W. Tanner, R. J. R. 


Hayward. 

*Jones, Ian Pearce. Australian. 
Victoria, Australia. Research Chemist, Monsanto Chemicals (Aust.). 
L. R. Wilkinson, G. L. Hardy. 

*Koch, Philip Bernard, B.Sc. (Lond.), A.R.I.C. 
Research Chemist, Atomic Weapons Research Establishment. 
Suschitzky, J. R. Young. 

*Kroll, Gerhard Wilhelm Frederic, B.Sc. (Wales), A.R.I.C. British. 1, Garth Terrace, Bangor, Caerns. 
Research Assistant. Signed by: J. G. Roberts, W. R. Angus, J. E. McKail. 

*Lammiman, Christopher Noel, B.A. (Oxon.). British. 20, Ruskin Avenue, St. Giles, Lincoln. 
Research Student, Oxford University. Signed by: H. Irving, D. L. Hammick, A. M. Roe. 

*Landau, Bronislawa Celina, B.Sc. (Q.U.B.)._ British. 46, Woodville Road, Brent, N.W.11. Assistant 
Chemist, Adhesive Tapes, Ltd., Borehamwood. Signed by: D. B. Powell, D. W. Wilson, A. J. 
Lindsey. 

British. 12, Fuller Street, Caulfield South, S.E.8, Victoria, 


*Lynch, Brian Maurice, B.Sc. (Melbourne). 
Australia. Research Student. Signed by: K. H. Pausacker, W. Davies, W. Segal. 


Matthews, John Francis, B.Sc. (Lond.). British. 166, Kirby Street, Sarnia, Ontario, Canada. Chemist, 
Dow Chemicals of Canada, Ltd. Signed by: A. K. Light, S. Bywater. 

*Mayo, Dana Walker, B.Sc. (M.I.T.). American. Chemistry Department, Indiana University, 
Bloomington, Indiana, U.S.A. Graduate Student. Signed by: B. Douglas, M. Carmack, V. J. 
Shiner. 

*Miller, Jerry Blair, B.A. (Cornell). American. 
Graduate Student, Ohio State University. 
Wolfrom. 


28, MacQuarie Street, North Williamstown, W.16, Melbourne, 
Signed by: S. F. Cox, 


British. 41, Monkfrith Way, Southgate, N.14. 
Signed by: G. I. Gregory, H. 


1227, Maryland Avenue, S.W., Canton 10, Ohio, U.S.A. 
Signed by: A. B. Foster, A. J. Huggard, H. L. 
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*Mukherjee, Tapan Kumar, M.Sc. (Patna). Indian. Chemistry Department, Wayne University, 
Detroit (1), Michigan, U.S.A. Teaching Assistant. Signed by: C. L. Stevens, C. Djerassi, G. H. 
Thomas. 

Myers, Robert J., B.S. (Creighton), Ph.D. (Johns Hopkins). American. Rohm and Haas, Co., 5000, 
Richmond Street, Philadelphia 37, Pennsylvania, U.S.A. Assistant to the Vice-President in charge 
of Research, Rohm and Haas Company. Signed by: R. Connor, W. S. Johnson, D. S. Wescott. 

*Phillips, Christine Pearl. British. c/o 16, Somerset Terrace, Millbrook, Southampton. Student. 
Signed by: N. B. Chapman, R. C. Poller, B. Capon. 

*Pratt, Barbara Mary Gladwin, B.A. (Oxon.). British. 762a, Finchley Road, London, N.W.11. 
Research Chemist, Adhesive Tapes, Borehamwood. Signed by: M. L. Tomlinson, S. G. P. Plant, 
A. S. Bailey. 

Reed, Cyril Yarwood, A.R.I.C. British. 95, St. Lesmo Road, Stockport. Chemist. Signed by: H. H. 
Armstrong, F. W. Kay, C. B. F. Rice. 

*Sasse, Wolfgang Hermann Fritz, B.Sc. (Adelaide). German. 41, Buxton Street, North Adelaide, 
South Australia. Senior Research Scholar, University of Adelaide. Signed by: H. J. Rodda, 
G. M. Badger, F. L. Winzor. 

Shaw, Robert Alfred, B.Sc. (Lond.), A.R.I.C. 3ritish. Department of Chemistry, Birkbeck College, 
Malet Street, London, W.C.1. Assistant Lecturer in Chemistry. Signed by: W. Wardlaw, 
D. J. G. Ives, L. Hunter. 

Shepherd, Arnold, B.Sc. (Wales). British. 121, Kyverdale Road, Stamford Hill, N.16. Research 
Chemist. Signed by: F. Wormwell, D. M. Brasher, T. W. Farrer. 

*Smith, William Roy, B.Sc. and Ph.D. (Sheffield). British. 313, Norton Road, Stockton-on-Tees, Co. 
Durham. Research Chemist. Signed by: P. Smith, H. W. B. Reed, G. H. Whitfield. 

*Thomson, Marianne Helen. British. 98, Highfield Lane, Southampton. Student. Signed by: N. B. 
Chapman, I. G. M. Campbell, R. C. Poller. 

*Thornton, Raymond Eric. British. 10, Ashbourne Grove, East Dulwich, S.E.22. Student. Signed 
by: A. I. Vogel, G. H. Jeffery, H. M. E. Cardwell. 

Timoney, Richard Ferrer, M.Sc. (N.U.I.). Irish. 13, Shandon Drive, Phibsboro’, Dublin. Lecturer, 
College of Pharmacy, Dublin. Signed by: T. S. Wheeler, A. G. G. Leonard, E. Philbin. 

Tippett, Colin Francis, M.A. (Cantab). British. 165, Allensbank Road, Cardiff, Glam. Scientific 
Officer, Home Office Forensic Science Laboratory. Signed by: P. Maitland, F. B. Kipping, E. A. 
Moelwyn-Hughes. 

Wettern, Eric Frank. British. Linnza, Sanderstead Road, Sanderstead, Surrey. Managing Director. 
Signed by: B. K. Blount, A. King, P. E. Halstead. 

*Whittaker, James Stockwell, A.R.I.C. British. 135, Wilton Road, Crumpsall, Manchester 8. 
Assistant Technical Officer, Imperial Chemical Industries (Dyestuffs) Ltd. Signed by: A. F. 
Crowther, D. N. Richardson, G. J. Stacey. 

*Wilkins, Jean Mary, B.Sc. (Lond.). British. 118, Southam Road, Hall Green, Birmingham, 28. 
Research Student, Royal Holloway College. Signed by: G. Williams, T. G. Bonnor, K. Singer. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


*Del Re, Giuseppe, Dr. in Physics (Florence). Italian. Istituto di Chimica Organica, Universita di 
Napoli, Via Leopoldo Rodino 22, Napoli, Italy. Assistant at the Institute of Organic Chemistry. 
Signed by: F. Giordani. 

Fishbein, Lawrence, B.S. (Brooklyn). American. 16, Highland Place, Indian Head, Maryland, U.S.A. 
Organic Chemist, U.S. Naval Powder Factory. Signed by: N. Kornblum. 

*Riley, Reed Farrar, Ph.D. (Michigan). American. Chemistry Department, Harvard University, 
Cambridge, Mass. Research Fellow. Signed by: F. G. A. Stone. 

Rogers, Thomas Hunton, Ph.D. (Johns Hopkins). American. Standard Oil Co. (Indiana), Research 
Department, P.O. Box 431, Whiting, Indiana, U.S.A. Director of Research. Signed by: E. H. 
Volwiler 

Seemuller, John Robert. French. 13 Rue Gabriel Peri, La Courneuve, Seine, France. Technical 
Director of Société Monsavon L’Oreal, Paris. Signed by: H. J. Channon. 


* Reduced Annual Subscription. 


59 


PAPERS ACCEPTED FOR PUBLICATION 
(List of Papers accepted for publication between March 24th, and April 26th, 1954.) 


Numbers quoted are “ Reprint Order Numbers.” Reprints may be ordered from the 
list below, or from the published Journal (January 1954 onwards). Orders must be sent to 
the General Secretary accompanied by a remittance for 5s. for each reprint, or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, price 
10s. per book of five vouchers available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing 30 reprint vouchers at £1 10s. per book. 


4823. “‘ The kinetics of chlorohydrin formation. Part V. The reaction between hypo- 
chlorous acid and crotonic acid in buffered solutions at 25° and 35°.”". By D. A. Craw. 

4824. ‘‘ The kinetics of chlorohydrin formation. Part VI. The reaction between hypo- 
chlorous acid and tiglic acid at constant pH.” By D. A. Craw. 

4905. ‘‘ Oxidation studies. Part I. Metal-catalysed persulphate oxidation of some 
simple phenols.’”’ By R. G. R. Bacon, R. GRIME, and D. J. MuNnRo. 

5024. ‘‘ Steric relations between ionisation of aralkyl] chlorides and dissociation of anilinium 
ions. Part I.’ By G. BADDELEY, J. CHADWICK, and H. T. TAYLOR. 

5036. “‘ The influence of molecular shape upon dielectric relaxation times.”” By R. J. W. 
Le FEvre and E. P. A. SULLIVAN. 

5044. ‘‘ Stages in oxidations of organic compounds by potassium permanganate. Part 
IV. Oxidation of malonic acid and its analogues.”” By ALAN Y. DRUMMOND and 
WILLIAM A. WATERS. 

5069. ‘‘ The hemicelluloses of Scots Pine (Pinus sylvestris) and Black Spruce (Picea nigra) 
woods.”’ By A. R. N. Gorrop and J. K. N. JONEs. 

5106. ‘“ The quenching of the fluorescence of anthracene gas.’’ By W. S. METCALF. 

5112. “ Mycobactin. A ‘growth factor for Mycobacterium johnei. Part Il. Degradation 
and identification of fragments.’’ By G. A. Snow. 

5117. ‘‘ The organic chemistry of phosphorus. Part II. The action of triphenyil- 
phosphite dihalides on alcohols : Two further new methods for the preparation of alkyl 
halides.”” By D.C. Cok, S. R. LANDAUER, and H. N. Rypon. 

5118. ‘Steroids. Part XIV. 7: 8-Epoxides of 9«- and 98-ergostan-1l-one derivatives.” 
By JAMES GRIGOR, WILLIAM LaIRD, DUNCAN MACLEAN, G. T. NEWBOLD, and F. 5S. 
SPRING. 

5140. ‘‘ Products from the alkaline and reductive fission of the epoxide ring of methyl 
3: 4- and 2: 3-anhydro-6-deoxy-«-L-taloside and of their methylated derivatives.”’ By 
GEORGE CHARALAMBOUS and ELIZABETH PERCIVAL. 

5143. ‘‘ Nucleotides. Part XXVIII. A synthesis of uridine-5’ triphosphate (UTP). 
By G. W. Kenner, A. R. Topp, R. F. WEBB, and F. J. WEYMOUTH. 

5147. ‘‘ Heterocyclic nitrogen compounds. Part IV. Further condensations with 
aldehydic acids and diamines.”’ By (Miss) E. F. M. STEPHENSON. 

5148. ‘‘ The chemistry of the triterpenes and related compounds. Part XXIV. The 
conversion of polyporenic acid A into a lanosterol derivative.’’ By T. G. HALSALL and 
R. HODGEs. 

5164. ‘‘ The methanolysis of some acetyl derivatives of cevine.’”’ By W. J. ROSENFELDER. 

5165. “ Derivatives of 2-alkoxy-8-amino-] : 5-naphthyridines.”” By A. A. GOLDBERG, 
R. S. THEOBALD, and W. WILLIAMSON. 

5168. “‘Internuclear cyclisation. Part IX. Abnormal reactions of 2-amino-N-methyl- 
benzanilides containing ortho-substituents.”” By D. H. Hey and D. G. Turpin. 

5169. ‘‘Internuclear cyclisation. Part X. The preparation of 3: 4-benzocoumarin.” 
By R. A. HEAcock and D. H. Hey. 

5174. ‘“‘ Synthesis of 10-hydroxy-4 : 5: 6-trimethoxyaporphine.” By T. R. Govin- 
DACHARI and K. NAGARAJAN. 


”» 
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5177. ‘‘ Studies in the alicyclic series. Part I. 1-Benzoylcycloalkenes as acceptors in the 
Michael condensation.”” By DAvip GINSBURG. 

5182. “A comparison of the mechanisms of the solvolytic hydrolysis reactions of acetic 
anhydride and benzoyl chloride.’’ By V. GoLp, J. HILTON, and E. G. JEFFERSON. 

5183. ‘‘ Nitramines and nitramides. Part VII. The irreversible decomposition of 
nitroguanidine and of nitrourea by sulphuric acid.’’ By C. HoLsTEap and ALFx. H. 
LAMBERTON. 

5184. ‘“‘ The preparation and properties of some derivatives of 1-phenylpyrazole.”’ By 
I. L. Frnar and K. E. GopFREY. 

5185. ‘‘ Cyclisation of benzamido-derivatives of 1 : 1’-dianthraquinonylamine to deriv- 
atives of 1: 2-7: 8-diphthaloylearbazole.”” By WILLIAM BRADLEY and JEFFREY V. 
BUTCHER. : 

5187. ‘‘ Mesomorphism and chemical constitution. Part III. The effect of halogen sub- 
stitution on the mesomorphism of the 4-alkoxybenzoic acids.’’ By G. W. Gray and 
BRYNMOR JONES. 

5190. ‘ 12-Oxygenated pregnane derivatives. Part III. Ketals of allopregnane-12 : 20- 
diones.”’ By (Mrs.) W. J. ApAms, D. N. Kirk, D. K. PATEL, V. PETROw, and (MRs.) 
I. A. STUART-WEBB. 

5191. “ Introduction of the 1l-oxo- and the 1l1«-hydroxy-group into ring c unsubstituted 
steroids. Part IX. The epoxides of A7?+:%1)-5a-hydroxysapogenins.” By CARL 
Djerassi, A. J. LEMIn, G. ROSENKRANZ, and FRANZ SONDHEIMER. 

5192. “Chemical examination of Tylophora asthmatica. Part I.” 
DACHARI, B. R. Par, and K. NAGARAJAN. 

5196. ‘‘ Perhydroindanes. Part IV. Some 1-substituted hexahydroindanes.” By L. E. 
CoLes, W. H. LINNELL, Davip W. MATHIESON, and A. S. SHOUKRI. 

5199. ‘ Tetrazolium compounds. Part IV. C-Heterocyclic derivatives.’’ By (Miss) 
H. J. CotrreEt, D. L. Party, and R. SLACK. 

5202. ‘A theoretical investigation of the chemical reactivity of glyoxaline.’”” By I. M. 


BasseETT and R. D. Brown. 


By T. R. Govin- 


5203. ‘‘ The calculation of resonance and localisation energies in aromatic molecules.” 
By C. A. CouLson. 
5206. ‘‘ The promotion of Raney nickel catalysts.” 


T. GIBSON. 
5213. “‘ The phosphorescence spectra of naphthalene and some simple derivatives.” By 


J. Fercuson, T. IREDALE, and J. A. TAYLOR. 
5215. ‘‘ Heats of combustion and molecular structure. Part II. 


By Rosert B. BLANcE and Davip 


The mean bond energy 


term for the carbonyl system in certain ketones.’”’ By H. D. SpRINGALL and T. R. 


WHITE. 
5232. ‘‘ The elimination of non-angular alkyl groups in aromatisation reactions. Part 


III.’ By WesLEy Cocker and D. S. JENKINSON. 
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ADDITIONS TO THE LIBRARY 


I. Donations 


A. Books. 

REEs, ALBERT LLOYD GEORGE. Chemis- 
try of the defect solid state. London 1954. 
pp. vili + 136. ill. (Methuen’s Monographs 
on Chemical Subjects.) 8s. 6d. (Recd. 
8/4/54.) 

REILLY, JOSEPH, and RAE, WILLIAM 
NORMAN. Physico-chemical methods. 5th 
edition. 2 vols. London 1954. pp. ix + 760; 
vii + 800. ill. £7 10s. (Recd. 8/4/54.) 

From the Publishers : 
Messrs. Methuen & Co., Ltd. 

SHELL PETROLEUM Co., LTD. Product 
Development and Research Department. X-Ray 
diffraction patterns of lead compounds. 
Chester 1954. pp. vi+ 81. ill. (Reed. 
26/3/54.) 

From the Publishers : The Company. 


B. Pamphlets. 

Bruun, HENRIK H._ Surface balance 
‘ studies of rosin acid monolayers. Abo 1954. 
pp. lll. (From Acta Acad. Aboensis. Math. 
et Phys., 1954, 19.) 

ELEY, DANIEL DOUGLAS. Catalysis and 
the chemical bond. Notre Dame, Indiana 
(Reilly Lectures, 7.) 


1954. pp. [ii] + 46. ill. 
[Two copies. } 

RoyAL INSTITUTE OF CHEMISTRY. 
tures, Monographs, and Reports, 1954, No. 2. 


Lec- 

9 
Hydrogen peroxide. By WILLIAM STANLEY 
Woop. London [1954]. pp. [ii] + 35. ill. 
[Two copies. } 


II. By purchase 


AMERICAN SOCIETY FOR METALS. Mod- 
ern research techniques in physical metallurgy. 
A seminar . . . 1952. Cleveland 1953. pp. 
[vi] + 335. ill. The Society. $5. (Recd. 
5/4/54.) 

—— Zirconium and zirconium alloys. A 
1953. Cleveland 1953. pp. 


symposium... 
The Society. $7. (Recd. 


[iv] + 354. ill. 
25/3/54.) 
ANTIBIOTICS ANNUAL 1953—I954. Pro- 
ceedings of the symposium on antibiotics . . . 
1953. New York 1953. pp. vill + 632. ill. 
(Reference.) Medical Encyclopedia, Inc. $8. 
Born, MAX. Scientific papers presented 
to Max Born. With a bibliography. Edin- 
burgh [1953]. pp. vi+ 94. ill. Oliver & 
Boyd. 12s. 6d. (Recd. 25/3/54.) 
DoBRINER, KONRAD, KATZENELLEN- 
BOGEN, E. R., and JONES, R. NORMAN. 
In-frared absorption spectra of steroids. An 


York 1953. pp. xlv + [318]. 
Interscience. $11.50. 

EBERIUS, ERNST. Wasserbestimmung mit 
Karl-Fischer-Lésung. Weinheim 1954. 138. 
ill. (Monograph. Angew. Chem. u. Chem. 
Ing. Tech., Nr. 65.) (Reference.) Verlap’ 
Chemie. DM 12.80. 

FEIGL, FRITZ. Spot tests. 4th English 
edition. Vol. 1. Inorganic applications. 
Translated by RALPH E. OESPER. Amsterdam 
1954. pp. xii+ 518. ill. Elsevier. 45s. 
(Recd. 25/3/54.) 

Fiory, PAut J. Principles of polymer 
chemistry. Ithaca 1953. pp. xvi + 672. ill. 
Cornell Univ. Pr. $8.50. (Recd. 23/3/54.) 

HALDANE, JOHN BURDON SANDERSON. 
The biochemistry of genetics. London 1954. 
pp. 144. ill, Allen & Unwin. lds. (Recd. 
25/3/54.) 

HALL, CEciL E. Introduction to electron 
microscopy. New York 1953. pp. ix + 451. 
ill. McGraw-Hill. $9. (Recd. 25/3/54.) 

HENDERSON, P. L. Editor. Brown coal; 
its mining and utilization. Melbourne 1953. 
pp. xi + 351. ill. Melbourne Univ. Pr. 45s. 
(Recd. 25/3/54.) 

INTERNATIONAL CONGRESS OF ‘MICRO- 
BIOLOGY. 6th [Rome, September, .1953}. 
Symposium [1]. Bacterial cytology. , Rome 
1953. pp. 181. ill. (Reference.) Fondazione 
Emanuele Paterno. JL. 2000. 

—— ——— —— Symposium [2]. Microbial 
metabolism. Rome 1953. pp. 143. ill. 
(Reference.) Fondazione Emanuele Paterno. 
L. 1000. 


atlas. New 
(Reference.) 


Nutrition 
pp. 196. 
Emanuele 


Symposium [3]. 
and growth factors. Rome 1953. 
ill. (Reference.) Fondazione 

Paterno. L. 1400. 


Symposium [4]. Growth 
inhibition and chemotherapy. Rome 1953. 
pp. 142. ill. (Reference.) Fondazione 
Emanuele Paterno. L. 1000. 

Symposium [5]. Actino- 
morphology, biology and system- 
ill. (Reference.) 


mycetales : 
atics. Rome 1953. pp. 221. 
Fondazione Emanuele Paterno. L. 1600. 
Symposium [6].  Inter- 
action of viruses and cells. Rome 1953. pp. 
110. ill. Fondazione Emanuele Paterno. 
L. 1300. 


—— Symposia I1—6. Sum- 
maries. Rome 1953. pp. 191. (Reference.) 
Istituto Superiore di Sanita. L. 1350. 
LINGANE, JAMES J.  Electroanalytical 
chemistry. New York 1953. pp. ix + 448. 
ill. Interscience. $8.50. (Recd. 25/3/54.) 


MILLER, GEORGE LESLIE. Zirconium. 
London 1954. pp. xviii + 382. ill. (Metal- 
lurgy of the Rarer Elements, No. 2.) Butter- 
worths. 45s. (Recd. 5/4/54.) 

MOELLER, THERALD. Inorganic chemistry. 
An textbook. New York 1952. 
pp. ix ill. Wiley. $10. (Recd. 
25/3/54.) 

MONCRIEFF, 
fibres. 
pp xl 453. 
(Recd. 25/3/54.) 

NAISH, WILLIAM ARCHIBALD, CLENNELL, 
Joun EDWARD, and KINGswoop, VICTOR S. 
Select methods of metallurgical analysis. 2nd 
edition. London 1953. pp. xii + 600. ill. 
Chapman & Hall. 75s. (Recd. 25/3/54.) 

OSTWALD, GRETE. Wilhelm Ostwald mein 
Vater. Stuttgart 1953. pp. 290. ill. Ber- 
liner Union. DM 24. (Recd. 31/3/54.) 

PRESTON, JOHN MASSEY. Editor. Fibre 
2nd edition. Manchester 1953. 
pp. xix + 421. ill. The Textile Institute. 
40s. (Recd. 25/3/54.) 

RADLEY, JACK AUGUSTUS, and GRANT, 
JULIUS. analysis in ultra- 
violet light. London 1954. pp. 
xvi 560. ill. 52s. 6d. 
(Recd. 25/3/54.) 

RAMSEY, NORMAN F. 
New York 1953. pp. vii + 169. 
$5. (Recd. 25/3/54.) 

REPPE, WALTER.  Polyvinylpyrrolidon. 
Weinheim 1954. pp. 72. ill. (Monograph. 
Angew. Chem. u. Chem. Ing. Tech., No. 66.) 
(Reference.) Verlag Chemie. DM 9.80. 

SEABORG, GLENN T., and KATZ, JOSEPH J. 
Editors. The actinide elements. Also in- 
cluded : Index for The transuranium elements, 
Division IV, Volume 14B. New York 1954. 
pp. 870. ill. (National Nuclear 
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Arti- 
1954. 
30s. 


ROBERT WIGHTON. 
2nd edition. London 
ill. National Trade Pr. 


ficial 


science. 


Fluoroescence 
4th edition. 
Chapman & Hall. 


Nuclear moments. 
ill. Wiley. 
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Energy Series.) McGraw-Hill. $11.75. (Recd. 
5/4/54.) 

SIEBEL, ERICH. Editor. Handbuch der 
Werksotffpriifung. 2nd edition. Vol. 4. 
Papier- und Zellstoff-Prifung. Berlin 1953. 
pp. xviii + 528. ill. (Reference.) Springer. 
DM 87. 

SIGGIA, SIDNEY. 
analysis via functional groups. 
New York 1954. pp. x + 227. 
$5. (Recd. 25/3/54.) 

STANDARD AMERICAN ENCYCLOPEDIA OF 
FORMULAS. Edited by ALBERT A. HopKINs. 
New York 1953. pp. 1077. ill. (Reference.) 
Grosset & Dunlap. $3.50. 

STANDING COMMITTEE ON COMBUSTION 
SYMPOSIA. 4th symposium (international) on 
combustion (combustion and _ detonation 
waves). Baltimore 1953. pp. xx + 926. ill. 
(Reference.) Williams & Wilkins. $7. 

Stott, RICHARD WHITEFIELD.  Elec- 
tronic theory and chemical reactions. An 
elementary treatment. 3rd edition. London 
1953. pp. viii + 112. ill. Longmans. 8s. 6d. 
(Recd. 25/3/54.) 

STRANDBERG, M. W. P. Microwave spec- 
troscopy. London 1954. pp. vii+ 140. ill. 
(Methuen’s Monographs on Physical Subjects.) 
Methuen. 9s. 6d. (Recd. 25/3/54.) 

SuLLY, ARTHUR HENRY. Chromium. 
London 1954. pp. xii+ 272. ill. (Metal- 
lurgy of the Rarer Elements, No. 1.) Butter- 
worths. 35s. (Recd. 5/4/54.) 

TAYLOR, FRANK SHERWOOD. Organic 
chemistry. 5th edition. London 1953. pp. 
xi+ 612. ill. Heinemann. 16s. (Recd. 
25/3/54.) 

VARLEY, HAROLD. 
chemistry. London 
ill. Heinemann. 42s. 


Quantitative organic 
2nd edition. 
ill. Wiley. 


Practical clinical bio- 
1954. pp. vii 
(Recd. 25/3/54.) 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the death of the following Fellows : 
Elected. Died. 


William Spencer Fones (Bethesda) .............. July 16th, 1951. May 11th, 1954. 


Charles Robert Sydney Tenniswood (Kampala) Feb. 31st, 1935. May, 1954. 


The date of death of Mr. J. W. Napier was incorrectly reported in the May Pro- 
ceedings. This should read December 16th, 1953. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows 
who completed 50 years of Fellowship on June 15th, 1954 : 


Rudolf Lessing (W.8). 
Frank Harold Lowe (Claygate). 


ELECTION OF NEW FELLOWS. 
The following 46 candidates were elected Fellows of the Society on June 4th, 1954 : 


Frank Vernon Allan. Brian Maurice Lynch. 

John Christopher Ball. John Francis Matthews. 
Evan Yves Baltazzi. Dana Walker Mayo. 

Judith Valerie Benoliel. Jerry Blair Miller. 

Kenneth Edwin Bett. Tapan Kumar Mukherjee. 
John Kenneth Brown. Robert J]. Myers. 

Norman Brudney. Christine Pearl Phillips, 
Donald Albert Buyske. Barbara Mary Gladwin Pratt. 
Robert Joel Campaign. Cyril Yarwood Reed. 

Luigi Chierici. Reed Ferrar Riley. 

Kenneth Clarke. Thomas Hunton Rogers. 
Edward Walter Crunden. Wolfgang Hermann Fritz Sasse. 
Julian Edmund Davies. John Robert Seemuller. 
Remo de Fazi. Robert Alfred Shaw. 
Giuseppe Del Re. Arnold Shepherd. 

Robert Emmott. William Roy Smith. 
Lawrence Fishbein. Marianne Helen Thomson. 
Roger Anthony Ford. Raymond Eric Thornton. 
[an Pearce Jones. Richard Ferrer Timoney. 
Philip Bernard Koch. Colin Francis Tippett. 
Gerhard Wilhelm Frederic Kroll. Eric Frank Wettern. 
Christopher Noel Lammiman. James Stockwell Whittaker. 
Bronislawa Celina Landau. Jean Mary Wilkins. 


LIFE FELLOWSHIP. 
The Council has had under consideration the effect on Life Fellows of the Society of the 
Subscription arrangements for 1955. It has been agreed : 


(a) That those Fellows who had paid a Life Composition Fee to the Society before 
April 2nd, 1954, should, for the remainder of their lives, be entitled to all the privileges 
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of Fellowship of the Society, including the receipt of the Journal or other publications 
of equivalent value as determined by Council. 

(6) That the subscription of every Fellow should automatically be remitted by the 
Council on completion of forty years of Fellowship. The right to purchase public- 
ations at the schedule prices will be retained. 

(c) The following scale of Life Composition Fees was approved for 1955. The Fees 
cover the privileges of Fellowship, but carry no entitlement to publications, other 
than the Proceedings. 


LIFE COMPOSITION FEES 1955. 
Age at time 


of payment of Duration of Fellowship in years prior to payment of Life Composition Fee 


Life Composi- Less 36 and 


tion Fee than 10 10 
L é 


20 2! Z ‘ over 


1 
ZL £ 
Under 25 50 = 
25—29 48 — 
30—34 46 ass 
35—39 44 40 
40—44 42 38 
45—49 40 3§ 35 — 
50—54 37 33 20 14 
55—59 34 31 19 13 
60 and over 30 30 18 12 
Fellows whose duration of Fellowship lies between the periods given in the table 
above pay the composition fee for the next shorter Fellowship-duration mentioned 
or, if to their advantage, may compound with a sum equal to the fee for the next 
longer Fellowship-duration given plus one or more times the annual subscription of 
Two Guineas, as may be appropriate, 7.e., 
A Fellow aged 55—59 with 26 years Fellowship pays £24 (as for 25 years). 
A Fellow aged 55—59 with 29 years Fellowship pays £21 2s. (£19 + £2 2s.). 
A Fellow aged 55—59 with 28 years Fellowship pays £23 4s. (£19 + £4 4s.). 


SCIENTIFIC MEETINGS. 


The following dates of Scientific Meetings during the Session 1954—1955 have been 
approved by the Council : 
1954 1955 
Thursday, October 14th. Thursday, January 20th. 
Thursday, November 4th. Thursday, February 3rd. 
Thursday, November 18th. Thursday, February 17th. 
Thursday, December 2nd. Thursday, March 17th. 
Thursday, December 16th. Thursday, May 5th. 
Thursday, June 2nd, 


The Anniversary Meetings will be held in London on March 30th and 31st, and April Ist, 
1955. 


LIBRARY. 

Fellows are reminded that, from July 16th until September 30th, 1954, the Library will 
be open from 10 a.m. to 5 p.m. daily, except during the fortnight August 2nd to 14th in- 
clusive, when it will be closed for revision and cleaning. 


QUARTERLY REVIEWS. 
Quarterly Reviews, Vol. VIII, No. 2, will contain the following articles : 
‘““ Some reactions of inorganic iodine compounds,”’ by K. J. Morgan. 
‘ Olefin oxidation,’ by L. Bateman. 
‘ The structure of the ergot alkaloids,” by A. L. Glenn. 
‘“ Intermolecular forces and some properties of matter,” by J. S. Rowlinson. 


67 


It is expected that forthcoming issues will contain the following articles : 


‘ The mechanism of catalytic hydrogenation and related reactions,”’ by G. C. Bond. 

‘“ Dielectric absorption,’ by Mansel Davies. 

‘“ Tsotopic exchange between different oxidation states in aqueous solution,”’ by 
C. B. Amphlett. 

‘ Charge-transfer spectra and some related phenomena,” by L. E. Orgel. 


CORDAY-MORGAN MEDAL AND PRIZE. 

The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary Prize 
of 150 Guineas, is awarded annually to the chemist of either sex and of British Nationality, 
who, in the judgment of the Council of the Chemical Society, shall have published during 
the year in question the most meritorious contribution to experimental chemistry, and who 
shall not, at the date of publication, have attained the age of thirty-six years. The Council 
has power to suspend the award in any year in which no suitable candidate presents himself 
or is brought to the notice of the Council. 

Copies of the rules governing the award may be obtained from the General Secretary. 
Applications or recommendations in respect of the award for the year 1953 must be re- 
ceived not later than December 31st, 1954, and applications for the award for 1954 are due 
before the end of 1955. 


VAN’T HOFF FUND. 

The Committee of the Van’t Hoff Fund for the endowment of investigations in the field 
of pure and applied chemistry invites applications for grants from the fund. 

The amount available for 1955 is about 1200 Dutch guilders, and applications should be 
sent by registered post to Het Bestuur der Koninklijke Nederlandse Academie voor Weten- 
scheppen, bestemd voor de Commissie van het ‘‘ Van’t Hoff Fonds,’’ Trippenhuis, Kloven- 
iersburgwal 29, Amsterdam, before November Ist, 1954. Applicants must state the amount 
of the grant desired and the purpose for which it is required. 


INTERNATIONAL UNION OF CHEMISTRY—CONFERENCE ON INORGANIC 

CHEMISTRY. 

Under the auspices of the International Union of Chemistry, a Conference on Inorganic 
Chemistry will be held at Miinster from September 3rd to 5th, 1954. It will be specially 
devoted to the study of the problems appertaining to silicon (with the exception of silicates 
and silicones), phosphates, and compounds of sulphur. Fellows wishing to take part should 
communicate with the Secretary of the Inorganic Chemistry Section of the Union, Professor 
J. Benard, 11, Rue Pierre Curie, Paris, France. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held at Burlington House, on Thursday, May 6th, 1954, at 7.30 p.m. 


The President, PROFESSOR W. WARDLAW, (.B.E., D.Sc., F.R.I.C., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meetings held at Burlington House on March 25th, at the 
University of Manchester on April Ist, and at the University of Edinburgh on April 27th, 


were read, and were confirmed and signed. 
* 
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FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: J. Roy Davidson, T. F. Grey, 
Roger Brettle, A. G. Jacklin, T. A. Richards, A. A. Webb, M. M. Gaile, A. Wilkinson, F. 
David Morgan, D. G. Hardy, Peter Jackson, R. E. Snell, A. M. Parsons, John Hannah. 


CENTENARY LECTURE. 


The President called upon Dr. R. H. Manske to deliver the Centenary Lecture entitled 
‘The Story of the zsoQuinoline Alkaloids.” At the conclusion of the lecture a vote of 
thanks to Dr. Manske, proposed by Sir Robert Robinson, was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honora? 
Secretaries within ten days of the date of publication of the Journal for June, 1954. Such objection will be 
treated as confidential. The forms of application are available in the Library.) 


Bagnall, Kenneth Winfield, Ph.D. (Lond.). British. Ridgeway House, Harwell, Nr. Didcot, Berks. 
Chemical Research. Signed by: J. K. Dawson, F. Hudswell, R. Spence. 

*Brookes, Peter, B.Sc. (Birm.). British. 17, Sefton Paddock, Stoke Poges, Bucks. Research Chemist. 
Signed by: J. Walker, P. A. Robins, R. K. Callow. 

*Carrington, Alan. British. 72, Blanmerle Road, New Eltham, S.E.9. Chemistry Student at South 
ampton University. Signed by: N. B. Chapman, K. R. Webb, E. Cartmell. 

Cort, Leslie Arthur, B.Sc. (Liv.). British. 171, Kingshill Avenue, Worcester Park, Surrey. Lecture: 
at Battersea Polytechnic. Signed by: J. Simes, A. McGookin, J. S. E. Holker. 

Crick, Joan, M.Sc. (Manc.)._ British. 38, Weybourne Road, Aldershot, Hants. Biochemist at Research 
Institute, Pirbright, Surrey. Signed by: G. R. Barker, B. J. Lovell 

Dressler, Hans, A.M. and Ph.D. (Columbia). Austrian. Mellon Institute, 4400 Fifth Avenue, Pitt: 
burgh, Pennsylvania, U.S.A. Research Chemist. Signed by: A. A. Blumberg, A. J. Cohen, W. A 
Hamor. 

*Finch, Anthony Charles Martin. British. 29, Whitehill Road, Gravesend, Kent. Student at Bristol 
University. Signed by: F.H. Pollard, W. D. Ollis, W. Baker. 

*Gallagher, Katherine Mary Wynne, Ph.D. (N.U.I.). Irish. 8, Rodney Place, Clifton, Bristol. Re 
search Work. Signed by: F.H. Pollard, E. R. Sayer, J. F. W. McOmie. 

*Gatehouse, Bryan Michael Kenneth, B.Sc. (Tasmania). British. School of Applied Chemistry, N.S.W. 
University of Technology, Broadway, N.S.W., Australia. Research Fellow. Signed by: R. S. 
Nyholm, R. J. Irving, L. N. Short. 

*Gibson, John Anderson, A.R.I.C. British. 8, Meadow Road, Bents. Stoneyburn, West Lothian. 
Research Student at Heriot-Watt College, Edinburgh. Signed by: R.G. M. Dakers, F. Bell, T. R. 
Bolam. 

*Goldm=:u, Irving M., A.B. (Cornell). American. Room 2-315, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, U.S.A. Graduate Student. Signed by: J. R. Johnson, W. T. Miller, 
D. D. Phillips. 

Guzman-Giménez, Ginés, Dr. en Ciencias (Madrid). Spanish. The Dyson Perrins Laboratory, South 
Parks Road, Oxford. Senior Research Student at Oxford University. Signed by: K. F. Jennings, 
H. Smith, R. H. Jaeger. 

*Harris, Ralph Tarley, B.Sc. (Cape Town). Sourh African 14, Neville Terrace, London, S.W.7 
Student at Imperial College. Signed by: K. E. Weale, D. M. Newitt, G. J. Minkoff. 

Haworth, George Henry. British. 4, Elms Road, Bare, Morecambe, Lancs. Schoolmaster. Signed 
by: C. G. Childs, A. Rushton, E. H. Roberts. 

*Hill, Patricia Anne. British. c/o Mrs. Clift, 57, Avon Road, Bitterne Park, Southampton, Hants. 
Student. Signed by: N. B. Chapman, G. W. A. Fowles, I. G. M. Campbell 

*James, David Read, B.Sc. (Wales). British. 58, Regent Street, Treorchy, Rhondda, Glam Post 
graduate research. Signed by: K. W. Sykes, E. E. Avling, R. H. Davies. 

*Lancaster, James Arthur. British. 94, Miller Road, Preston, Lancs. Student at Manchester Univer 
sity. Signed by: H. N. Rydon, G. Baddeley, G. Holt. 

*Poole, John Brian. British. 154, Birkin Avenue, Hyson Green, Nottingham. Undergraduate at 
Keble College, Oxford. Signed by: P.H. Carter, D. A. Long, H. Irving. 

Powell, Edgar Wyndham, M.A. (Oxon.), A.R.I.C._ British. 44, Wood Waye, Oxhey, Watford, Herts 
Senior Research Chemist at County Perfumery Co. Ltd. Signed by: W. W. Myddleton, K. G. 
Johnson, R. H. Marriott. : 

*Selleck, Michael, B.Sc. (Lond.). British. 13, Lynwood Avenue, Egham, Surrey. Postgraduate 
Research Student. Signed by: D. Harrison, G. T. Brooks, C. M. French. 
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*Smillie, Mary Martin, M.Sc. (New Zealand). British. 549 Barbadoes Street, Christchurch, New 
Zealand. Chemist. Signed by: J. Packer, J. Vaughan, C. J. Wilkins. 

*Undheim, Kjell, Norwegian. Skuane, Sandnes, Norway. Student at University of Manchester. 
Signed by: H. N. Rydon, G. Baddeley, G. Holt. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Bell, Helen Jean, M.A. (Toronto), Ph.D. (Saskatchewan). Canadian. 409, Clarence Avenue North, 
Saskatoon, Saskatchewan, Canada. Research Associate at Saskatchewan University. Signed by: 
A. C. Neish. 

Christman, David Robert, B.Sc. (Ohio), D.Sc. (Carnegie Inst. of Tech.). American. Chemistry Depart- 
ment, Brookhaven National Laboratory, Upton, Long Island, New York. U.S.A. Associate 
Chemist. Signed by: A. P. Wolf. 

Hankes, Lawrence Valentine, B.A. (De Pauw Univ.), M.Sc. (Michigan), Ph.D. (Wisconsin.) American. 
Brookhaven National Laboratory, Upton, New York, U.S.A. Scientist. Signed by: L. S. 
Ciereszko. 

Hendriks, Hendrik, M.Sc. (Amsterdam). Dutch. Schermerstraat 37, Nieuwendam, Amsterdam (N), 
Holland. Assistant Director of the Laboratory of Organic Chemistry at Municipal University of 
Amsterdam. Signed by: F.L. J. Sixma. 

*Millich, Frank, B.Sc. (New York). American. 188, Wyckoff Avenue, Brooklyn 37, New York City, 
New York, U.S.A. Research Chemist. Signed by: E. I. Becker. 

*Narayan, Elavally. Indian. Kalyanalayam, Parapanangadi, South Malabar, South India. Junior 
Chemist at Vegetable Soap Works, Calicut. Signed by: K. Verghese. 

*Patchett, Arthur Allan, B.A. (Princeton). American. 19, Conant Hall, Harvard University, Cambridge 
38, Massachusetts, U.S.A. Student. Signed by: P. Smith. 

*Weber, Harold Simon, B.S. (Illinois). American. 166, Noyes Laboratory, University of Illinois, 
Urbana, TIlinois, U.S.A. Student. Signed by D. Y. Curtin. 


* Reduced annual subscription. 


PAPERS ACCEPTED FOR PUBLICATIONS 


(List of Papers accepted for publication between April 27th and May 24th, 1954.) 


Numbers quoted are “‘ Reprint Order Numbers.”’ Reprints may be ordered from the 
list below, or from the published Journal (January, 1954, onwards). Orders must be sent 
to the General Secretary accompanied by a remittance for 5s. for each reprint, or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, price 
10s. per book of five vouchers, available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow 
containing 30 reprint vouchers at £1 10s. per book. 


4946. ‘‘ The heats of formation in the vapour phase of diacetyl and of benzyl methyl 
ketone.” By G. R. Nicnotson, M. Szwarc, and J. WATSON TAYLOR, 

5064. ‘‘ The reaction velocity of some unsubstituted o- and p-chloronitrobenzenes with 
piperidine.” By Jorce A. BrrEUxX and VENANCIO DEULOFEU. 

5076. ‘The pyrolysis of chloroalkenes. Part I. Allyl chloride.’” By (Miss) A. M. 
GOoDALL and K. E. Howterr. 

5077. ‘‘ The pyrolysis of chloroalkenes. Part II. Trichloroethylene.’’ By (Miss) A. M. 
GoopaLt and K. E. How err. 

5098. ‘‘ Butadienes and related compounds. Part II. Factors affecting the conversion of 
asymmetric di-4-substituted phenylethylenes on bromination into 1 : 1: 4 : 4-tetra-aryl- 
buta-1 : 3-dienes.””. By WADIE TADROS. 
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5170.‘ The relation between configuration and conjugation in diphenyl derivatives. 
Part IV. The dipole moments of the 2: 2’-dihalogeno- and 2: 2’- and 8 : 3’-dinitro- 
diphenyls.”” By A. C. LITTLEJOHN and J. W. Situ. 
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5219. ‘‘ Constitution and stereochemistry of the kamlolenic acids.” By L. CROMBIE and 
J. L. TAYLER. 

5221. ‘ The cyclisation of some substituted phenylsuccinic acids.’’ By V. ASKAM and 
W. H. LINNELL. 

“Conjugated, macrocycles. Part XXV.  Cross-conjugated macrocycles with 
inner great rings of 16, 20, and 24 atoms.”’ By P. F. CLark, J. A. ELvincE, and R. P. 
LINSTEAD. 
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5224. ‘‘ The rearrangement of some N-substituted hydrazobenzenes.”” By G. R. CLEMO 
and T. B. LEE. 

5226. ‘‘Triterpenoids. Part XVIII. The constitutions of phyllanthol and cycloartenol.”’ 
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‘The synthesis of progesterone and related compounds.”’ By A. F. DAGLIsH, 
GREEN, and V. D. Poote. 

5263. ‘Preparation of phenothiazine derivatives as possible anthelmintics.” By 
ALEXANDER MACKIE and A. ANTHONY CUTLER. 

5264. “Interaction of polynitro-compounds with aromatic hydrocarbons and _ bases. 
Part XII. Complexes of N-alkylated anilines with s-trinitrobenzene and _s-trinitro- 
toluene.”’ By R. Foster and D. Li. HAMMICcK. 

5267. ‘ The freezing point of pure naphthalene.” By E. F. G. HEerineton, A. B. 
DENSHAM, and P. J. MALDEN. 
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CLEMO, and G. A. SWAN. 
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diarylthiophens and 2 : 4-diarylselenophens from anils of alkyl aryl ketones.’”’ By P. 
DEMERSEMAN, NG. Pu. Buu-Hoi, R. Rover, and ANDREE CHEUTIN. 
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SCHWARZ. 
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J. M. TEDDER. 
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5285. ‘‘Griseofulvin. Part 1X. Isolation of the bromo-analogue from Penicillium griseo- 
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JoHN HONEYMAN, and W. J. PEAL. 


5325, “ Synthetic oestrogens.””’ By J. GRUNDY, 


ADDITIONS TO THE 


I. Donations 
A. Books 
CLAYTON, WILLIAM. The theory of emul 
sions and their technical treatment. 5th 
edition. By Cyrit GoRDON SUMNER. Lon 
don 1954. pp. vili + 669. ill. Churchill. 
72s. (Recd. 3/5/54.) 
From Dr. C. G. Sumner 
FARADAY SOCIETY. The first fifty years, 
1903—1953. London 1954. pp. xv + 86. 
ill. The Society. (Recd. 6/5/54.) 
From the Secretary, The Faraday Society. 
FINDLAY, ALEXANDER. Practical physical 
chemistry. 8th edition. Revised and edited 
by JosepH ALFRED KITCHENER. London 
1954. pp. xiii + 364. ill. Longmans. 18s. 
(Recd. 17/5/54.) From Dr. J. A. Kitchener. 
NORTH ATLANTIC TREATY ORGANIZATION. 
Advisory Group for Aeronautical Research and 
Development. Selected combustion problems. 
Fundamentals ana aeronautical applications 
Combustion colloquium. Cambridge... 1953. 
London 1954. pp. vili + 534. ill. Butter- 
worths. (Recd. 26/4/54.) 
From the Ministry of Supply. 
MAURICE. Fractionnements 
Paris 1954. pp. 152. ill. 
1600 fr. (Recd. 26/4/54.) 
From Bourbon Products, Ltd 
VOGEL, ARTHUR ISRAEL. A text-book of 
macro and semimicro qualitative inorganic 
analysis. 4th edition. London 1954. pp. 
663. ill. (Recd. 19/5/54.) 
From the Publishers : 
Messrs. Longmans, Green & Co., Ltd. 


VIGNERON, 
par solvants. 
Vigot Fréres. 


xv 4+ 22s. 


B. Pamphlets 


Analisis quimico cuantita- 


CARLOS, JUAN. 
tivo de los detergentes sintéticos anionicos. 


Buenos Aires 1954. pp. 8. [From Color 

{7TEA), 1953. 

OLIVER, W. H. The effect of carbon di 
oxide pressure on a bacterial decarboxylase 
system. [London 1953.] pp. [7]. 

TIN RESEARCH INSTITUTE. The properties 
of tin. Greenford 1954. pp. 55. 

U.S. Department of Commerce 
Bureau of Standards. Circular 523 
transfer in hot gases. Washington, D.C 


126. ill. 


National 
Energy 
1954 
pp iv 

Circular 527. Electron 
physics Proceedings of the NBS 
centennial symposium on electron physics, 
held 1951. Washington, D.C. 1954 
pp. iv + 416. ill. 


seml- 


LIBRARY 


II. By purchase 


AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS. 1950 book of A.S.T.M. methods for 
chemical analysis of metals. Philadelphia 
1950. pp. x-+ 476. ill. (Reference.) 
A.S.T.M. $6.50. 

—— Symposium on chemical analysis of 
inorganic solids by means of the mass spectro 
meter. Philadelphia 1953. pp. [iv] + 35. 
ill. (Reference.) A.S.T.M. $1.25. 

BAILLEUL, G. [and others]. Aktive Kohle 
und ihre industrielle Verwendung. 3rd edition. 
Stuttgart 1953. pp. 143. ill, Enke. DM 
19.60. (Recd. 5/5/54.) 

CONFERENCE ON PROTEIN METABOLISM, 
9th. Bureau of Biological Research, Rutgers 
University .. . January 30—31, 1953. Some 
conjugated proteins. A symposium. Edited 
by WiLiiAM H. Cote. New Brunswick, N.]J. 
1953. pp. vii + 73. ill. (Reference.) Rutgers 
Univ. Pr. $1.75. 

CONNECTICUT AGRICULTURAL 
MENT STATION. Bulletin 442. Chemical 
investigations of the tobacco plant. VIII. 
The effect upon the composition of the tobacco 
plant of the form in which nitrogen is supplied 
By HuBERT BRADFORD VICKERY [and others 
New Haven 1940. pp. [iv] + [54]. ill. 

EMMETT, Paut H. Editor. Catalysis 
Vol. 1. Fundamental principles (part 1 
New York 1954. pp. vi+ 394. ill. Rein- 
hold. $10. (Recd. 24/5/54.) 

GESELLSCHAFT DEUTSCHER 
E.V. Fachgruppe Wasserchemie. Deutsche 
Einheitsverfahren zur Wasser-, Abwasser-, 
und Schlammuntersuchung; physikalische, 
chemische und bakteriologische Verfahren. 
Edited by Lupwic-WERNER HAASE. Wein- 
1954. pp. 180. (Reference.) Verlag 
Chemie. DM 12.40. 

HARTOUGH, HowarpD D., and MEISEL, 
S. L. Compounds with condensed thiophene 
rings. New York 1954. pp. xv 
(The Chemistry of the Heterocyclic Com 
Interscience. $16.50. (Recd 


EXPERI- 


CHEMIKER 


heim 


515 


pounds. ) 
11/5/54.) 
JELLINEK, PAUL. The practice of modern 
perfumery. Translated and revised by A. J 
KRAJKEMAN. London 1954. pp. x + 219 
ill. Leonard Hill. 25s. (Recd. 28/4/54.) 
LEYBOLD POLAROGRAPHISCHE BERICHTE. 
Vol. 2, No. 1, etc. K6ln 1954-+-. (Reference 
Staufen-Verlag. DM 18.50 per annum. 
Moore, WALTER J. Physical chemistry. 
3rd edition. New York 1950. pp. vii + 592. 
ill. Prentice-Hall. $7.50. (Recd. 11/5/54.) 


ToBoL_sky, ARTHUR V., and MESROBIAN, 
ROBERT B. Organic peroxides; their chemis- 
try, decomposition, and réle in polymerization. 
New York 1954. pp. x + 197. ill. Inter- 
science. $5.50. (Recd. 5/5/54.) 


74 


WAKSMAN, SELMAN A., and _ LECHE- 
VALIER, HUBERT A. Guide to the classification 
and identification of the actinomycetes and 
their antibiotics. Baltimore 1953. pp. vii 
246. (Reference.) Williams & Wilkins. $5. 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 
Australia. 
Birmingham. 
Bristol. 
Cambridge. 
Canada. 
Ceylon. 
Edinburgh. 
Exeter. 
Glasgow. 


Hull. 
India. 


Irish Republic. 


Leeds. 
Liverpool. 
Manchester. 


” 


Newcastle and 
Durham. 


New Zealand. 


Northern Ireland. 


North Wales. 
Nottingham. 
Oxford. 


Pakistan. 


St. Andrews and 


Dundee. 
Sheffield. 


South Africa. 
Southampton. 


South Wales. 


R. H. Thomson, Ph.D., F.R.I.C., Chemistry Department, The University, Old 
Aberdeen. 

Professor A. J. Birch, M.Sc., D.Phil., Department of Organic Chemistry, The 
University, Sydney, N.S.W., Australia. 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

R. N. Haszeldine, B.Sc., Ph.D., University Chemical Laboratory, Pembroke 
Street, Cambridge. 

W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian Breweries 
Ltd., 496, Queen Street East, Toronto, 2, Canada. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.I.C., Department of Chemistry, 
The University, Colombo, Ceylon. 

T. R. Bolam, D.Sc., Chemistry Department, King’s Buildings, West Mains 
Road, Edinburgh. 

K. Schofield, B.Sc., Ph.D., Department of Chemistry, Washington Singer 
Laboratories, Prince of Wales’ Road, Exeter. 

F. D. Gunstone, B.Sc., Ph.D., Chemistry Department, The University, 
Glasgow, W.2. 

W. B. Orr, D.Sc., Ph.D., Chemistry Department, University College, Hull. 

Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Secretary, Ministry of 
Natural Resources and Scientific Research, New Delhi, India. 

D. O’Tuama, M.Sc., Medical Research Council of Ireland, The Laboratories, 
Trinity College, Dublin. 

E. Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.R.I.C., Imperial Chemical Industries, Ltd., 
Research Department, Widnes Laboratory, Widnes. 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 

G. A. Swan, B.Sc., Ph.D, F.R.I.C., Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

R. G. R. Bacon, Ph.D., A.R.C.S., Chemistry Department, 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

C. C. Addison, D.Sc., Ph.D., F.R.1.C., Chemistry Department, The University, 
University Park, Nottingham. 

H. M. N. H. Irving, M.A., D.Phil., F.R.I.C., 
Laboratory, South Parks Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 

H. T. Openshaw, M.A., D.Phil., Chemistry Department, United College, 
St. Andrews. 

H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 

N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 

K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 


Queen’s 


Inorganic Chemistry 


July, 1954 


PROCEEDINGS 
OF THE 


CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 
CONGRATULATIONS—BIRTHDAY HONOURS LIST. 


The President has conveyed the congratulations of the Society to the following Fellows 
whose names appear in the Birthday Honours List for 1954. 


Knight Bachelor 
Alexander Robertus Todd (Cambridge). 
C.B.E. 
Harold Davies (Harrow Weald). 
Walter Idris Jones (London). 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by 
the Council, are informed that reports must be received by the Society not later than 
November Ist, 1954. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November 15th, 1954. Applications from Fellows will 
receive prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
inorganic and metallurgical chemistry, and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


ACKNOWLEDGMENTS. 
Acknowledgment is made of gifts of the Society’s publications from Dr. S. H. Collins 
and Dr. W. R. Bulcraig. 


LOCAL REPRESENTATIVES. 

The Council has accepted with regret the resignation of Dr. H. T. Openshaw as Local 
Representative for St. Andrews and Dundee, and has appointed Dr. C. Horrex as his 
successor. 


JOINT SUBSCRIPTION SCHEME. 


The Chemical Council announces the cessation of the Joint Subscription Scheme at the 
end of 1954. 

It will be remembered that the scheme was instituted to afford those who were members 
at least of both the Chemical Society and the Society of Chemical Industry the opportunity 
of paying one subscription only which was somewhat less than the sum of the separate sub- 
scriptions to the several Societies to which they belonged. It also gave a choice of pub- 
lications which, though less than the full range offered by the Societies, none the less satis- 
fied the needs of many who were members of Societies participating in the Scheme. 
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However, a subscriber who required publications in excess by more than £1 of the basic 
entitlement under the Scheme derived no benefit, and, moreover, all benefits have been 
much lessened by the rising cost of publication during the last few years. 

From January Ist, 1955, the subscription structures of the Chemical Society and the 
Society of Chemical Industry, membership of both of which was essential for participation 
in the Scheme, will become radically different, the Chemical Society having decided to alter 
its subscription to a basic one of £2 2s. without entitlement to any publications other than 
its Proceedings. The continued operation of the Scheme is thus rendered impracticable. 

It will therefore be necessary for members who have been Joint Subscribers to pay their 
subscriptions in 1955 individually to the various Societies to which they belong; and 
separate subscription-renewal forms will be issued by each Society. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on Thursday, June 3rd, 1954, at 7.30 p.m. 
S1R JOHN SIMONSEN, D.Sc., F.R.S., Vice-President, was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on May 6th, 1954, were 
read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society : Walter M. Lauer, Philip H. Carter, 


J. D. A. Hutchings, Hansford I. Narain, B. P. Griffin, G. Lowe, R. Bonnett, Kazuo Saito, 
K. B. L. Mather, J. U. Shah. 


HUDSON MEMORIAL LECTURE. 


The Chairman called upon Professor E. L. Hirst, D.Sc., F.R.S., to deliver the Claude 
Silbert Hudson Memorial Lecture. At the conclusion of the Lecture a vote of thanks to 
Professor Hirst, proposed by Dr. V. C. Barry, was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for July, 1954. Such objection will be 
treated as confidential. The forms of application are available in the Library.) 


Allen, Kenneth Alfred, M.Sc. (N.Z.), A.R.I.C. British. 111 Gordon Avenue, Hamilton, N.S.W., 
Australia. Lecturer at Newcastle University College of Technology, New South Wales. Signed by : 
A. E. Alexander, G. W. K. Cavill, E. J. Dunstan. 

*Ashby, John Francis. British. 23 North Road, Ross on Wye, Herefordshire. Research Assistant at 
H. W. Carter and Co. Ltd., Coleford, Glos. Signed by : W. W. Reed, J. N. Counsell, F. Drabble. 

*Bailey, Howard Ray, B.Sc. (Lond.). British. 211 Bellingham Road, Catford, London, S.E.6. 
Research Chemist. Signed by : J. Forrest, O. Stephenson. 

*Bigley, David Bernard. British. 60 Manor Road, Barnet, Herts. Student at Brasenose College, 
Oxford. Signed by : H. Irving, D. H. Mellor, J. A. Barltrop. 

*Bird, Clive Wilfred. British. 10 Beverley Gardens, Hornchurch, Essex. Student. Signed by: 
J. A. Elvidge, Margaret Whalley. 

*Borer, Keith. British. Hotel Riposo, Bexhill-on-Sea, Sussex. Undergraduate at Keble College, 
Oxford. Signed by : H, Irving, J. D. A. Hutchings, D. A. Long. 

Chopard-Dit-Jean, Lucien Henri, Ing.Chem., and Dr.Sc.Tech. (Zurich). Swiss. St. Jakobsstr. 71, 
Muttenz B.L., Switzerland. Physical Chemist at F. Hoffman-La Roche Inc., Basle. Signed by : 
O. Isler-Stickelberger, R. Silberschmidt. 
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Danzig, Morris J., M.S. (Miami), Ph.D.(Tulane). American. Box 38, Department of Chemistry, Univer- 
sity of Minnesota, Minneapolis, Minn., U.S.A. Fellow at University of Minnesota. Signed by : 
J. W. Heberling, 5S. W. Fenton, R. T. Arnold. 

*Fairhurst, Arthur. British. 44 Wargrave Road, Newton-le-Willows, Lancs. Student at Birmingham 
University. Signed by : J. C. Tatlow, J. A. Gascoigne, E. J. Bourne. 

Goodearl, John Shirley, B.A. (Cantab.). British. Sunny Patch, New Road, Bourne End, Bucks. 
Literature Chemist. Signed by : E. J. Chappel, R. G. Stuart. 

Hadzi, Dusan, Dr.Sc. (Ljubljana). Yugoslav. 4 Veselova ul., Ljubljana, Yugoslavia. University 
Lecturer. Signed by : N. Shepperd, D. M. Agar, P. Johnson. 

Heath, Dennis Frederick, M.A. and D.Phil. (Oxon.). British. 192 Stanley Park Road, Carshalton, 
Surrey. Research Chemist. Signed by : A. G. Maddock, Annie M. Brown, R. J. Davis. 

Herzberg, Samuel, M.D. (Amsterdam). Dutch. Weesperstr 413, Amsterdam, Holland. Chief Assistant 
in Laboratory of Organic Chemistry at University of Amsterdam. Signed by : H. C. Beyerman, 
F. L. J.. Sima. 

*Hill, Roger Leonard. British. The Flat, Bourne Valley Gasworks, Bournemouth West. Student. 
Signed by : N. B. Chapman, I. G. M. Campbell, E. A. S. Cavell. 

*Lawton, Valerie Devorah, B.Sc. (Lond.). British. 98 Park West, Edgware Road, London, W.2. 
Research Student. Signed by : A. Lawson, J. Roy Powell. 

*Levi, Stanley David, B.Sc. (Manc.). British. 4 Shirley Road, Manchester 8. Pharmacist. Signed by : 
M. R. Harris, A. V. Mercer, J. S. H. Davies. 

Lyner, Fielding, B.Sc. (Lond.). British. 98 Letchworth Road, Leicester. Senior Designer and Tech- 
nician at Messrs. Hill and Herbert, Ltd. Leicester. Signed by: S. B. Bratley, L. Hunter, C. Eaborn. 

*McLean, Ian Stuart. British. 94 Melbreck Road, Allerton, Liverpool, 18. Student at Liverpool 
University. Signed by : A. McGookin, F. M. Dean, R. J. S. Beer. 

*Meredith, Rupert Frederick Keith, M.Sc. (Wales, A.R.I.C. British. 51 Hart Road, Erdington, 
Birmingham 24. Research and Development Chemist at Dunlop Special Products, Ltd. Signed 
by : C. W. Shoppee, E. E. Ayling. 

Patai, Saul, M.Sc. and Ph.D. (Jerusalem). Israeli. Department of Organic Chemistry, The Hebrew 
University, Jerusalem, Israel. Lecturer. Signed by : H. J. G. Hayman, A. Glasner, M. Bobtelsky. 

Reid, David Herald, Ph.D. (Edinburgh). British. Chemistry Department, The University, King’s 
Buildings, West Mains Road, Edinburgh. Assistant in Chemistry Department at Edinburgh 
University. Signed by : Neil Campbell, E. L. Hirst, G. O. Aspinall. 

*Robertson, Alexander Victor, M.Sc. (Melbourne). British. St. Andrews’ College, Newtown, Sydney, 
N.S.W., Australia. Research Student. Signed by : W. Bottomley, D. Willis. 

*Simpson, Colin Frederick. British. 114 Overcliffe Drive, Southbourne, Bournemouth, Hants. Stu- 
dent. Signed by : N. B. Chapman, I. G. M. Campbell, E. A. S. Cavell. 

*Staveley, Christopher Michael, B.A. (Oxon.). British. 65 Carlton Hill, London, N.W.8. Advanced 
Student. Signed by : J.C. Smith, S. G. P. Plant, M. L. Tomlinson. 

*§tephen, William Irvine, B.Sc. (Aberd.), Ph.D. (Birm.), A.R.I.C. British. Services Electronics Re- 
search Laboratory, Admiralty, Harlow, Essex. Scientific Officer, Royal Naval Scientific Service. 
Signed by ; R. Belcher, J. C. Tatlow, W. G. Overend. 

*Townsend, Peter Charles. British. 4 Kingswood Road, Watford, Hertfordshire. Student. Signed 
by : J. F. J. Dippy, J. F. McGhie. 

Turner, Daniel Lamb, M.A. (Toronto), Ph.D. (Penna.). American. Jefferson Medical College, 1025 
Walnut Street, Philadelphia, Pa., U.S.A. Research Chemist. Signed by : S. F. MacDonald, I. D. 
Spenser, R. J. Stedman. 

*Tutt, Derek Edward, B.Sc. (Lond.), A.R.I.C. British. 22 Dorset Street, London, W.1. Chief Chemist, 
at Messrs. Day, Son and Hewitt, Ltd., London, W.1. Signed by : R. G. Minor, C. T. Ashton, 
D. Pearson. 

*Vicary, Pauline Rose Helen, B.Sc. (Nott.). British. 26 Church Lane, Hornsey, London, N.8. Chemist 
at Imperial Chemical Industries, Ltd., Butterwick Research Laboratories. Signed by : J. Chatt, 
P. G. Owston. 

*Watson, Francis Edward. British. 19 Cardwell Road, London, N.7. Student at Brasenose College, 
Oxford. Signed by : H, Irving, D. H. Mellor, J]. A. Barltrop. 

*Webster, Ronald Kerry, B.A. (Oxon.). British. New College, Oxford. Research Student. Signed 
by : H. Irving, L. A. K. Staveley, R. Richards 

*Worthing, Charles Ronald, B.A. (Oxon.). British. 73 Grove Road, Chadwell Heath, Romford, Essex 
Research Student at Oxford University. Signed by : H, Irving, S. G. P. Plant, D. A. Kinsley. 

Wright, Donald Gooch, A.R.I.C. British. The Laboratory, Eastern Gas Board, Holywells Road, 
Ipswich, Suffolk. Chief Chemist at Ipswich District, Eastern Gas Board. Signed by: R.D. Stubbs, 
J. K. Norymberski, W. F. Holleymann. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Armstrong, Anne Conner, B.S. (Georgia). American. 2249 Audubon Street, New Orleans, La., U.S.A. 
Chemist at U.S. Department of Agriculture. Signed by : K. H. Takemura. 

Erickson, John Gerhard, B.A. (St. Olaf Coll.), M.S. (North Dakota), Ph.D. (Minnesota). American. 
Research Department, General Mills, Inc., 2010 East Hennepin Avenue, Minneapolis 13, Minnesota, 
U.S.A. Senior Research Chemist. Signed by: R. E. Rogier. 

* 
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Eyton, Benjamin John. British. Steep Rock Iron Mines, Ltd., Steep Rock Lake, Ontario, Canada. 
Chief Chemist and Head of Analysis and Sampling Department. Signed by: A. K. Light. 

Mirchandani, Tikam Tanumal, M.Sc.Tech. (Manc.) B.Sc. (Bombay). Indian. The High Commission for 
India, Military Department, 76 South Audley Street, London, W.1. Ordnance Consulting Officer, 
Signed by : E. T. Osborne. 

*Stamm, Otto Andreas. Swiss. KRheinstrasse 30, Liestal, Switzerland. Student at Basle University. 
Signed by: E. Jenny. 

Stouffer, John E., B.S. (Northwestern). American. 5 Follen Street, Cambridge 38, Mass., U.S.A. 
Teaching Fellow at Boston University. Signed by : A. P. Mahadevan. 


* Reduced Subscription. 


PAPERS RECEIVED 


(List of Papers accepted for publication between May 25th and June 28th, 1954.) 


Numbers quoted are ‘‘ Reprint Order Numbers.’’ Reprints may be ordered from the 
list below, or from the published Journal (January, 1954, onwards). Orders must be sent 
to the General Secretary accompanied by a remittance for 5s. for each reprint, or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, price 
10s. per book of five vouchers, available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing 30 reprint vouchers at {1 10s. per book. 


5004. ‘‘ Synthesis of 2: 4: 6-trishydroxymethylphenol and of 2 : 4 : 6-trishydroxybenzyl- 
phenol derivatives.”” By A. T. CARPENTER and R. F. HUNTER. 

5059. ‘‘ The structure of overcrowded aromatic compounds. Part I. A preliminary 
survey.” By E. Harnik, F. H. HERBSTEIN, G. M. J. ScumiptT, and (in part) F. L. 
HIRSHFELD. 

5060. ‘‘ The structure of overcrowded aromatic compounds. Part II. The crystal 
structure of dianthronylidene.”” By E. HARNIK and G. M. J. SCHMIDT. 

5061. ‘‘ The structure of overcrowded aromatic compounds. Part III. The crystal 
structure of 3: 4-benzophenanthrene.”” By F. H. HERBSTEIN and G. M. J. SCHMIDT. 

5062. ‘The structure of overcrowded aromatic compounds. Part IV. The crystal 
structure of tetrabenzonaphthalene.”” By F. H. HERBSTEIN and G. M. J. SCHMIDT. 

5080. ‘The reaction between NN-di-2’-chloroalkyl-2-naphthylamines and 4-amino-5- 
nitrosopyrimidines.”’ By D. G. I. FELTON and G. M. TIMMIs. 

5081. ‘‘ The synthesis of compounds with potential antifolic acid activity. Part II. 
5: 7:9: 10-Tetra-aza-1 : 2-benzanthracene and related compounds.” By D. G. I. 
FELTON, T. S. OSDENE, and G. M. TrMmis. 

5082. ‘‘ The synthesis of compounds with potential antifolic acid activity. Part I. 
7-Amino- and 7-hydroxy-pteridines.”” By R. G. W. SpicKetT and G. M. TIMMIs. 

5085. ‘‘ Deoxy-sugars. Part XXV. Structure and reactivity of anhydro-sugars. Part 
II. Preparation and properties of methyl 3 : 6-anhydro-2-deoxy-pD-hexosides.” By 
A. B. Foster, W. G. OVEREND, M. STACEY, and G. VAUGHAN. 

5087. ‘‘ Structure and reactivity of anhydro-sugars. Part IV. An interpretation of 
some reactions of 3 : 6-anhydro-p-hexoses.”” By A. B. Foster, W. G. OVEREND, and 
G. VAUGHAN. 

5152. ‘‘ Hydrogen transfer. Part I. Introductory survey.”” By E. A. BRAUDE and 
R. P. LINSTEAD. 

5153. ‘‘ Hydrogen transfer. Part II. The dehydrogenation of 1 : 4-dihydronaphthalene 
by quinones. Kinetics and mechanism.”’ By E. A. BRAUDE, L. M. JACKMAN, and R. P. 
LINSTEAD. 

5154. “‘ Hydrogen transfer. Part III. The dehydrogenation of hydroaromatic hydro- 
carbons by quinones. Quantitative comparison of donors.’’ By E. A. BRAUDE, L. M. 
JACKMAN, and R. P. LinsTEAD. 

5155. “‘ Hydrogen transfer. Part IV. The use of high-potential quinones as dehydro- 
genation reagents.”” By E. A. BRAUDE, A. G. Brook, and R. P. LINSTEAD. 
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5156. ‘‘ Hydrogen transfer. Part V. Dehydrogenation reactions with diphenylpicryl- 
hydrazyl.”” By E. A. BrAupe, A. G. Brook, and k. P. LinsTEaD. 

5157.“ Hydrogen transfer. Part VI. Metal-catalysed transfer hydrogenation of ethyl- 
enic compounds.”” By E. A. BRAuDE, R. P. LInsTEAD, and P. W. D. MITCHELL. 

5158. ‘‘ Hydrogen transfer. Part VII. Metal-catalysed transfer hydrogenation of nitro- 
compounds.”’ By E. A. BRAUDE, R. P. LinstEAD, and K. R. H. WooLpRIDGE. 

5159. “Hydrogen transfer. Part VIII. Metal-catalysed transfer hydrogenation of 
miscellaneous acceptors.”” By E. A. BRAUDE, R. P. LINsSTEAD, P. W. D. MITCHELL, and 
K. R. H. WOOLDRIDGE. 

5161. ‘‘ Phase relationships in the pyridine series. Part IV. The miscibility of the ethyl- 
pyridines and dimethylpyridines with water.’’ By J. D. Cox. 

5162. ‘‘ Phase relationships in the pyridine series. Part V. The thermodynamic proper- 
ties of dilute solutions of pyridine bases in water at 25° and 40°.” By R. J. L. ANDon, 
J. D. Cox, and E. F. G. HERRINGTON. 

5189. ‘‘ Titanium tetrachloride as a catalyst in the Friedel-Crafts reaction. Part III. 
Alkylation.”” By N. M. CULLINANE and D. M. LEysHon. 

5204. ‘‘ Molecular-orbital calculations for Clar’s hydrocarbon, 1: 13: 12-6: 16: 7-di- 
benzonaphthacene (zethrene). II. The Diels-Alder reaction.”” By C. A. CouLson, 
CARL M. Moser, and MICHAEL BARNETT. 

5208. ‘‘ Triazoles. Part III. Mono- and di-methylphenyl-l : 2 : 4-triazoles.’’ By M. R. 
ATKINSON and J. B. POLya. 

5209. ‘‘ Mechanism of the Kolbe-Schmitt reaction. Part I. Infra-red studies.’’ By 
J. L. HALEs, J. IpR1s JONEs, and A. S. LINDSEY. 

5212. ‘“‘ Substituted anthracene derivatives. Part VII. An examination of some naph- 
thacene endo-oxide derivatives.’’ By G. M. BADGER, R. S. PEARCE, H. J. Roppa, and 
I. S. WALKER. 

5120. ‘‘ The kinetics of oxidation of benzaldehyde. Part III. Note on the reaction 
catalysed by benzoyl peroxide.” By M. F. R. Mutcany and I. C. WATT. 

5225. ‘‘ The equilibrium between ethoxide and hydroxide ions in ethanc! and in ethanol 
water mixtures.’’ By E. F. CALDIN and G. Lona. 

5237. “ Kinetics of the pyrolysis of trimethylarsine, tristrifluoromethylarsine, and related 
compounds.” By P. B. AyscouGH and H. J. EMELEus. 

5238. ‘‘ The influence of the nitro-group on the reactivity of aromatic halogens. Part II.”’ 
By C. W. L. BEVAN and G. C. BYE. 

5251. ‘Some alkyl and acyl derivatives of 2-phenacylpyridine.’” By A. H. BECKETT 
and K. A. KERRIDGE. 

5260. ‘ The effects of substitution on the ultra-violet absorption spectra of phenyl- 
pyrimidines.”” By PETER B. RUSSELL. 

5261. ‘‘ Organosilicon compounds. Part IX. The reaction between iodine and trisub- 
stituted silanes.”” By D. R. DEANS and C. EABorN. 

5268. ‘‘ Photochromism and reversible multiple internal transitions in some spiropyrans 
at low temperatures. Part II.”” By YEHUDA HiRSHBERG and ERNST FISCHER. 

5272. ‘Solubility and chromatography of hydroxybenzoic acids.’’ By P. A. ONGLEY. 

5273. ‘‘Solubilities of the inert gases in water.”” By T. J. Morrison and N. B. 
JOHNSTONE. 

5274. ‘‘ Simple analogues of cortisone. Part III]. Some monocyclic compounds.” By 
J. D. Brttimorta and N. F. MACLAGAN. 

5275. ‘‘ Spectrophotometric titrations involving the higher oxidation state of ferrimyo- 
globin.”” By Putte GEorGE and D. H. IRVINE. 

5283. ‘‘ Liquid metals. Part I. The surface tension of liquid sodium; the vertical-plate 
technique.”’ By C. C. Appison, D. H. KERRIDGE, and J. LEwis. 

5289. ‘‘CoenzymeA. PartIX. Thesynthesis of pantothenoylcysteine, its 4’-phosphate, 
and related compounds as possible precursors of the coenzyme.” By J. BADDILEY and 
A. P. MATHIAS. 

529]. ‘‘ Some heterocyclic structures derived from acenapthene.”’ By W.G,H, EDwaArDs 


and V. PETROw. 
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5292. “A structural re-examination of the levans formed by Pseudomonas pruntcola, 
Wormald, and Bacillus subtilis, BG2 F1.” By D. J. BELL and R. DEDONDER. 

5293. ‘‘ Reaction of nitric oxide with gaseous hydrocarbon free radicals. Part II. Radi- 
cals produced from pyrolysis of di-n-butylmercury.”’ By H. T. J. CHILTON and B. G. 
GOWENLOCK. 

5294. ‘‘ Nuclear oxidation in flavones and related compounds. Part XLVII. A new 
synthesis of fraxetin and a synthesis of 4-methylfraxetin.”” By K. AGHORAMURTHY and 
T. R. SESHADRI. 

5295. “Preparation of tetrahydro-1 : 4-thiazine 1: 1-dioxides.”” By V. BALIAH and 
T. RANGARAJAN. 

5296. “The chromatography of gases and vapours. Part IV. Applications of the 
surface-potential detector.”” By J. H. GrirFitus and C. S. G. PHILLIPs. 

5297. ‘‘ Mechanism of substitution at a saturated carbon atom. Part XXXIX. Nucleo 
philic substitutions in tert.-alkyl halides by hydroxylic reagents in nitromethane solvent.’ 
By EpwarpD GELLES, E. D. HuGHEs, and C. K. INGOLD. 

5298. ‘‘ Mechanism of substitution at a saturated carbon atom. Part XL. Unimolecular 
nucleophilic substitution and elimination of ¢ert.-butyl bromide with anionic reagents in 
nitromethane solvent; with some remarks on the addition of acids to olefins.’’ By 
P. B. D. DE LA MARE, E. D. HuGuHes, C. K. INGOLD, and Y. POCKER. 

5299. ‘‘ Mechanism of substitution at a saturated carbon atom. Part XLI. Unimole- 
cular racemisation of l1-mesitylethyl chloride in acetone.’’ By J.C. CHARLTON and E. D. 
HUGHES. 

5301. “The oxides of uranium. Part IV. The system UO,-ThO,-O.” By J. S. 
ANDERSON, D. N. Epeincton, L. E. J. RoBErRTs, and (in part) E. Walr. 

5302. ‘‘ The oxides of uranium. Part V. The chemisorption of oxygen on UO, and on 
UO,-ThO, solid solutions.” By L. E. J. RoBERTs. 

5303. ‘‘ Researches on acetylenic compounds. Part XLIV. The alkaline isomerisation 
of but-3-ynoic acid.” By G. Eciinton, E. R. H. Jones, G. H. MANSFIELD, and M. C. 
WHITING. 

5304. ‘‘ Researches on acetylenic compounds. Part XLV. Prototropic rearrangements 
of acetylenic acids.” By E. R. H. Jones, G. H. WuiTHAM, and M. C. WHITING. 

5305. ‘‘ Researches on acetylenic compounds. Part XLVI. The prototropic rearrange- 
ments of some acetylenic dicarboxylic acids.” By E. R. H. Jones, G. H. MANSFIELD, 
and M. C. WHITING. 

5306. ‘‘ Researches on acetylenic compounds. Part XLVII. The prototropic rearrange- 
ments of some diacetylenic dicarboxylic acids.” By E. R. H. Jones, B. L. SHaw, and 
M. C. WHITING. 

5307. “‘ Researches on polyenes. Part I. The synthesis of corticrocin.” By B. L. 
SHAW and M. C. WHITING. 

5308. ‘‘ Amino-acids and peptides. Part XII. «- and §-1-Aspartyl-L-valine.” By 
W. D. Joun and G. T. Youna. 

5309. ‘‘ A note on the activation energy of electrical conductivity in fused electrolytes.’ 
By R. L. Martin. 

5311. “‘ Studies in the alicyclic series. Part III. Michael condensation of l-acetylcyclo- 
alkenes with cycloalkanones.”” By W. J. RoSENFELDER and DAVID GINSBURG. 

5312. “ Steroids and Walden inversion. Part XIV. 5-Hydroxycholestane-38-carboxylic 
acid and related compounds.”” By G. RoBerts, C. W. SHOPPEE, and R. J. STEPHENSON. 

5313. ““Some derivatives of tetra- and hexahydro-4 : 6-dioxopyrimidine.” By W. R. 
Boon, H. C. CARRINGTON, N. GREENHALGH, and C. H. VASEY. 

5315. “ Mixed liquid crystals.” By J. S. DAVE and M. J. S. DEWAR. 

5316. “‘ Synthetical and stereochemical investigations of reduced cyclic bases. Part IV. 
The constitutions of the exhaustive methylation products of /rans-octahydro-N-methyl- 
indole and of cis- and trans-decahydro-N-methylisoquinoline.” By F. E. Kine and 
H. Booru. 

5318. ‘‘ The reaction between acridine and methyl acetylenedicarboxylate.”” By R. M. 
ACHESON and M. L. BuRSTALL. 
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5320. ‘‘ The oxidation of phenylhydrazones. Part IV.” By B. M. Lyncu and K. H- 
PAUSACKER. 

5324. ‘‘ Syntheses in the morphine series. Part VI. The synthesis of morphine.”’ By 
Dov ELAD and DAvID GINSBURG. 

5326. ‘‘ The stereospecificity of carbanion reduction processes.” By D. H. R. BARTON 
and C. H. RoBINSsON. 

5327. ‘‘ The chemistry of fluorene. Part IV. Some new chloro- and nitro-derivatives.”’ 
By E. J. GREENHOW, A. S. Harris, and E. N. WHITE. 

5329. ‘‘ Magnetochemistry of the heaviest elements. Part VIII. Metallic plutonium.” 
By J. K. DAwson. 

5331. ‘‘ Complex fluorides. Part III. Lattice constants of some complex fluorides of 
hthium or sodium and quadrivalent elements.” By B. Cox. 

5334. ‘A constituent of the essential oil of Myrius bullata.”” By C. W. BRranpt, W. I. 
TAYLOR, and B. R. THOMAS. 

5335. ‘‘ Hydrolytic decomposition of esters of nitric acid. Part III. Kinetic evidence 
for ion exchange between anionic reagents and the solvent in the carbonyl elimination 
reaction (Ecgo2).””. By JoHN W. BAKER and A. J. NEALE. 

5337. ‘‘ 8-Amino-6-methoxyquinoline, and some derivatives of 5: 5’-diquinolyl.” By 
W. V. FARRAR. 

5338. ‘“‘ The oxidation of some quinazoline derivatives.’”’ By W. V. FARRAR. 

5339. ‘‘ The preparation of 2 : 4-dinitrobenzoic acid and 2: 4-dinitrophenylacetic acid.”’ 
By JEAN P. BLANCHARD and HARLAN L. GOERING. 

5342. ‘“‘ The solubility of ethyl acetate in some perchlorate and nitrate solutions.” By 
(Mrs.) G. M. Warnp. 

5344. ‘‘ The oxidation of alkyl sulphides."” By D. Epwarps and J. B. STENLAKE. 

5345. “‘ The nitration of 2-nitronaphthalene.” By E. R. Warp and J. G. HAWKINS. 

5346. ‘‘ Liquid-phase reactions at high pressures. Part VIII. The kinetics of an ‘ ortho- 
effect ’ reaction at high pressures.”” By K. E. WEALE. 

5347. “Survey of anthoxanthins. Part VI. Colouring matter of Tamarix troupit. 
Constitution of tamarixetin, and its synthesis.” By S. R. Gupta and T. R. 
SESHADRI. 

5348. ‘‘ The components of wool wax. Part [I]. Synthesis of the acids and alcohols of 
the tso- and (-++-)-anietso-series.’” By A. H. Mirpurn and E. V. TRUTER. 

5349 ‘Calculations on the electronic spectra of trans-butadiene by a semi-empirical 
molecular-orbital approximation.’ By CARL M. Moser. 

5353. ‘‘ Homolytic aromatic substitution. Part VII. Partial rate factors for the phenyl- 
ation of tert.-butylbenzene and /-di-ter/.-butylbenzene.”” By J. I. G. CapoGcan, D. H. 
JeEY, and GARETH H. WILLIAMS. 

5355. “‘ A base-catalysed non-benzilic acid type rearrangement of a bridged «-diketone.” 
By R. H. BurNELL and W. I. TAytor. 

5359. ‘‘ Chemical action of ionising radiations in aqueous solutions. Part XIII. Ab- 
solute yield of the ferrous sulphate dosimeter.’’ By F. T. FARMER, T. RicG, and J. 
WEISs. 

5361. ‘‘ The chemistry of the triterpenes and related compounds. Part XXV. Some 
stereochemical problems concerning polyporenic acid C.”’ By A. Bowers, T. G. HALSALL, 
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5365. ‘The degradation of carbohydrates by alkali. Part Vl. Laminaribiose and 
turanose.”” By W. M. CorBett and J. KENNER. 

5366. ‘‘ The degradation of carbohydrates by alkali. Part VII. 5-O-Benzyl- and 3 : 5-0- 
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don 1954. pp. xii + 637. ill. 63s. (Recd. 
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By E. S. LANE and C. WILLIAMS. 
By P. Nessitt and P. SYKEs. 
‘Raman effect and suggested complexity of the argentous ion in solution.’’ By 


J. J. KIpLine. 


THE LIBRARY 


Witson, ALAN HERRIES. 
metals. 2nd edition. Cambridge 1953. pp. 
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pp. 692. Chapman & Hall. 
14/6/54.) 

METHODS OF BIOCHEMICAL 
Vol. 1. Edited by Davip GLIick. 
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(Recd. 3/6/54.) 


Minerals for the 
London 1954. 
75s. (Recd, 


ANALYSIS. 
New York 
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TRESSLER, DONALD K., and JOSLYN, 
MAYNARD A. The chemistry and technology 
of fruit and vegetable juice production. New 
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WEIss, FRANZ. Die Kiipenfarbstoffe und 
ihre Verwendung in der Farberei und im 
Zeugdruck. Mit einem Beitrag von W. REIF. 
Wien 1953. pp. x + 371. ill. Springer. 
DM 44. (Recd. 3/6/54.) 

WHITE, JOHN. Yeast technology. London 
1954. pp. xvi + 432. ill. Chapman & Hall. 
55s. (Recd. 3/6/54.) 
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must be received on or before November 15th, 1954. Applications from Fellows will 
receive prior consideration. 
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inorganic and metallurgical chemistry, and that the income from the Perkin Memorial Fund 
is to be applied to investigations relating to problems connected with the coai-tar and allied 
industries. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for August, 1954. Such objection will be 
treated as confidential. The forms of application are available in the Library.) 


Anderson, George de Winter, B.Sc. and Ph.D. (Q.U.B.), A.R.I.C. British. 25 Brentwood House, 
Flixton Road, Flixton, Lancs. Research Chemist at I.C.I., Dyestuffs Division, Blackley. Signed 
by: W.H. Davies, D. W. C. Ramsay. 

Ashman, Anthony, B.Sc.(Dunelm). British. Virginia House, Scorton, Richmond, Yorkshire. Student. 
Signed by: G. Kohnstam, W. K. R. Musgrave, G. H. Christie. 

*Banks, Ronald Eric, B.Sc. (Dunelm), A.R.I.C. British. 11 Malvern Terrace, Sherburn Road, Durham 
City. Candidate for Ph.D. at the University of Durham. Signed by: G. E. Coates, W. K. R. 
Musgrave. 

*Bassett, Ian Masson, B.Sc. (Melbourne). Australian. c/o Chemistry Department, University of 
Melbourne, Carlton, N.3. Research Student. Signed by: R.D. Brown, K. H. Pausacker, E. F. M. 
Stephenson. 

*Bone, John Alexander, B.Sc. (Glas.). British. 68 Marchfield Quadrant, Ayr. University Student. 
Signed by: A. Kent, R. I. Reed, D. J. Mathewson. 


91 


*Briner, Gert Peter, B.Sc. (W. Aust.). British. University of New England, Armidale, N.S.W., Aus- 
tralia. Demonstrator in Organic Chemistry. Signed by: K.G. Lewis, V. R. Stimson, N. V. Riggs. 

Butler, George, M.A. (Cantab.), Ph.D. (St. Andrews). British. ‘‘ St. Louis,’’ 27 Somerset Gardens, 
Teddington, Middlesex. Research Chemist. Signed by: F. Wormwell, D. M. Brasher. 

*Buttery, Ronald Gordon, B.Sc. (Adelaide). British. 48 East Street, Torrensville, S. Australia. Re- 
search Student at University of Adelaide. Signed by: G. M. Badger, H. J. Rodda. 

*Evans, David Eurof, B.Sc. (Wales). British. 31 Heol Gwyrosydd, Treboeth, Swansea. Research 
Student at Swansea University College. Signed by: K. W. Sykes, E. E. Ayling, C. W. Shoppee. 

*Fayiga, Theophilus Olanuyi, B.Sc. (Lond.). Nigerian. Chemistry Department, University College, 
Ibadan, Nigeria. Demonstrator in Chemistry. Signed by: C. W. L. Bevan, B. D. England. 

Hirst, Jack, Ph.D. (Lond.). British. c/o University College, Ibadan, Nigeria. Lecturer. Signed by: 
C. W. L. Bevan, A. H. Rees. 

*Jowett, Peter, M.Sc. and Ph.D. (Manc.). British. 40 Lansdown Road, Swindon, Wilts. N.S. Officer 
at The Royal Military College of Science. Signed by: J. R. H. Whiston, L. A. Wiles. 

Kamel, Mohamed, M.Sc. and Ph.D. (Cairo). Egyptian. Chemistry Department, Faculty of Science, 
University of Cairo, Giza, Egypt. Lecturer. Signed by: A. Mustafa, M. I. Ali. 

*Kelemen, Marianne Viktoria, 8.Sc.(Dunelm). British. 33 Shirehall Park, London, N.W.4. Signed by: 
W. K. R. Musgrave, S. J. Thomson. 

*Kirby, Kevin Desmond, M.Sc. (Queensland). Australian. I.C.I.A.N.Z. Research Laboratories, 
Ballarat Road, Deer Park, Via Melbourne, Victoria Australia. Research Chemist. Signed by: 
F. N. Lahey, T. G. H. Jones. 

*Lewis, Jack, B.Sc. (Lond.), Ph.D. (Notts.), A.R.I.C. British. University of Nottingham, Nottingham. 
Research Fellow. Signed by: C. C. Addison, R. E. Ford, L. C. Manning. 

*McAdie, Henry George, B.Sc. (McGill), M.A. (Queen’s). Canadian. 102 Stuart Street, Kingston, 
Ontario, Canada. Studying for Ph.D. at Queen’s University. Signed by: J. K. N. Jones, D. H. 
Ball. 

*McDowell, Eric Thew, B.Sc. (Dundee). British. Deneholme, Earls Drive, Low Fell, Gateshead, 9, 
Co. Durham. Short service commission in R.N. Signed by: A. B. Trenwith, T. N. Bell, G. A. 
Swan. 

Malatesta, Lamberto, Dr.Chem. (Milan). Italian. Via Saldini 50, Milano, Italy. Director of the 
Department of General and Inorganic Chemistry at the University of Milan. Signed by: L. M. 
Venanzi, P. G. Owston, G. A. Gamlen. 

*Mortimer, Colin Trevor, M.Sc. and Ph.D. (Manc.). British. 31 Clive Road, Southport, Lancs. Assis- 
tant Lecturer at the University College of Khartoum. Signed by: G. R. Barker, H. O. Pritchard, 
H. A. Skinner. 

Nutkins, Ronald Albert, M.Sc. (Lond.). British. 102 Chase Way, Southgate, London, N.14. Assistant 
Lecturer. Signed by: L. A. Leonard, G. Gough. 

*Pleass, Charles Michael. British. 23 Blenheim Avenue, Southampton, Hants. Research Student. 
Signed by: N. B. Chapman, G. W. A. Fowles, J. F. Allen. 

*Reeves, Leonard Wallace, Ph.D. (Bris.). British. c/o Department of Chemistry and Chemical En- 
gineering, University of California, Berkeley 4, California, U.S.A. Research Associate at the 
University of California. Signed by: E. Gelles, Harry Watts. 

*Rogasch, Peter Edwin, B.Sc. (Adelaide). British. 28 Collins Street, Collinswood, S. Australia. Re- 
search Student. Signed by: H. J. Rodda, G. M. Badger. 

*§tening, Theodore Charles, B.Sc. (Lond.). British. 17 Tatnell Road, Honor Oak Park, London, 
S.E.23. Research Student. Signed by: J. Honeyman, S. H. Harper, D. H. Hey. 

*Stephens, John Felton, B.Sc. British. 5 Braeside Avenue, Myrtle Bank, Adelaide, S. Australia. 
Research Student. Signed by: G. M. Badger, H. J. Rodda. 

*Walker, Ian Saville, B.Sc. (Adelaide). British. c/o Chemistry Department, Darling Building, Univer- 
sity of Adelaide, S. Australia. Senior Research Scholar. Signed by: H. J. Rodda, G. M. Badger. 

*White, Jeffrey David Milward, B.Sc. (Southampton). British. 15 Radway Road, Shirley, Southamp- 
ton, Hants. Student at Southampton University. Signed by: N. B. Chapman, R. M. White, 
I. H. Burnett. 

Whitehead, Thomas Charles Gill, B.Sc. (Lond.). British. 25 Oak Road, Redcar, Yorkshire. Analytical 
Chemist Partner at Pattinson and Stead, Middlesbrough. Signed by: E. W. Jackson, A. Scholes, 
Kk. C. Cooper. 

Wladislaw, Blanka, D.Sc. (Sao Paulo). Brazilian. Departamento de Quimica, Alameda Glette 463, 
Sao Paulo, Brazil. Assistant at the Chair of Organic and Biological Chemistry at the University of 
Sao Paulo. Signed by: A. J. Clarke, B. W. Baker. 

Wyness, Keith Gordon, B.Sc. (Lond.). British. 19 Poplar Road, Croesyceiliog, Mon. Research 
Chemist at British Nylon Spinners, Ltd., Pontypool. Signed by: S. Smith, A. G. Davies, K. Butler. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 

Brewer, Alan. British. Royal Air Force Hospital Staff, Habbaniya, British Forces in Iraq, M.E.A.F. 
19. Class I Dispenser, R.A.F. Signed by: T. F. Dixon. 

Herz, Werner, M.A. and Ph.D. (Colorado). American. Department of Chemistry, The Florida State 
University, Tallahassee, Florida, U.S.A. Associate Professor of Chemistry. Signed by: J. E. 
Leffler. 


92 


Humphrey, Sidney Bruce, B.A. (Drake Univ.). American. United States Rubber Co., Kankakee Unit, 
Joliet Arsenal, Joliet, Illinois, U.S.A. Chemist, Engineer in Research and Development related to 
military explosives. Signed by: W. J. Meikle. 

*Miller, Lee A., A.B. (Augustana Coll.). American. Apartment 510, 300 S. Goodwin, Urbana, Illinois, 
U.S.A. Graduate Student at University of Illinois. Signed by: D. Y. Curtin. 

Rondestvedt, Christian Scriver, B.S. (Minnesota), Ph.D. (Northwestern). American. Department of 
Chemistry, University of Michigan, Ann Arbor, Michigan, U.S.A. Assistant Professor of Chemistry 
Signed by: I. Nicholson. 


* Reduced subscription. 


PAPERS ACCEPTED 
(List of Papers accepted for publication between June 29th and July 28th, 1954.) 


Numbers quoted are “ Reprint Order Numbers.”’ Reprints may be ordered from the 
list below, or from the published Journal (January, 1954, onwards). Orders must be sent 
to the General Secretary accompanied by a remittance for 5s. for each reprint, or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, price 
10s. per book of five vouchers, available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing 30 reprint vouchers at {1 10s. per book. 


4838. “ The cleavage of diaryl ethers by Grignard reagents in the presence of cobaltous 
chloride. Part I. Monosubstituted diphenyl ethers.”” By R. L. HUANG. 

5051. ‘‘ The dehydrochlorination of isomeric benzene hexachlorides.’’ By P. O’COLLA 
and (Miss) J. O’SULLIVAN. 

5127. ‘‘ The infra-red spectra of the monohalogenonaphthalenes.’’ By J. FERGUSON and 
R. L. WERNER. 

5200. ‘‘ The analysis of inorganic compounds by paper chromatography. Part VI. 
Further studies on the separation and detection of lanthanons.’’ By F. H. POLLARD, 
J. F. W. McOmie, and H. M. STEVENs. 

“Electronic spectra of some aromatic mercury compounds.’ By G. LEANDRI and 
A. TUNDO. 

5245. ‘‘ Deoxy-sugars. Part XXVI. The catalytic oxidation of some derivatives of 
2-deoxy-D-hexoses.”” By W. G. OVEREND, F. SHAFIZADEH, M. STACEY, and G. VAUGHAN. 

5247. ‘‘ Deoxy-sugars. Part XXVII. The cleavage of sulphonic esters with lithium 
aluminium hydride.” By R. ALLERTON and W. G. OVEREND. 

5253. ‘‘ Reactions of dialkyl phosphorobromidates relating to the reaction of phosphoryl 
bromide with alcohols and with trialkyl phosphates.”” By W. GERRARD and G. J. 
JEACOCKE. 

5262. ‘“‘a8-Unsaturated aldehydes and related compounds. Part V. Reaction of 
acraldehyde with simple aliphatic alcohols. Formation of acraldehyde dialkyl acetals 
and of $-alkoxypropaldehydes and their acetals.’’ By R. H. HALt and E. S. STERN. 

5271. ‘‘ Some tautomeric acridines.’”” By R. M. Acheson, M. L. BursTatt, C. W. 
JEFFORD, and B. F. SANsoM. 

5287. ‘‘ Chemistry of the Coprosma genus. Part VIII. The occurrence of asperuloside.”’ 

3y Linpsay H. Briccs and G. A. NICHOLLS. 

5288. ‘‘ Chemistry of the Coprosma genus. Part IX. The constitution of asperuloside.”’ 

By Linpsay H. Brices and B. F. CAIN. 

5290. ‘‘ Hydroxytryptamines. Part II. A new synthesis of physostigmine.” By 
Joun HARLEY-MASON and A. H. JACKSON. 

5322. “Indoles. Part I. The formylation of indole and some reactions of 3-formy]l- 
indole.”’” By G. F. SMITH. 

5323. ‘‘ Nuclear magnetic resonance spectra and the structure of infusible white pre- 
cipitate.”’” By C. M. DEELEY and R. E. RICHARDs, 


5205. 


93 


5328. ‘‘ Esters of inorganic oxy-acids. Part I. The mechanism of hydrolysis of alkyl 
esters using 18O as tracer and its relation to other reactions in alkaline media.’’ By 
M. ANBAR, I. DostRovsky, DAvip SAMUEL, and A. D. YOFFE. 

5330. ‘‘ The hydrated tetrafluorides of uranium and plutonium.” By J. K. Dawson, 
R. W. M. D’EyE, and A. E. TRUSWELL. 

5333. “Dipole moments of the lower dialkyl alkylphosphonates.” By GENNADY M. 
KOSOLAPOFF. 

5336. ‘‘ The oxidation of copper and zinc.”” By E. R. S. WINTER. 

5340. “‘ The production of active solids by thermal decomposition. Part 1V. Vermi- 
culite.”” By S. J. GREGG and R. K. PACKER. 

5343. ‘‘ The ionisation of organic halides in nitromethane. Part V.”” By ALwyn G. 
Evans, J. A. G. JONES, and G. O. OSBORNE. 

5351. “Infra-red spectra of natural products. Part II. Compounds containing the 
cyclopropane ring.”’ By A. R. H. Cote. 

5352. “Infra-red spectra of natural products. Part III. cycloArtenol and phyllan- 
thol.”” By A. R. H. Coie. 

5354. “‘ Synthesis of 2: 2’’-dimethoxy-o-terphenyl and some related substances.’’ By 
R. L. HUANG. 

5356. ‘‘ The addition of isoprene to 4-methoxytoluquinone.” By W. A. AYER, L. G. 
HUuMBER, and W. I. TAYLOR. 

5358. “The compound of antimony pentachloride with nitric oxide.”’ By H. J. M. 
30WEN. 

5360. ‘‘ The synthesis of isotopically labelled adenosine-2’ phosphate and adenosine-3’ 
phosphate.”’ By G. R. BARKER. 

5368. ‘‘ Experiments on the synthesis of lysergic acid. Part I. Derivatives of indole.” 
By J. A. BARLTROP and D. A. H. TAyLor. 

5369. ‘‘ Experiments on the synthesis of lysergic acid. Part II. Derivatives of 1- 
azaphenanthrene.”’ By J. A. BARLTROP and D. A. H. TAYLOR. 

5371. “ The kinetics and mechanisms of nucleophilic displacements in allylic systems. 


Part VII. Solvent effects in the reactions of the dichloropropenes and related com- 
pounds.”’ By P. B. D. DE LA Mare and C, A. VERNON. 

5372. ‘‘ The mechanism for the conversions of uric acid into allantoin and glycine.”’ By 
C. E. DALGLIESH and A. NEUBERGER. 

5373. “ 2-Mercaptoglyoxalines. Part VIII. The preparation of 2-mercaptoglyoxalines 


from glutamic acid.” By R. A. F. BULLERWELL, ALEXANDER Lawson, and H. V. 
MORLEY. 

5374. “ The oxidation of monoethenoid fatty acids and esters. Catalytic oxidation of 
n-propyl oleate. The oxidation products.’’ By A. J. FEUELL and J. H. SKELLON. 

5375. “a-1:4Glucosans. Part IJ. The molecular structure of glycogen from a case of 
von Gierke’s disease.”” By D. J. MANNERS. 

5376. ‘‘ Bisbenzylisoquinolines. Part I. The synthesis of 4-(2-aminoethyl)-5’-carboxy- 
methyl-2 : 2’-dimethoxydipheny] ether and phenoxy/soquinolines.”” By M. F. GRUNDON 
and (in part) H. J. H. Perry. 

5377. ‘‘ The optical resolution and racemisation of some ditsoquinolyls.”” By MALCOLM 
CRAWFORD and I. F. B. SMyTu. 

5378. “ Reactions of «-halogeno-ketones with aromatic compounds, Part I. Reactions 
of chloroacetone and 3-chlorobutanone with phenol and its ethers.”” By S. HusAIN 
ZAHEER, BALDEV SINGH, BHARAT BuHuSHAN, P. M. BHARGAVA, I. K. KACKER, K. 
RAMACHANDRAN, V. D. N. SAstr1, and N. SHANMUKHA Rao. 

5380. “‘ Steroids and Walden inversion. Part XV. The mechanism and stereochemical 
course of some Grignard carboxylations and oxygenations.”’ By G. RoBERTs and C. W. 
SHOPPEE. 

5381. ‘‘ Chemical constitution and the dissociation constants of monocarboxylic acids. 
Part XIV. Monomethylcyclohexanecarboxylic acids.’””’ By J. F. J. Dippy, S. R. C. 
HuGueEs, and J. W. Laxton, 


94 


5385. “‘ Infra-red spectra of carbohydrates. Part II. Anomeric configuration of some 
hexo- and pento-pyranoses.”” By S. A. BARKER, E. J. BourRNE, R. STEPHENS, and 
D. H. WHIFFEN. 

5386. ‘‘ Tertiary alkoxides of thorium.’”’ By D. C. BrapLrey, M. A. Saab, and W. 
WARDLAW. 

5387. ‘‘ Cyclic amidines. PartI. Derivatives of phenhomazine.”’ By F. C. CooPER and 
M. W. PARTRIDGE. 

5390. ‘‘ The thorium-tellurium system.”’ By R. W. M. D’EYE and P. G. SELLMAN. 

5391. ‘‘ Alkyl-oxygen fission in carboxylic esters. Part XIV. 4-Methyldiphenylmethyl 
and 2:4: 6-trimethyldiphenylmethyl compounds.” By A. G. Daviks, J. KENYON, 
B. J. Lyons, and T. A. ROHAN. 

5392. ‘Some applications of valence-bond theory to aromatic substitution.”” By A. L. 
GREEN. 

5393. ‘Steroids. Part VIII. 3: 5-cycloErgosta-7 : 9(11) : 22-trien-6f-0l (?-dehydro- 
ergosterol).’’ By R. W. REEs and C. W. SHOPPEE. 

5394. ‘ A new route to polycyclic aromatic hydrocarbons.’ By A. D. CAMPBELL. 

5398. ‘‘ The decarboxylative acylation of succinic acid derivatives. Part I. Benzamido- 
succinic acid.’” By ALEXANDER LAWSON. 

5400. ‘‘ Preparation of meopentyl chloride.’’ By W. GERRARD and P. TOLCHER. 

5401. ‘‘ The structure of tannins. Part II. The reduction products of 2’-hydroxy- and 
2-methoxy-chalkones and of flavanone.”” By JAMEs JAcK, J. C. WarTkuns, and D. E. 
WHITE. 

5402. ‘ Adsorption at inorganic surfaces. Part I. An investigation into the mechanism 
of adsorption of organic compounds by the anodic film on aluminium.”’ By C. H. GILEs, 
H. V. Menta, C. E. Stewart, and R. V. R. SUBRAMANIAN. 

5403. ‘‘p-(+)-Apiose from the monocotyledon Posidonia australis.”’ By D. J. BELL, 
F. A. IsHERWoop, and Nancy E. Harpwick. With a note on the stereochemistry and 
nomenclature. By R. S. CAHN. 

5406. ‘The thermal decomposition of octyl nitrite in hydrocarbon solvents.’’ By 
BERNARD A. GINGRAS and WILLIAM A. WATERS. 

5407. ‘‘ Crystalline N-benzoyl-1 : 2-dihydroquinoline.”” By R. F. COLLINs. 

5408. ‘‘ Preparation of ww’-diphenylpolymethylenes by anodic syntheses.” By E. A. 
EVANS and MARGARET WHALLEY. 

5409. ‘‘ cycloOctatetraene derivatives. Part VI. Preparation of barbituric acids.’’ By 
W. O. Jones and D. S. WITHEY. 

5410. ‘‘ The alkaloids of Picralima nitida. Stapf, TH. and H. Durand. Part I. The 
structure of akuammigine.’’ By Str RoBert Roprnson and A. F. THOMAs. 

5413. “ The decomposition of ««’-azotsobutyronitrile (AZDN) in solution.”” By J. C. 
BEVINGTON. 

5414. ‘‘ The chemistry of fungi. Part XXII. Tumulosic acid.” By L. A. Cort, R. M. 
GASCOIGNE, J. S. E. HoLker, B. J. RALPH, ALEXANDER ROBERTSON, and J. J. H. SIMEs. 

5415. “ The Fries rearrangement.’’ By N. M. CULLINANE and E. T. LLoyp. 

5416. “ Branched-chain thia-alkanebis(quaternary ammonium) salts as ganglion-blocking 
agents.”’ By K. J. M. ANDREws, F. BERGEL, and A. L. Morrison. 

5417. “ Nitryl fluoride as a nitrating agent.’’ By G. HETHERINGTON and P. L. Ropryson. 

5418. ‘‘ Adsorption from binary solutions of completely miscible liquids. Part III. 
Surface activity coefficients of components adsorbed from perfect solutions.’’ By G. A. H. 
ELTON. 

5419. ‘‘ The esterifying acids of lycoctonine alkaloids.” By R. C. Cookson, J. E. PAGE, 
and M. E. TREVETT. 

5422. ‘‘ Steroids and Walden inversion. Part XVI. The epimeric cholestan-7-ols.”’ By 
R. J. W. CREMLYN and C. W. SHOPPEE. 

5425. “ The synthesis of certain trifluoromethylquinoline derivatives.”” By R. BELCHER, 
M. Stacey, A. Sykes, and J. C. TATLow. 

5426. ‘‘ 8-Hydroxy-5-trifluoromethylquinoline.”’ By M. R. Pettit and J. C. TATLow. 


95 


5428. “‘Sesquiterpenoids. Part IV. The constitution of carissone.”’ 
BARTON and E. J. TARLTON. 

5433. “1: 2-Dicarboxylic acids. Part II. The diastereoisomeric 1 : 2-dimethylsuccinic 
acids and their derivatives. Effect of conformation on stability.” By R. P. LinstEap 
and MARGARET WHALLEY. 

5434. “1:2-Dicarboxylic acids. Part III. Nitrogenous derivatives of the isomeric 
hexahydrophthalic acids and of 3 : 4: 5 : 6-tetrahydrophthalic acid.” By G. E. FIckEn, 
H. FRANCE, and R. P. LINSTEAD. 

5436. ‘‘ The oxidation of ferrous perchlorate by molecular oxygen.” By PHiLip GEORGE. 

5438. ‘“‘ The rates of ionisation of 1 : 1-dimethylpropargyl chloride and its 3-alkyl deriv- 
atives, and the nature of the Baker—Nathan effect.’’ By A. BurAwoy and E. Sprnner. 

5440. ‘Cereal gums. Part I. The methylation of barley glucosans.”” By G. O. 
ASPINALL and R. G. J. TELFER. 

5441. ‘“‘ Naphthyridines. Part II. The attempted cyclisation of Schiff’s bases.”’ 

E. P. Hart. 

5442. ‘ The reaction between formaldehyde and ethyl «-formylphenyl acetate.”’ By C. A. 
FRIEDMANN and J. M. Z. GLADYCH. 

5443. ‘‘ Complex fluorides of iridium and osmium.”’ By M. A. Hepworth, P. L. Rosry- 
son, and G. J. WESTLAND. 

5444. “ Ring expansion. Part I. The dienone—phenol rearrangement of sPiro[5 : 5jdeca- 
1 : 4-dien-3-one.”’ By R. H. BuURNELL and W. I. TAYLor. 

5447. “ The alkaloids of Picralima nitida, Stapf. TH. and H. Durand. Part II. Some 
investigations concerning the structure of psewdoakuammigine.”’ By Str ROBERT 
Rosinson and A. F, THOMAs. 

5450. ‘‘ Synthetic plant hormones. Part II. Some glucosides and aldehydes.’ By 
(Miss) M. H. MAGurReE and G. SHaw. 

5454. ‘‘ The synthesis of sugars from smaller fragments. Part VIII. The synthesis of 
p-idoheptulosan from D-xylose.’’ By J. K. N. JONEs. 

5461. ‘‘ Chebulinic acid. Part II.’”’. By R. D. HAwortH and L. B. DE Siva. 

5462. ‘‘ Chebulinic acid. Part III. Oxidation of ellagic and flavellagic acids and the 
synthesis of some tsocoumarin derivatives.’’ By R. D. HAwortu, H. K. PINDRED, and 
(in part) P. R. JEFFERIES. 

5463. ‘‘ Triterpenoids. Part XIX. The constitution of lantadene B.”’ By (a) D. H.R. 
BARTON, P. DE Mayo, and E. W. WArnuorFrf, and (4) O. JEGER and C. W. PEROLD. 

5465. “Cationic polymerisation of 2: 3-dihydrofurans.’’ By D. A. Barr and J. B. 
ROSE. 

5469. ‘‘ Quassin and neoquassin. Part Il.”’ By R. J. S. Beer, D. B. G. Jagutiss, 
ALEXANDER ROBERTSON, and W. E. SAVIGE. 

5470. “‘Quassin and meoquassin. Part III.’ By K. R. Hanson, D. B. JAguiss, J. A. 
LAMBERTON, ALEXANDER ROBERTSON, and W. E. SAVIGE. 

5471. “Xanthones and thioxanthones. Part V. The preparation and properties of 
9-thia-2-aza-anthrone and 9-thia-4-aza-anthrone.”’ By S. KRUGER and FREDERICK G. 
MANN. 

5472. ‘‘ Properties of periodate-oxidised polysaccharides. Part III. Estimation of 
«-glycol groupings in a polysaccharide.’’ By Vincent C. BARRY, JOAN E. McCormick, 
and P. W. D. MITCHELL. 

5478. ‘‘ The preparation and structure of a synthetic polyglucose.”” By C. R. RicKETTs. 

5497. ‘‘ 2: 3-Dihydro-1-methyl-7-phenylindole.”’ By J. S. LirtLe, W. I. TAyLor, and 
B. R. THOMAS. 

5508. ‘‘ The kinetics of the oxidation of propylene by nitrogen dioxide.’’ By T. L. 
COTTRELL and T. E. GRAHAM. 


96 


ADDITIONS TO THE LIBRARY 
II. By purchase 


I. Donations 
A. Books. 

FISHER, R. B. Protein’ metabolism. 
London 1954. pp. x + 198. ill. (Methuen’s 
Monographs on_ Biochemical Subjects.) 
lls. 6d. (Recd. 9/7/54.) 

From the Publishers : 
Messrs. Methuen & Co., Ltd. 


B. Pampilets. 

RoyAL INSTITUTE OF CHEMISTRY.  Lec- 
tures, Monographs, and Reports 1954, No. 3. 
Some recent advances in physical chemistry. 
By A. R. J. P. UBBELOoHDE. London [1954]. 
pp. [ii] + 20. ill. [Two copies.] 


HERBRAND, WILLY, and JAEGER, KARL- 
Adenylsaure-system. Aulen- 
1952. pp. 136. Editio Cantor. 


HEINZ. Das 
dorff i. Wiirtt. 
DM 15. (Rec 


d. 23/7/54.) 


KOFLER, Lupwic, and KOFLER, ADEL- 
HEID. Thermo-Mikro-Methoden zur Kenn- 


zeichnung organischer 


gemische. W 
ill. Verlag 
23/7/54.) 


VocT, ERNST. 


‘oinheim 1954. 
Chemie. DM 


analyse. Stuttgart 1953. 


Eugen Ulmer. 


DM 17.80. 


Stoffe und _  Stoff- 


pp. xi + 608. 
39.80.  (IRecd. 


Weinchemie und Wein- 


pp. 343. ill. 
(Recd. 23/7/54.) 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 
Australia. 
Birmingham. 
Bristol. 
Cambridge. 
Canada. 
Ceylon. 
Edinburgh. 
Exeter. 
Glasgow. 


Hull. 
India. 


Irish Republic. 


Leeds. 
Liverpool. 


Manchester. 


Newcastle and 
Durham. 


New Zealand. 


Northern Iveland. 


North Wales. 
Nottingham. 
Oxford. 


Pakistan. 


St. Andrews and 


Dundee. 
Sheffield. 


South Africa. 
Southampton. 


South Wales. 


R. H. Thomson, Ph.D., F.R.I.C., Chemistry Department, The University, Old 
Aberdeen. 

Professor A. J. Birch, M.Sc., D.Phil., Department of Organic Chemistry, The 
University, Sydney, N.S.W., Australia. 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

R. N. Haszeldine, B.Sc., Ph.D., University Chemical Laboratory, Pembroke 
Street, Cambridge. 

W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian Breweries 
Ltd., 496, Queen Street East, Toronto, 2, Canada. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.I.C., Department of Chemistry, 
The University, Colombo, Ceylon. 

T. R. Bolam, D.Sc., Chemistry Department, King’s Buildings, West Mains 
Road, Edinburgh. 

K. Schofield, B.Sc., Ph.D., Department of Chemistry, Washington Singer 
Laboratories, Prince of Wales’ Road, Exeter. 

D.S. Payne, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The University, 
Glasgow, W.2. 

G. W. Gray, B.Sc., Ph.D., Chemistry Department, The University, Hull. 

Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Secretary, Ministry of 
Natural Resources and Scientific Research, New Delhi, India. 

D. O’Tuama, M.Sc., Medical Research Council of Ireland, The Laboratories, 
Trinity College, Dublin. 

E. Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.R.I.C., Imperial Chemical Industries, 
Research Department, Widnes Laboratory, Widnes. 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 

G. A. Swan, B.Sc., Ph.D., F.R.I.C., Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

R. G. R. Bacon, Ph.D., A.R.C.S., Chemistry Department, 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

C. C. Addison, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University, 
University Park, Nottingham. 

H. M. N. H. Irving, M.A., D.Phil., 
Laboratory, South Parks Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 

C. Horrex, M.A., Ph.D., Chemistry Department, 
St. Andrews. 

H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 

N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 

K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 
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SCIENTIFIC MEETINGS DURING NOVEMBER, 1954 


LONDON. 
Thursday, November 4th, 1954, at 7.30 p.m. 


Lecture, On Open and Closed Sequences in Reaction Kineties, by Professor J. A. 
Christiansen, Honorary Fellow. To be given in the Large Chemistry Lecture 
Theatre, Imperial College of Science and Technology, South Kensington, S.W.7. 


Thursday, November 18th, 1954, at 7.30 p.m. 


Tilden Lecture, Molecular Rearrangements, by Professor M. J. S. Dewar, M.A., 
D.Phil. To be given in the Large Chemistry Lecture Theatre, Imperial College 
of Science and Technology, South Kensington, S.W.7. 


ABERDEEN. 
Wednesday, November 10th, 1954, at 6.0 p.m. 


Lecture, Food Legislation During the War, by Sir Harry Jephcott, M.Sc., F.R.I.C. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held at Robert Gordon’s Technical College. 


BIRMINGHAM. 
Friday, November 19th, 1954, at 4.30 p.m. 


Lecture, The Structure and Properties of Olefin Complexes, by Dr. J. Chatt, F.R.I.C. 
Jvoint Meeting with Birmingham University Chemical Society, to be held in the 
Chemistry Department, The University. 


BRISTOL. 


Thursday, November 4th, 1954, at 7.0 p.m. 


Lecture, Melting and Crystal Structure, by Professor A. R. Ubbelohde, D.Sc., F.R.S. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held in the Department of Chemistry, The University. 


Thursday, November 18th, 1954. 


Social Evening. Held jointly with the Royal Institute of Chemistry and the 
Society of Chemical Industry. 


CAMBRIDGE. 
Friday, November 5th, 1954, at 8.30 p.m. 


Lecture, Some Mould Colouring Matters, by Professor A. Robertson, M.A., Ph.D., 
F.R.S. Joint meeting with the University Chemical Society, to be held in the 
Chemical Laboratory, The University. 


EDINBURGH. 
Thursday, November 11th, 1954, at 7.30 p.m. 


Visit to the research laboratories of the University Chemistry Department, King’s 
Buildings, West Mains Road, Edinburgh. Held jointly with the Royal 
Institute of Chemistry and the Society of Chemical Industry. 


EXETER. 
Friday, November 26th, 1954, at 5 p.m. 


Lecture, Some Applications of Electron Diffraction to Problems in Inorganic 
Chemistry, by Dr. L. E. Sutton, M.A., F.R.S. To be given in the Washington 
Singer Laboratories. 


GLASGOW. 
Friday, November 19th, 1954, at 7.15 p.m. 


Lecture, The Chemical Nature of Some Metal Aikyls, by Professor G. E. Coates, M.A. 
To be given at the Royal Technical College. 


LEEDS. 
Tuesday, November 2nd, 1954, at 6.30 p.m. 

Lecture, The Mechanism of Some Electron-transfer Reactions, by Professor C. E. H. 
Bawn, Ph.D., F.R.S. To be given in the Chemistry Lecture Theatre, The 
University. 

Monday, November 22nd, 1954, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, The Lotoflavin Problem; the study of a toxic 
natural product, by Professor T. S. Wheeler, Ph.D., D.Sc., F.R.I.C. To be 
given in the Chemistry Lecture Theatre, The University. (All Fellows are 
invited.) 


MANCHESTER. 
Thursday, November 11th, 1954, at 5.0 p.m. 
Meeting for the reading of Original Papers. To be held in the Robert Robinson 
Lecture Theatre, The University. 
NEWCASTLE AND DURHAM. 
Friday, November 12th, 1954, at 5.30 p.m. 


Bedson Club Lecture, The Comparative Organic Chemistry of Nitrogen, Phosphorus, 
and Arsenic, by Dr. F.G. Mann, F.R.S. To be given in the Chemistry Building, 
King’s College, Newcastle-on-Tyne. (All Fellows are invited.) 


Wednesday, November 24th, 1954, at 7.45 p.m. 


Lecture by Professor E. G. Cox, D.Sc. Joint meeting with the Royal Institute of 
Chemistry and the Society of Chemical Industry, to be held in the Science 
Building, South Road, Durham. 


Monday, November 29th, 1954, at 5.15 p.m. 


Lecture, Some Aspects of the Chemistry of the Amino-sugars, by Professor M. Stacey, 
Ph.D., D.Se., F.R.S. Joint meeting with The Durham Colleges Chemical , 
Society to be held in the Science Laboratories, The University, Durham. 


NORTHERN IRELAND. 
Monday, November Ist, 1954, at 7.45 p.m. 


Lecture, The Polymerisation of Sulphur, by Professor G. Gee, F.R.S. Joint meeting 
with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Lecture Theatre, Queen’s University, Belfast. 


NOTTINGHAM. 
Thursday, November 25th, 1954, at 4.45 p.m. 


Lecture by Professor A. Robertson, M.A., Ph.D., F.R.S. Joint meeting with the 
University of Nottingham Chemical Society, to be held at The University. 


SHEFFIELD. 


Thursday, November 18th, 1954, at 7.30 p.m. 


Lecture, The Regulation of Plant Growth with Chemicals, by Professor R. L. Wain, 
D.Sc., F.R.I.C. Joint meeting with the Royal Institute of Chemistry and 


Sheffield University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University. 


SOUTHAMPTON. 
Friday, November 26th, 1954, at 5.0 p.m. 


Tilden Lecture, Molecular Rearrangements, by Professor M. J. S. Dewar, M.A., 
D.Phil. To be given in the Chemistry Department, The University. 


SOUTH WALES. 
Friday, November 12th, 1954, at 6.0 p.m. 


Lecture, Reaetions of Some Organic Cations, by Professor H. Burton, D.Sc., F.R.L.C. 
Joint meeting with the Royal Institute of Chemistry, to be held in the Chemistry 
Department, University College, Swansea. 


Monday, November 22nd, 1954, at 5.30 p.m. 


Lecture, The Chemistry of Allenic Systems, by Professor E. R. H. Jones, D.Sc., F.R.S. 
To be given in the Chemistry Department, University College, Cardiff. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died. 
Ernest Augustus Dancaster (Christchurch, Hants.) May 5th, 1921. July 22nd, 1954. 
Herbert Vernon Hawley (Dorking) Feb. 17th, 1921. July 7th, 1954, 
James Waywell (Edmonton) May 18th, 1944. July 27th, 1954. 


ACKNOWLEDGMENT. 
Acknowledgment is made of a gift of the Society’s publications from Dr. D. Ambrose. 


LOCAL REPRESENTATIVES. 
The Council has accepted with regret the resignation of Dr. W. B. Orr as Local Represent- 


ative for Hull, and has appointed Dr. G. W. Gray as his successor. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants, and whose accounts have not been declared closed by the Council, 
are informed that reports must be received by the Society not later than November Ist, 
1954. 

Applications for grants, to be made on forms obtainable from the General Secretary, 


must be received on or before November 15th, 1954. Applications from Fellows will 
receive prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
inorganic and metallurgical chemistry, and that the income from the Perkin Memorial Fund 
is to be applied to investigations relating to problems connected with the coal-tar and allied 
industries. 


QUARTERLY REVIEWS. 
Quarterly Reviews, Vol. VIII, No. 3, will contain the following articles : 
“The mechanism of catalytic hydrogenation and related reactions,” by G. C. Bond. 
“Tsotopic exchange between different oxidation states in aqueous solution,” by 
C. B. Amphlett. 
“Dielectric absorption,’’ by Mansel Davies. 
“ Free-radical addition reactions of olefinic systems,” by J. I. G. Cadogan and 
D. H. Hey. 
It is expected that forthcoming issues will contain the following articles : 
“ Charge-transfer spectra and some related phenomena,” by L. E. Orgel. 
“ Specificity in catalysis by metals,’”’ by B. M. W. Trapnell. 
““ Modern aspects of the Friedel-Crafts synthesis,’ by G. Baddeley. 
‘‘ The reactions of organic fluorine compounds,” by W. K. R. Musgrave. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for September, 1954. Such objection 
will be treated as confidential. The forms of application are available in the Library.) 


*Ashurst, Kenneth George, B.Sc. (Manc.). British. 6 Bradford Street, Farnworth, Lancs. Research 
Student. Signed by: G. Gee, W. C. E. Higginson. 

Christie, Thelma Isabel, B.Sc. (Sydney). British. School of Applied Chemistry, New South Wales 
University of Technology, Harris Street, Ultimo, N.S.W., Australia. Demonstrator at New South 
Wales University of Technology. Signed by: R. J. Irving, R. S. Nyholm, L. N. Short. 

Cranmer, Venn, B.Sc. (Sydney). British. Flat 4, 66 Middle Head Road, Mosman, Sydney, New South 
Wales, Australia. Demonstrator at University of Technology. Signed by: L. N. Short, R. S. 
Nyholm, R. J. Irving. 

*Kardley, Stephen, B.Sc. (Liv.), A.R.I.C. British. Laboratory 50, Department of Organic Chemistry, 
The University, Liverpool 3. Research Student. Signed by: A. McGookin, M. L. Meara, W. B. 
Whalley. 

*Erni, Alexander Douglas Theodor, B.Sc. (Liv.), A.R.I.C. British. Department of Organic Chemistry, 
The University, Liverpool, 3. Research Student. Signed by: A. McGookin, M. L. Meara, 
W. B. Whalley. 

*Greiner, Richard William, B.S. (Bucknell). American. 14 Craig Avenue, Madison 5, Wisconsin, 
U.S.A. Graduate Student at the University of Wisconsin. Signed by: H. L. Goering, W. S. 
Johnson. 

*Holker, Kenneth Urmston, B.Sc. (Liv.). British. Loretto, Well Street, West Kilbride, Ayrshire. 
Research Chemist with Imperial Chemical Industries, Ltd. Signed by: A. K. Holliday, W. B. 
Whalley, A. McGookin. 

*Kennedy, Stanley Wallace, Ph.D. (Q.U.B.). British. Applied Chemistry Department. National 
Kesearch Council, Ottawa 2, Canada. Research Student. Signed by: R. G. R. Bacon, A. R. 
Pinder, A. R. Ubbelohde. 

*Preston, Arthur William. British. 16 Ingalara Avenue, Wahroonga, Sydney, New South Wales, 
Australia. Chemical Engineering Student at W. Herman Slade and Co. Pty. Ltd., Sydney. 
Signed by: R.S. Nyholm, G. W. K. Cavill, C. G. MacDonald. 

*Saunders, Keith John. British. Wadham College, Oxford. Student. Signed by: R. F. Barrow, 
E. J. Bowen. 

*Tildesley, Barbara Doris, B.A. (Cantab.). British. 28 Chrismas Avenue, Aldershot, Hants. Research 
Student. Signed by: H. J. Emeléus, A. G. Sharpe, B. Cox. 

Turner, Richard J., M.S. and Ph.D. (Yale). American. American Cyanamid Co., Bound Brook, New 
Jersey, U.S.A. Chief Chemist. Signed by: A.S. Tomcufcik, M. Hultquist, J. J. Denton. 

West, Gerald Lemont, B.Sc. (Dalhousie). Canadian. 380 Dutch Village Road. Fairview, Halifax, 
Nova Scotia. Defence Research Chemist at Naval Research Establishment, Halifax. Signed by: 
A. K. Light, S. Bywater. 

Zimmerman, Howard Elliot, Ph.D. (Yale). American. Department of Chemistry, Northwestern 
University, Evanston, Illinois, U.S.A. Instructor in Organic Chemistry. Signed by: G. H. 
Whitham. H. B. Henbest, R. Mirza. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


*Zahir, Sheik Abdul-Cader, B.Sc. (Ceylon). Ceylonese. 31, 14th Lane, Colpetty, Columbo 3, Ceylon. 
Assistant Lecturer in Chemistry (temporary), University of Ceylon. Signed by: M. U. S. 
Sultanbawa. 


* Reduced Subscription. 
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PAPERS ACCEPTED 
(List of Papers accepted for publication between July 29th and August 26th, 1954.) 


Numbers quoted are ‘‘ Reprint Order Numbers.’ Reprints may be ordered from the 
list below, or from the published Journal (January 1954, onwards). Orders must 
be sent to the General Secretary accompanied by a remittance for 5s. for each reprint or by 
the appropriate number of reprint vouchers. Reprint voucher books may be obtained, 
price 10s. per book of five vouchers, available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing 30 reprint vouchers at £1 10s. per book. 


5228. ‘Action of alcoholic potassium hydroxide on 3 : 4-dihydro-1-2’-nitrobenzyliso- 
quinolines.”” By T. R. GovinDACHARI and K. NAGARAJAN. 

5236. ‘Studies in spectroscopy. Part VII. Spectroscopic evidence for molecular- 
compound formation with iodine cyanide.”” By R. N. HASZELDINE. 

5265. ‘‘ The mechanism of decomposition of potassium permanganate in alkaline solution. 
Part II]. The use of water enriched in 180 as solvent."” By M. C. R. SYMons. 

5282. ‘‘ Properties of sulphuric acid solutions. Part II. The ionisation of acetic and 
benzoic anhydrides in sulphuric acid.””, By SAAD WASIF. 

5300. ‘‘Cyanamides. Part VII. Synthesis of arenesulphonylmelamines and arene- 
sulphonylammelides.””’ By FREDERICK KuRZER and J. Roy POWELL. 

5314. ‘‘ Properties of sulphuric acid solution. Part I. Transport-number measurements 
in sulphuric acid and oleum solutions.”” By SAAD WaASIF. 

5379. ‘‘ Oxidation of glycerol by periodates in alkaline solutions.”” By L. HARTMAN. 

5382. ‘‘ Reactions of metallic salts of acids. Part V. Synthesis of fluoro-dienes from 
fluoro-dicarboxylic acids.”” By R. N. HASZELDINE. 

5384. ‘‘ Proton-acceptor properties of carotene.”’ By ALBERT WASSERMANN. 

5405. ‘‘ Addition of free radicals to unsaturated systems. Part X. The reaction of 
hydrogen bromide with tetrafluoroethylene and chlorotrifluoroethylene.”” By R. N. 
HASZELDINE and B. R. STEELE. 

5423. ‘The caryophyllenes. Part X. Oxides from the caryophyllenes.” By G. R. 
RAMAGE and R. WHITEHEAD. 

5424. “ The caryophyllenes. Part XI. The structure of caryophyllene nitrosite.”” By 
G. R. RAMAGE, R. WHITEHEAD, and B. WILSON. 

5429. ‘ Physicochemical studies on starches. Part I. The characterization of the starch 
present in the seeds of the rubber tree, Hevea brasiliensis.” By C. T. GREENWOOD and 
J. S. M. RoBertson. 

5435. Adsorption at organic surfaces. Part I. Adsorption of organic compounds by 
polyamide and protein fibres, from aqueous and non-aqueous solutions."” By H. R. 
CHIPALKATTI, C. H. Gries, and (the late) D. G. M. VALLANCE. 

5445. “‘ Polarography with a stationary platinum plate electrode. Part I. The time of 
decay of the diffusion layer.” By S. E. S. Et. Wakkap, S. E. KHALAFALLA, and A. M. 
SHAMS EL Din. . } 

5448. “ The caryophyllenes. Part XII. The structure of humulene.’”’ By P. CLARKE 
and G. R. RAMAGE. 

5449. “ Organic oxidation processes. Part II. The reaction of lead tetra-acetate with 
toluene and related compounds.” By G. W. K. Cavitt and D. H. SoLomon. 

5452. “‘ Nuclear oxidation of flavones and related compounds. Synthesis of gardenin.” 
By V. K. Antuwa tia, S. K. MuKERJEE, and T. R. SESHADRI. 

5453.“ Synthetical experiments in the benzopyrone series. A synthesis of 6-C-methyltso- 
flavones.”’ By A. C. Menta and T. R. SESHADRI. 

5455.“ Organometallic and organometalloidal compounds containing fluorine. Part XI. 
The hydrolysis of trifluoromethyl-phosphorus compounds.”’ By F. W. BENNETT, H. J. 
EMELEus, and R. N. HAszELDINE. 

5460," The form of catalyst-poisoning curves,” By E, B, MAxTep and G, T. BALL, 


’ 
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5464. ‘‘ The reactions of highly fluorinated organic compounds. Part VI. Octafluoro- 
cyclohexa-1 : 3- and -1 : 4-diene and difluoromalonic acid.”” By D. E. M. Evans and 
J. C. TATLow. 

5466. “ An evaluation of methods using stearic acid and cellulose for the purification of 
amylopectin.”’ By G. A. GILBERT, C. T. GREENWOOD, and F. J. HyBart. 

5467. ‘‘ Oxidations with phenyl iodosoacetate. Part IV. The oxidation of substituted 
o-nitroanilines.””’ By K. H. PAUSACKER and J. G. SCROGGIE. 

5468. ‘‘ Oxidations with lead tetra-acetate. Part II. The oxidation of primary aromatic 
amines.”’ By K. H. PAUSACKER and J. G. SCROGGIE. 

5473. ‘‘ The synthesis of 4-deoxypyridoxine phosphates.’’ By R. F. Lone and A. L. 
MorRISON. 

5475. “ The action of organo-lithium compounds on quinoxaline. Molecular-compound 
formation involving the quinoxaline ring system.’’ By E. S. LANE and C. WILLIAMs. 

5480. “ 8-Hydroxyquinaldinic acid.”” By H. Irvine and A. R. PINNINGTON. 

5481. “ 1-2’-Pyridyltsoquinoline and the ferroin reaction.”” By H. Irvine and A. 
HAMPTON. 

5484. ‘“ Anthoxanthins. Part I. Selective methylation and demethylation.”” By T. H. 
StmMPSON and (in part) J. L. BETon. 

5486. ‘‘ Derivatives of the coloured compounds formed by condensation of furfuraldehyde 
with aromatic amines. The compounds of furfuraldehyde with two molecules of aro- 
matic amines.’’ By J. C. McGowan. 

5488. ‘‘ Miscellaneous quinazoline derivatives.’’ By K. SCHOFIELD. 

5489. ‘‘Macrozamin. Part VI. Positional and geometrical isomerism in mixed _ali- 
phatic—aromatic azoxy-compounds.”” By J. N. Broucu, B. LytHGor, and (in part) 
P. WATERHOUSE. 

5491. “‘ Trifluoromethyl-substituted benziminazoles.”” By R. BELCHER, A. SyKEs, and 
J. C. TATLow. 

5492. ‘ Heterocyclic derivatives of 1 : 2-5: 6-dibenzocyclohepta-l : 3: 5-triene.”’ Part 
II. 5-Aryl-2 : 3-6 : 7-dibenzo-1-thia-4-azacyclohepta-2 : 4: 6-trienes and their 1: I- 
dioxides.”” By C. I. Broprick, J. S. NicHoLson, and W. F. SHorRT. 

5493. “‘‘ Sugar phosphates. Part 1. Derivatives of glucose 4 : 6-(hydrogen phosphate) 
By J. BappiLey, J. G. BUCHANAN, and L. SzaBo. 

5495. “ Steroids and Walden inversion. Part XVII. The configuration of %-cholesterol 
and the attempted preparation of 4$-methoxy-5 : 7-cyclocholestane.”” By R. J. W. 
CREMLYN, R. W. REEs, and C. W. SHOPPEE. 

5496. “Steroids and Walden inversion. Part XVIII. The preparation and configur- 
ation of the epimeric 7-chlorocholestanes.’’ By R. J. CREMLYN and C. W. SHOPPEE. 
5498. ‘ The stability constants of the indium halides.”’ By B. G. F. CARLESON and H. 

IRVING. 

5500. “‘ Synthetical applications of the desulphurisation reaction. Part I. The synthesis 
of fatty acids.””. By G. M. Bapcer, J. H. Roppa, and W. H. F. Sasser. 

5501. “* Kinetics of the acidic and alkaline hydrolysis of ethoxycarbonylmethyltriethyl- 
ammonium chloride.” By R. P. Bett and F. J. Linpars. 

5502. ‘‘ Benzylpenicillinic thioanhydride.’’ By R. M. Evans and A. B. A. JANSEN. 

5503. ‘ The kinetics and mechanisms of addition to olefinic substances. Part I. Re- 
arrangement accompanying addition of hypochlorous acid to allyl chloride.’’ By 
P. B. D. DE LA MARE and J. G. PRITCHARD. 

5504. ‘The kinetics and mechanisms of addition to olefinic substances. Part II. 
Addition of chlorine to allyl alcohol. The intermediates involved in electrophilic 
addition reactions.”” By P. B. D. DE LA Mare and J. G. PRITCHARD. 

5505. “ The synthesis of 1 : 2: 4-oxadiazoles.’’ By KENNETH CLARKE. 

5506. ‘‘ Aromatic keto-enols. Part III. Some heterocyclic quinols.”” By A. BLACKHALL 
and R. H. THOMSON. | 

5507. ‘‘ Two serologically active polysaccharides from Bacillus anthracis.”’ By (the late) 
J. E. CAVE-BRownE-CavE, E. S. J. Fry, H. S. Et KuApem, and H. N. Rypon. 
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5509. ‘‘ Pteridine studies. Part V. The monosubstituted pteridines.’”” By ADRIEN 
ALBERT, D. J. BRown, and H. C. S. Woop. 

5510. ‘‘ The oxidation of americium to the sexavalent state.’”’ By M. Warp and G. A. 
WELCH. 

5511. ‘‘ Ion exchange in ultramarine.”” By R. M. BARRER and J. S. Raitt. 

5512. ‘‘Mycobactin. A growth factor for Mycobacterium johnet. Part III. Degrad- 
ation and tentative structure.”” By G. A. SNow. 

5514. ‘‘ Reactions of thiols and sulphides. Part II. Some reactions of sulphur analogues 
of Mannich bases.”” By F. PoppetsporF and S. J. Hott. 

5517. “‘ The fluorescence spectra of coronene and 1 : 12-benzoperylene at low temper- 
atures.”” By E. J. Bowen and B. BROCKLEHURST. 

5522. “Intramolecular acylation. Part V. Preparation and ring closure of some 
methoxy-l-naphthyl-acetic, -propionic, -butyric, and -«-ethylglutaric acids.” By A. L. 
GREEN and D. H. Hey. 

5523. “Studies with dithizone. Part VI. S-Alkyldithizones.” By H. Irvinc and 
C. F. BELL. 

5524. “ Steroidal alkaloids. Part III. The constitution and stereochemistry of cevine.”’ 
By D. H. R. Barton, C. J. W. Brooks, and P. DE Mayo. 

5525. ‘* Preparation of rhodanine derivatives as possible anthelmintics.’’ By ALEXANDER 
MACKIE and ANAND L. Misra. 

5529. “ Triazoles. Part IV. Ultra-violet absorption spectra of some | : 2 : 4-triazoles.”’ 
By M. R. Atkinson, E. A. PARKEs, and J. B. POLya. 

5530. “ Hydropteridines. Part II. Formyl derivatives of some 5 : 6: 7 : 8-tetrahydro- 
pteridines.” By J. H. Lister, G. R. RAMAGE, and E. CoATEs. 

5531. “‘ Chloryl fluoride and derivatives.”” By A. A. WOooLrF. 

5533. “1:2:4:6-Tetra-azaindenes and 1:4: 6-triazaindan-2-ones from 5-amino 
pyrimidines.”’ By F. L. Rose. 

5534. ‘“‘ The heat of solution of aluminium iodide. A correction.” By D. J. A. DEAR 
and D. D. ELry. 

5535. “Carotenoids and related compounds. Part V. Synthesis of corticrocin.”” By 
B. C. L. WEEDON. 

5536. “‘ Researches on polyenes. Part II. The synthesis of cosmene.”” By P. NAYLOR 
and M. C. Wuitinc. 

5538. “Internuclear cyclisation. Part XI. The synthesis of imd-N-methyl-«-carbo 
lines.” By R. A. ABRAMovitcH, D. H. Hey, and R. D. MULLEY. 

5539. “ The tuberculostatic activity of pyridyl-acid hydrazides.” By A. R. Karrirzky. 

5541. “Infra-red spectra of carbohydrates. Part III. Characterisation of deoxy- 
compounds.” By S. A. BARKER, E. J. BouRNE, R. STEPHENS, and D. H. WHIFFEN. 

5545. ‘‘ The action of magnesium and of Grignard reagents on certain benzyl ethers. 
Part II. The action of Grignard reagents on 0-, m-, and f-methoxy- and -phenoxy 
methylanilines.”” By FREDERICK G. MANN and FREDERICK H. C. STEWART. 

5546. “‘ Solutions of metal soaps in organic solvents. Part IV. Direct-current conduct- 
ivity in solutions of some metal oleates in toluene.” By S. M. NELson and R. C. PINK. 

5547. ‘‘ The photoisomerisation of some chloronitroso-terpenes.” By A. J. N. Hope and 
STOTHERD MITCHELL. 

5548. “‘ Synthesis of ‘ active methionine.’’’ By J. BADDILEY and G. A. JAMIESON. 

5549. “‘ Infra-red spectra of certain quinone diazides.”’ By R. J. W. LE FEvre, J. B. 
Sousa, and R. L. WERNER. 

“ Thermociiemistry of organo-boron compounds. Part V. Ethoxychloroborines.”’ 
y H. A. SKINNER and N. B. Sir. 

5551. “* Studies on the Diels—Alder reaction. Part III. The stereochemistry of perhydro- 
1 : 4-dioxophenanthrene and related compounds.” By P. A. RosBins and JAMES 
WALKER. 

“ Phthalaldehydes and related compounds. Part VI. Further studies on vicinal 
carboxyphthalaldehydes.” By JoHN BLatr and G. T. NEWBOLD. 
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5553. “ The isolation of oligosaccharides from gums and mucilages.’’ Part III. Golden- 
apple gum.”” By P. ANDREws and J. K. N. JONEs. 

5554. “‘ The Gray and Cruickshank method of calculating diamagnetic susceptibility of 
organic molecules.”” By C. M. FRENcH and D. Harrison. 

“The preparation of 2 : 3-diaminopyridine.”” By C. L. LEEsE and H. N. Rypon. 
“ Substituted fluoren-9-ols.’’ By C. L. Arcus and M. M. Coomss. 
. ‘‘12-Oxygenated pregnane derivatives. Part 1V. 21-Acectoxy-17«-hydroxypregn- 
4-ene-3 : 12 : 20-trione.”” By (Mrs.) W. J. ApAms, D. K. PATEL, and V. PETRow. 

5560. “Cyclic amidines. Part II. Derivatives of 2-amino-4-hydroxyquinoline.”’ By 
R. HARDMAN and M. W. PARTRIDGE. 

5564. “‘ Peroxides of tetrahydrocarbazole and related compounds. Part VI. Some 
indoleninyl hydroperoxides.”” By R. J. S. BEER, T. DONAVANIK, and ALEXANDER 
ROBERTSON. 

5565. “Constituents of ‘Cortex Piscidiae Erythrinae’. Part II. The synthesis of 
O-methylpiscidic acid.” By A. L. J. Buckie, A. McGooxtn, and ALEXANDER 
ROBERTSON. 

5570. ‘‘ Some salts of secondary amines and of their condensation products with car- 
bonyl compounds.” By M. LAMCHEN, W. PuGu, and A. M. STEPHEN. 

5572. ‘‘ Properties of periodate-oxidised polysaccharides. Part IV. The products ob- 
tained on reaction with phenylhydrazine.”” By V. C. BARRY and P. W. D. MITCHELL. 

5579. “‘ Studies in the Baker-Venkataraman transformation. The Auwers synthesis of 
2-acylcoumaran-3-ones.”” By (Mrs.) E. M. Puitsin, W. I. A. O’SULLIVAN, and T. S. 
WHEELER. 

5580. “‘ Sesquiterpenoids. Part V. The stereochemistry of the tricyclic derivatives of 
caryophyllene.” By A. ArsBi, D. H. R. Barton, A. W. BURGSTAHLER, and A. S. 
LINDSEY. 

5582. “‘ A descent of the sugar series based on ketose mercaptols.”’ By E. J. BoURNE 
and R. STEPMENS. 

5583. “‘ Ethyl 6-acetylindane-l-carboxylate.’’ By V. AskAm and W. H. LINNELL. 

5585. ‘‘ 6-Aroylpropionic acids. Part IV. Further observation on the Fries rearrange- 
ment.’’” By W. I. Awan, F. G. BAppDArR, and A. E. MAREI. 

5588. ‘Interaction of polynitro-compounds with aromatic hydrocarbons and _ bases. 
Part XIII. The effect of changing the nitro-compound.”’ By B. DALE, R. Foster, 
and D. Lit. HAMMICcK. 

5589. “‘ The pattern of picrate formation in the pyridylquinoline series.’ By R. A. 
ABRAMOVITCH. 

5591. “‘ The structure of terrein.’”” By JOHN FREDERICK GROVE. 

5599. ‘“ Aluminium phosphates: phase-diagram and ion-exchange studies of the system 
aluminium oxide—phosphoric oxide-water at 25°.’’ By R. F. JAMEson and J. E. 
SALMON. 

5603. “‘ Dehydration of lycorine.”” By J. W. Cook, J. D. Loupon, and P. McCLosKeEy. 

5612. ‘A new pyridine complex of selenium tetrafluoride.”” By E. E. AYNSLEY and 
(;. HETHERINGTON. 

5613. ‘‘ The formation of o-xylene through 4 : 5-dimethylenecyclohexene.”’ By JOAN E. 
Lapsury and E, E. TURNER. 

5624. ‘‘ A reaction of 2-chlorocycioheptatrienone.”” By J. W. Cook, J. D. Loupon, and 
R. K. RAzpDAn. 

5626. “‘ Colchicine and related compounds. Part XIII.’’ By J. W. Cook, J. D. Loupon, 
and R. K. RAzpaAn. 
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2nd edition. [London] 1954. pp. 
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ALL. London [1954]. pp. {1i] + 7. ill. [Two 


Science and 
South- 
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1954. 
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The Society. $3. (Reed. 
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Series, No. 
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SmitH. Chicago 1951. pp. xxxiil + 360. ill, 
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Bureau of Standards. 
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M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
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G. A. Swan, B.Sc., Ph.D., F.R.I.C., Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
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University, Belfast. 
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N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 
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University, 


October, 1954 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING DECEMBER, 1954 
LONDON. 


Thursday, December 2nd, 1954, at 7.30 p.m. 
The following papers will be read and discussed : 


“The structure of infusible white precipitate from nuclear resonance spectra.” 
By C. M. Deeley and R. E. Richards. 
‘“5-Covalent tripyridyl complexes of bivalent metals.” By D. E. C. Corbridge 
{ and E. G. Cox. 
‘Vibrational spectra and structures of some acid hydrates.’’ By D. J. Millen and 
E. J. Vaal. 


To be held in the Rooms of the Society, Burlington House, W.1. 


Thursday, December 16th, 1954, at 7.30 p.m. 


Hugo Miiller Lecture, Some Newer Aspects of the Organic Chemistry of Nitrogen, by 
Professor G. R. Clemo, D.Sc., F.R.S. To be given in the Rooms of the Society, 
Burlington House, W.1. 


ABERDEEN. 
Friday, December 10th, 1954, at 7.30 p.m. 


Lecture, Terylene, by Mr. J. R. Whinfield, M.A. Joint Meeting with the Royal 
Institute of Chemistry and the Society of Chemical Industry, to be held at 
Robert Gordon’s Technica! College. 


BIRMINGHAM. 
Friday, December 3rd, 1954, at 4.30 p.m. 


Lecture, Some Aspects of the Organic Chemistry of Phosphorus, by Professor H. N. 
Rydon, D.Sc., D.Phil., F.R.I.C. Joint Meeting with Birmingham University 
Chemical Society, to be held in the Chemistry Department, The University. 


BRISTOL. 
Thursday, December 2nd, 1954, at 7.0 p.m. 


Joint Meeting with the Royal Institute of Chemistry, Society of Chemical Industry, 
Chemical Engineering Group, and the Institute of Metals, to be held in the 
Department of Chemistry, The University. 


CAMBRIDGE. 
Friday, December 3rd, 1954, at 8.30 p.m. 


Lecture, The #olymerisation of Vinyl Ethers, by Professor D. D. Eley, M.Sc., Ph.D. 
Joint Meeting with the University Chemical Society, to be held in the Chemical 
Laboratory, The University. 


EDINBURGH. 
Thursday, December 9th, at 7.30 p.m. 


Lecture, Reeent Researches in Crystallography, by Professor Kathleen Lonsdale, 
D.Sc., F.R.S. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held at the North British Station Hotel. 


EXETER. 
Friday, December \7th, 1954, at 5 p.m. 


Lecture, There and Back again; Some Aspects of the Problem of Hysteresis, by 
Professor D. H. Everett, M.B.E., D.Phil. To be given in the Washington 
Singer Laboratories. 


HULL. 


Thursday, December 9th, 1954, at 7.30 p.m. 

Lecture, Chemotherapy and Essential Trace Elements, by Professor Adrien Albert, 
Ph.D., D.Sc., F.R.I.C. Joint Meeting with the Royal Institute of Chemistry, 
to be held in the Chemistry Department, The University. 

IRISH REPUBLIC. 
Wednesday, December 8th, 1954, at 7.45 p.m. 

Lecture, Paul Ehrlich 1854—1915, by Dr. J. G. Belton, M.Sc., A.R.I.C. To be given 
in the Chemistry Department, University College, Dublin. 

LEEDS. 
Monday, December 13th, 1954. 


Royal Institute of Chemistry Lecture, Configuration and Properties of Polymer 
Molecules in Dilute Solution, by Professor P. J. Flory, Ph.D. Joint Meeting 
with Bradford Chemical Society to be held at Bradford. (All Fellows are 
invited.) 


LIVERPOOL. 


Thursday, December 2nd, 1954, at 5 p.m. 


Lecture, Maerozamin and the Aliphatic Azoxy-compounds, by Professor B. Lythgoe, 
M.A., Ph.D. Joint Meeting with the University Chemical Society, the Royal 
Institute of Chemistry, the Society of Chemical Industry, and the British 
Association of Chemists, to be held in the Chemistry Lecture Theatre, The 
University. 


MANCHESTER. 


Thursday, December 2nd, 1954, at 6.30 p.m. 

Lecture, Configuration and Properties of Polymer Molecules in Dilute Solution, by 
Professor P. J. Flory, Ph.D. Joint Meeting with the Institute of Physics to 
be held in the Chemistry Lecture Theatre, The University. 

NEWCASTLE AND DURHAM. 
Friday, December 3rd, 1954, at 4 p.m. 


Meeting for the Reading of Original Papers. To be held in the Chemistry Building, 
King’s College, Newcastle-on-Tyne. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
Anthony Lewis Levy (Berkeley, California) Mar. 16th, 1944. Aug. 21st, 1954. 
Harold Blythen Stevens (Wallington) May 4th, 1905. Aug. 25th, 1954. 
Thomas Crosbie Walsh (Purley) Feb. 18th, 1903. Sept. 7th, 1954. 


LIBRARY OF THE CHEMICAL SOCIETY. 


The Council of the Chemical Society announces with regret the retirement, on grounds 
of ill-health, of the Librarian, Mr. A. E. Cummins, who first joined the Library staff in 1919 
and was appointed Librarian in 1942. 

A presentation is to be made to Mr. Cummins to mark his retirement, and all who know 
him through the use of the Library and appreciate the services he has rendered are invited to 
contribute. Donations, which it is suggested shall not exceed ten shillings, should be sent 
to The Chemical Society, Burlington House, London, W.1. Cheques, etc., should be 
crossed ‘A. E. Cummins Presentation Fund.’ Part of the presentation will take the 
form of a book containing the signatures of the donors. Those contributing to the Fund 
are, therefore, requested to send, with their donation, a specimen signature on plain white 
paper to fill a space not exceeding 3 x } in. 


CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary 
Prize of 150 Guineas, is awarded annually to the chemist of either sex and of British 
Nationality, who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question the most meritorious contribution to experimental 
chemistry, and who shall not, at the date of publication, have attained the age of thirty-six 
years. The council has power to suspend the award in any year in which no suitable 
candidate presents himself or is brought to the notice of the Council. : 

Copies of the rules governing the award may be obtained from the General Secretary. 
Applications or recommendations in respect of the award for the year 1953 must be re- 
ceived not later than December “1st, 1954, and applications for the award for 1954 are 
due before the end of 1955. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for October, 1954. Such objection will be 
treated as confidential. The forms of application are available in the Library.) 


*Baird, James Clyde, jun., B.S. (Stanford). American. Department of Chemistry, The Rice Institute, 
Houston, Texas, U.S.A. Graduate Student. Signed by: M. Look, H. C. Prosser. 

*Barker, George Ernest. British. 75 Empire Road, Greenford, Middlesex. Chemical Assistant at 
North Thames Gas Board. Signed by: F. S. Facey, G. R. Boreham. 

*Crawford, Robert, B.A. (T.C.D.). British. 14 Hillsborough Drive, Belfast, N. Ireland. Research 
Student. Signed by: J. T. Edward, D. M. S. Wheeler, W. R. N. Williamson. 

*Fellows, David Raymond, B.Sc. (Lond.). British. 33 Kenmere Road, Welling, Kent. Research 
Chemist. Signed by:,G. H. Jeffery, A. I. Vogel. 

Girard, Maurice Victor. French. Flat 4, 11 Netherhall Gardens, Hampstead, N.W.3. Managing 
Director of the British Ceca Co., Ltd., Piccadilly, W.1. Signed by: M. H. M. Arnold, F. E. King. 

*Goltz, Gerhart Ernst, B.Sc. (Natal). South African. 21 Kelvin Place, Durban North, S. Africa. 
Temporary Lecturer at University of Natal. Signed by: H. A. Candy, E. A. Hartley. 

*Hayes, Alan, B.Sc. (Lond.). British. 25 Old Road, Failsworth, Manchester. Assistant Technical 
Officer at I.C.I. (Pharmaceuticals Division), Ltd. Signed by: J. A. Silk, J. K. Landquist. 
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*Hendrickson, James Briggs, B.S. (Calif.), M.A. (Harvard). American. Department of Chemistry, 
Birkbeck College, Malet Street, London, W.C.1. Postdoctoral research fellow. Signed by: P. de 
Mayo, E. Warnhoff. 

*Hubbard, Lynden Woffenden, B.Sc. (Nott.). British. 28 Burlingham Avenue, West Kirby, Cheshire. 
Applied research at Pilkington Bros. Ltd., St. Helens. Signed by: M. N. Leathwood, W. B. Price. 

Leah, George Roy, B.Sc. (Birm.). British. 15 Hillcrest Road, Bramhall, Cheshire. Headmaster at 
Hillcrest Grammar School, Bramhall. Signed by: J. O. Warwicker, H. A. Thomas. 

Lin, Yau-Tang, B.S. (Taihoku). Chinese. Department of Chemistry, National Taiwan University, 
Taipeh, Formosa. Professor of organic chemistry. Signed by: T. Nozoe, Chao-Tung Chen. 

*Morley, Derek James, B.Sc. (Lond.). British. 1 Broadway, Silver End, Witham, Essex. Research 
Student. Signed by: M. J. S. Dewar, P. M. G. Bavin, P. M. Maitlis. 

*Nichols, Bryan William, B.Sc. (Lond.). British. 29 Chanctonbury Chase, Redhill, Surrey. Research 
Student. Signed by: H. R. Watson, D. M. Cowan. 

Richardson, John Godwin Lightfoot, B.Sc. (Lond.). British. 8 Cromwell Road, Ribbleton, Preston, 
Lancs. Senior Science Master at Hutton Grammar School, Preston. Signed by: F. G. Donnan, 
C. K. Ingold. 

*Rinehart, Kenneth Lloyd, jun., B.S. (Yale), Ph.D. (Calif.). American. 452 Noyes Laboratory, Depart- 
ment of Chemistry, University of Illinois, Urbana, Illinois, U.S.A. Instructor in organic chemistry. 
Signed by: D. Y. Curtin, N. J. Leonard, E. J. Corey. 

*Savage, Stanley, B.Sc. (Nott.). British, 3 The Acres, Lower Pilsley, Nr. Chesterfield, Derbyshire. 
Student. Signed by: F.C. Laxton, S. C. Wallwork. 

Shapiro, David, Dr.Phil. (Kiel). Israeli. The Weizmann Institute of Science, Rehovot, Israel. Re- 
search. Signed by: Y. Hirshberg, E. Fischer. 

*Sheltop, Richard, B.A. (Oxon.). British. Keble College, Oxford. Undergraduate. Signed by: 
H. Irving, G. D. Parkes, D. A. Long. 

*Sidky, Mahmoud Mohamed, B.Sc. (Cairo). Egyptian. Chemistry Department, Faculty of Science, 
University of Cairo, Giza, Egypt. Demonstrator. Signed by: A. Mustafa, M.I. Ali. 

*Vale, Raymond Lester, B.Sc. (Lond.). British. 260 Tennal Road, Harborne, Birmingham. In- 
dustrial Research Chemist. Signed by: A. G. Catchpole, M. S. J. Twiselton. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD 

Blake, Jules, M.S. and Ph.D. (Penna.). American. 619 Sherman Road, Springfield, Delaware County, 
Pennsylvania, U.S.A. Research Chemist at E. I. du Pont de Nemours. Signed by: J. R. Chalmers. 

Halpern, Benjamin David, B.S. (M.I.T.), Ph.D. (Notre Dame). American. 511 Lancaster Street, 
Leominster, Massachusetts, U.S.A. Chemist. Signed by: C. Yuan. 

Pratt, Richard J., M.S. and Ph.D. (Wayne). American. 2118 W. Le Moyne Street, Chicago 22, Illinois 
U.S.A. Research Associate in Goldblatt Hospital, University of Chicago. Signed by: H. 
Jacobson. 


* Reduced subscription. 


PAPERS ACCEPTED 


(List of Papers accepted between August 27th and September 24th, 1954, for publication 
in the Journal.) 

Numbers quoted are “ Reprint Order Numbers.’’ Reprints may be ordered from the 
list below, or from the published Journal (January, 1954, onwards). Orders must be sent 
to the General Secretary accompanied by a remittance for 5s. for each reprint or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained, price 
10s. per book of five vouchers, available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing 30 reprint vouchers at {1 10s. per book. 


, 


5210. “ Effect of solid surfaces on the propagation of flame through ethylene—air 
mixtures.”” By M. F. Hoare and J. W. LInnetT. 
5341. “ Thiophen derivatives of biological interest. Part VIII. 2-Arylthiophens, 


, 


2 : 4-diarylthiophens, and 2 : 4-diarylselenophens.’ 
Buu-Hoi, and RENE Royer. 

5389. ‘‘ Some observations concerning the theory of aromatic substitution.” By P. B. D. 
DE LA MARE. 

5421. “ Continuous electrophoresis on paper.” By G. Dicastro and M. SAN Marco. 


By PIERRE DEMERSEMAN, Nc. PH. 
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5431. ‘‘ Proximity effects in the interpretation of the dissociation constants of primary 
aromatic amines.” By R. N. BEALE. 

5432. “‘ Intermolecular complex formation between iodine or iodine cyanide and organic 
molecules : vibrational spectra.” By D. L. GLusKER and H. W. THompson. 

5446. ‘‘ The Sy mechanism in aromatic compounds. Part VIII.” By G. PETER BRINER 
and JOSEPH MILLER. 

5476. ‘‘ The synthesis and reactions of branched-chain hydrocarbons. Part V. Oxid- 
ation of 2: 2: 4-trimethylpentane and of 2 : 2 : 4 : 6: 6-pentamethylheptane by chromic 
oxide.”” By D. P. ARCHER and W. J. HICKINBOTTOM. 

5479. ‘‘ The synthesis of di-5-pyrimidiny! sulphides and disulphides.”” By G. R. BARKER, 
NypiA G. Lutuy, and (in part) M. M. Duar. 

5494. ‘ An examination of the Ericaceae of Hong Kong. The occurrence of ursolic acid.” 
By H. R. ARTHUR and (Miss) W. H. Hut. 

5515. “‘ The reaction of epoxides with carboxylic acids.”” By W. J. HickInBoTrom and 
D. R. Hoe. 

5516. “ Reactions of unsaturated compounds. Part XI. The oxidation of 2 : 3-di- 
methylbut-2-ene by chromic acid.’’ By W. J. HickinBotrom, D. R. Hoae, D. PETERs, 
and D. G. M. Woop. 

5519. ‘‘ Intensities of vibration bands. Part VI. Alkyl esters.’”’ By R. A. RUSSELL 
and H. W. THOMPson. 

5520. “ Intensities of vibration bands. Part VII. The NH group.” By R. A. RussELL 
and H. W. THompson. 

5521. ‘Intensities of vibration bands. Part VIII. The C=N group.” By M. W. 
SKINNER and H. W. THompson. 

5540. ‘‘ The nature of the co-ordinate link. Part IX. The dissociation constants of the 
acids #-R,M°C,H,°CO,H (M = C, Si, Ge, and Sn; R = Me and Et) and the relative 
strengths of d,-p, bonding in the M-C,, bond.”’ By J. Catt and A. A. WILLIAMS. 

5556. ‘‘ Some conformational aspects of neighbouring-group participation.” By G. H. 
ALT and D. H. R. Barton. 

5558. “‘ Reactions of organic azides. Part III. The synthesis of phenanthridines by the 
interaction of fluoren-9-ols with hydrazoic and sulphuric acids, and the mechanism of the 
rearrangement of the intermediate azides.” By C. L. Arcus and M. M. Coomss. 

5561. ‘‘ The chemistry of extractives from hardwoods. Part XVIII. The constitution 
of arjunolic acid, a triterpene from Terminalia arjuna.” By F. E. Kine, T. J. Kine, 
and J. M. Ross. 

5573. ‘‘ Anodic syntheses. Part XII. Synthesis of cis- and trans-octadec-11-enoic acid, 
with a note on the nature of ‘ vaccenic acid.’’’ By D. G. Bounps, R. P. LinsTEeap, 
and B. C. L. WEEDON. 

5574. “ Further studies on unstable optical activity in the N-benzoyldiphenylamine- 
carboxylic acid series.’”” By M. M. Harris, W. G. Potter, and E. E. TURNER. 

5575. “‘ The infra-red spectra of phosphorus compounds. Part II. Some salts of 
phosphorus oxyacids.”” By D. E. C. CorpripcE and E. J. Lowe. 

5578. ‘‘ The chemistry of the triterpenes and related compounds. Part XXVII._ Pini- 
colic acid A.””. By (Miss) Joyce M. Guiper, T. G. HALsaLt, and E. R. H. Jones. 

5581. :2: and hexaethylenetetr- 
amine. Part II. The properties of 1:2:2:4: ’ By 
F. G. MANN and A. SENIOR. 

5586. ‘‘ Steroids and Walden inversion. Part XIX. The configurations of the bromin- 
ation products of 6-oxocholestan-38-yl acetate.” By D. R. JAMEs and C. W. SHOPPEE. 

“ The heat of formation of auric and thallic fluorides.” By A. A. WooLr. 

““o-Mercapto-azo-compounds. Part VI. Preparation and structure of azo- 
benzene-2-sulpheny] derivatives.”” By A. BurAwoy, F. LiveRSEDGE, and c. E. VELLINS. 
With an appendix by G. W. R. BARTINDALE and G. FARRow. 

5598. ‘‘ The preparation of polonium metal and polonium dioxide.”” By K. W. BAGNALL 
and R. W. M. D’EYE. 
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5600. “ The chemistry of fungi. Part XXIV. The formation of diquinones.” By 
F. M. Dean, A. M. OSMAN, and ALEXANDER ROBERTSON. 

5604. ‘ Perfluoroalkyl derivatives of sulphur. Part I. Trifluoromethanesulphonic acid.”’ 
By R. N. HAszELDINE and J. M. Kipp. 

5605. ‘ Lycoris alkaloids. Part XXVIII. The constitution of lycorine and the synthesis 
of its degradation products.”’ By L. G. HumBER, HEISABURO KonpDo, K. KoTERA, S. 
TAKAGI, K. TAKEDA, W. I. TAytor, B. R. THomas, Y. TsupA, K. TsuKAMmoTO, S. UYEo, 
H. Yajima, N. YAMAI, and N. YANAIHARA. 

5608. ‘‘ Nuclear substitution by anions and self-union in 1 : 8-naphthalimide and its 
N-methyl derivative.” By WILLIAM BRADLEY and FRANK W. PEXTON. 

5609. ‘‘ Self-union reactions and nuclear substitution by anions in some ring homologues 
of quinoxaline.”” By WILLIAM BRADLEY and FRANK W. PEXTON. 

5610. ‘The direct hydroxylation of pyranthrone and amp/i-isopyranthrone.” By 
ALAN J]. BACKHOUSE and WILLIAM BRADLEY. 

5611. ‘‘ Pyrindane as a coal-tar base.”’ By P. ARNALL. 

5614. ‘‘ Azulenes. Part II. Application of the pinacone reduction to the synthesis of 
l-substituted azulenes.”” By DouGLAs LLtoyp and FREDERICK ROwE. 

5617. “ Triazoles. Part V. Derivatives of 3-amino-1 : 2: 4-triazole.”” By M. R. 
ATKINSON, A. A. Komzak, E. A. PARKES, and }. B. PoLya. 

5621. ‘‘isoCyanates. Part II. The Hofmann reaction with benzoylformamide.” By 
C. L. Arcus and B. S. PRYDAL. 

5623. ‘The action of Grignard reagents on anhydro-sugars of ethylene oxide type. 
Part III. The behaviour of methyl 2 : 3-anhydro-4 : 6-O-benzylidene-«-D-raannoside 
towards methyl-, ethyl-, and phenyl-magnesium iodide.’’ By G. N. RICHARDs. 

5625. ‘‘ Rearrangements of chromanones and dihydrocoumarins by aluminium chloride.”’ 
By J. D. Loupon and R. K. RAzpDAN. 

5627. ‘‘ The enzymic synthesis and degradation of starch. Part XIX. The action of 
R-enzyme on glycogen.”” By STANLEY PEAT, W. J. WHELAN, P. N. Hosson, and 
GWEN J. THOMAS. 


5631. ‘‘ Organosilicon compounds. Part X. The reaction between organosilylmethyl 
chlorides and iodide ion.””. By C. EABoRN and J. C. JEFFREY. 

5632. ‘The hydrolysis of aluminium salt solutions.” By R. K. SCHOFIELD and A. 
WORMALD TAYLOR. 

5639. ‘‘ The infra-red spectra of chelate compounds. Part I. Systems of keto-enol 
type.” By L. J. BELLAMy and L. BEECHER. 

5640. ‘‘ The infra-red spectra of chelate compounds. Part II. Metal chelate com- 


” 


pounds of 6-diketones and of salicylaldehyde.” By L. J. BELLAMy and R. F. BRANCH. 

5643. ‘‘ The bromination of acridine.” By R. M. AcuEson, T. G. Hou tt, and (in part) 
K. A. BARNARD. 

5655. “‘ The bromo- and iodo-hypophosphites of bivalent tin. By D. A. EVEREsT. 

5658. “‘ A synthesis of 4-deoxy-p-erythrohexulose.”” By P. A. J. Gorin, L. Houcu, and 
J. K. N. JONgEs. 

5673. ‘‘ Molecular compounds of quinolines and dihydric phenols.”” By J. F. CAVALLA. 

5683. ‘‘ «-Unsaturated aldehydes and related compounds. Part VI. Pyran derivatives 
from a-methylacraldehyde.” By R. H. HALL. 
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ADDITIONS TO THE LIBRARY 


I. Donations 
Books. 

FREEPORT SULPHUR COMPANY. The 
Sulphur Data Book. Edited by WiLi1AM N. 
TULLER. New York 1954. pp. vi + 143. 
(Reference.) McGraw-Hill. $5.00. 

From Professor W. Wardlaw. 

SOCIETY OF CHEMICAL INDUSTRY, and 
CASE INSTITUTE OF TECHNOLOGY. Adhesion 
and adhesives; fundamentals and practice. 
Papers read at a symposium held at Case 
Institute of Technology in Cleveland, Ohio, 
and a conference held in London, England. 
London 1954. pp. 229. ill. Society of 
Chemical Industry. 50s. (Recd. 14/9/54.) 

From the Society. 

STEACIE, EpGAR W. R. Atomic and 
free radical reactions. 2nded. 2 Vols. New 
York 1954. pp. x + 901. (American Chemi- 
cal Society Monograph Series, No. 125.) 
Reinhold. $28.00. (Recd. 24/9/54.) 

From the Author. 


II. By purchase 


BIOCHEMICAL SOCIETY. Symposium No. 
12. The chemical pathology of animal 
pigments. A symposium held . . . 20 Febru- 
ary 1954. Organised and edited by RicHarD 
TECWYN WILLIAMS. Cambridge 1954. pp. 
[iv] + 84. ill. [Two copies.] 

Butts, ALLISON. Editor. Copper. The 
science and technology of the metal, its alloys 
and compounds. New York 1954. pp. xii + 
936. ill. (American Chemical Society Mono- 
graph Series, No. 122. Reinhold. $20. 
(Recd. 31/8/54.) 


Morey, GEORGE W. The properties of 
glass. 2nd ed. New York 1954. pp ix 4 
591. ill. (American Chemical Society Mono- 
graph Series, No. 124.) Reinhold. $16.50. 
(Rtecd. 31/8/54.) 


LOCAL REPRESENTATIVES 


Aberdeen. 
Australia. 
Birmingham. 
Bristol. 
Cambridge. 
Canada. 
Ceylon. 
Edinburgh. 
Exeter. 
Glasgow. 


Hull. 
India. 


Irish Republic. 
Leeds. 
Liverpool. 


” 


Manchester. 


” 


Newcastle and 
Durham. 


New Zealand. 


Northern Ireland. 


North Wales. 

Nottingham. 

Oxford. 

Pakistan. 

St. Andrews and 
Dundee. 

Sheffield. 

South Africa. 


Southampton. 


South Wales. 


OF THE CHEMICAL SOCIETY 


R. H. Thomson, Ph.D., F.R.I.C., Chemistry Department, The University, Old 
Aberdeen. 

Professor A. J. Birch, M.Sc., D.Phil., Department of Organic Chemistry, The 
University, Sydney, N.S.W., Australia. 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

R. N. Haszeldine, B.Sc., Ph.D., University Chemical Laboratory, Pembroke 
Street, Cambridge. 

W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian Breweries 
Ltd., 496, Queen Street East, Toronto, 2, Canada. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.I.C., Department of Chemistry, 
The University, Colombo, Ceylon. 

T. R. Bolam, D.Sc., Chemistry Department, King’s Buildings, West Mains 
Road, Edinburgh. 

K. Schofield, B.Sc., Ph.D., Department of Chemistry, Washington Singer 
Laboratories, Prince of Wales’ Road, Exeter. 

D.S. Payne, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The University, 
Glasgow, W.2. 

G. W. Gray, B.Sc., Ph.D., Chemistry Department, The University, Hull. 

Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Secretary, Ministry of 
Natural Resources and Scientific Research, New Delhi, India. 

D. O’Tuama, M.Sc., Medical Research Council of Ireland, The Laboratories, 
Trinity College, Dublin. 

E. Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.R.I.C., Imperial Chemical Industries, Ltd., 
Research Department, Widnes Laboratory, Widnes. 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 

G. A. Swan, B.Sc., Ph.D., F.R.1.C., Department of Chemistry, King’s 
College, Newcastle-cn-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

R. G. R. Bacon, Ph.D., A.R.C.S., Chemistry Department, 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

C. C. Addison, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University, 
University Park, Nottingham. 

H. M. N. H. Irving, M.A., D.Phil., 
Laboratory, South Parks Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 

C. Horrex, M.A., Ph.D., Chemistry Department, 
St. Andrews. 

H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 

N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 

K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 


Queen’s 


F.R.1.C., Inorganic Chemistry 


The University, 


November, 1954 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


LONDON. 


Thursday, January 20th, 1955, at 7.30 p.m. 


Tilden Lecture, The Réle of the x-Electron in Aromatic Chemistry, by Professor 
H. C. Longuet-Higgins, M.A., D.Phil. To be given in the Large Chemistry 
Lecture Theatre, Imperial College of Science and Technology, South 
Kensington, S.W.7. 


ABERDEEN. 


Thursday, January 13th, 1955, at 7.30 p.m. 


Lecture, Application of Science in the Detection of Crime, by Dr. J. B. Firth, 
M.I.Chem.E., F.R.1.C. Joint meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, te be held at Robert Gordon’s Technical 


College. 


BIRMINGHAM. 


Friday, January 14th, 1955, at 4.30 p.m. 
Lecture, The Structures of Electron-deficient Substances, by Professor H. C. 
Longuet-Higgins, M.A., D.Phil. Joint meeting with Birmingham University 
Chemical Society, to be held in the Chemistry Department, The University. 


BRISTOL. 


Thursday, January 13th, 1955, at 7.0 p.m. 

Lecture, Some Experience cf Food Legislation during the War, by Sir Harry 
Jephcott, M.Sc., F.R.I.C. Joint meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held in the Department of 
Chemistry, The University. 


Thursday, January 27th, at 7.0 p.m. 


Lecture, Reeent Advances in the Bacteriological Examination of Water, by Dr. 
Windle Taylor. Joint meeting with the Royal Institute of Chemistry, Society 
of Chemical Industry, and the Seciety for Analytical Chemistry, to be held 
in the Department of Chemistry, The University. 


CAMBRIDGE. 


Friday, January 21st, 1955, at 8.30 p.m. 
Lecture, Recent Advances in Acetylene Chemistry, by Professor R. A. Raphael, 
Ph.D., A.R.I.C. Joint meeting with the University Chemical Society, to be 
held in the Chemical Laboratory, The University. . 


Friday, January 28th, at 8.30 p.m. 


Lecture, Topology and Chemistry, by Dr. A. F. Wells, M.A. Joint meeting with 
the University Chemical Society, to be held in the Chemical Laboratory, The 


University. 


EDINBURGH. 
Thursday, January 13th, 1955, at 7.30 p.m. 


Lecture, Organie Inclusion Compounds, by Professor W. Baker, D.Sc., F.R.LC., 
F.R.S. Joint meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held at the North British Station Hotel. 


HULL. 
Thursday, January 27th, 1955, at 6 p.m. 


Lecture, Some Modern Ideas of the Nature of the Covalent Bond, by Professor C. A. 
Coulson, D.Sc., F.R.S. To be given in the Chemistry Department, The 
University. 


LEEDS. 


Monday, January 17th, 1955, at 6.30 p.m. 


Lecture, Progress Towards Atomic Power, by Dr. R. Spence, C.B., F.R.I.C. Joint 
meeting with the Royal Institute of Chemistry to be held in the Chemistry 
Lecture Theatre, The University. (All Fellows are invited.) 


LIVERPOOL. 


Thursday, January 27th, 1955, at 5 p.m. 


Lecture, Structure and Properties of Synthetic Polypeptides, by Dr. C. H. Bamford, 
M.A., A.R.I.C. Joint meeting with the University Chemical Society, the 


Royal Institute of Chemistry, the Society of Chemical Industry, and the 
British Association of Chemists, to be held in the Chemistry Lecture Theatre, 
The University. 


MANCHESTER. 
Thursday, January 13th, 1955, at 6.30 p.m. 


Lecture, Colouring Matters of the Aphidids, by Sir Alexander Todd, M.A., D.Sc., 
F.R.L.C., F.R.S. Joint meeting with the Royal Institute of Chemistry and 
the Society of Chemical Industry, to be held in the Chemistry Lecture Theatre, 
The University. 


NORTH WALES. 
Thursday, January 27th, 1955, at 5.45 p.m. 


Lecture, Faetors Involved in the Formation of Carbonium Ions, by Professor A. G. 
Evans, D.Sc. Joint meeting with the University College of North Wales 
Chemical Society, to be held in the Department of Chemistry, University College 
of North Wales, Bangor. 


NOTTINGHAM. 


Thursday, January 27th, 1955, at 4.45 p.m. 


Lecture, Phenylation, by Professor D. H. Hey, D.Sc., F.R.I.C. Joint meeting with 
the University of Nottingham Chemical Society, to be held at The University. 


ST. ANDREWS AND DUNDEE. 


Friday, January 28th, 1955, at 5.15 p.m. 


Lecture, Recent Advances in Acetylene Chemistry, by Professor R. A. Raphael, 
Ph.D., A.R.I.C. Joint meeting with the University Chemical Society and the 
Royal Institute of Chemistry, to be held in the Chemistry Department, The 
University, St. Andrews. 


SHEFFIELD. 


Thursday, January 27th, 1955, at 7.30 p.m. 
Lecture, Some Naturally Occurring Polyacetylenes, by Professor B. Lythgoe, M.A., 
Ph.D. Joint meeting with Sheffield University Chemical Society, to be held 
in the Chemistry Lecture Theatre, The University. 


SOUTHAMPTON. 


Friday, January 14th, 1955, at 7 p.m. 


Lecture, Fission Products, by Mr. P. E. Carter, B.Sc., A.R.C.S., A.R.I.C. Joint 
meeting with Portsmouth and District Chemical Society, to be held at the 
Municipal College, Anglesea Road, Portsmouth. 


SOUTH WALES. 
Monday, January 24th, 1955, at 5.30 p.m. 


Lecture, Some Recent Advances in Photochemistry, by Professor R. G. W. Norrish, 
Se.D., F.R.S. To be given in the Chemistry Department, University College, 
Cardiff. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. J 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 


Harold Edgar Dryden (Boscombe) Feb. 16th, 1911. July 13th, 1954. 
Kaufman George Falk (New York) June 18th, 1908. Nov. 22nd, 1953. 
Arnold Turner (Eastbourne) Dec. 3rd, 1903. Sept. 22nd, 1954. 


LONGSTAFF MEDAL 1954. 
The Longstaff Medal for 1954 has been awarded to Sir John Lennard-Jones. 


ACKNOWLEDGMENTS. 

The thanks of the Council have been conveyed to Dr. J. M. Fletcher for a donation 
to the Society’s funds, and to Mr. M. H. Beeby and Mr. W. B. Saville for gifts of the 
Society’s publications. 


ELECTION OF NEW FELLOWS. 
The following 15 candidates were elected Fellows of the Society on October 14th, 
1954 : 
Kenneth George Ashurst. Arthur William Preston. 
Thelma Isabel Christie. Keith john Saunders. 
Venn Cranmer Barbara Doris Tildesley. 
Stephen Eardley. Richard J. Turner. 


Alexander Douglas Theodor Erni. Gerald Lemont West. 
Richard William Greiner. Sheik Abdul-Cader Zahir. 
Kenneth Urmston Holker. Howard Elliot Zimmerman. 


Stanley Wallace Kennedy. 


PRESENTATION TO MR. A. E. CUMMINS, LIBRARIAN. 

Fellows and others who wish to contribute to the Presentation to Mr. Cummins on 
his retirement as Librarian, referred to in the Proceedings for October, are reminded that 
donations, which it is suggested should not exceed ten shillings, should be sent to The 
Chemical Society, Burlington House, London, W.1. Cheques, etc., should be crossed 
“A. E. Cummins Presentation Fund” and should be accompanied by a specimen 
signature on plain white paper to fill a space not exceeding 3 x # in. 


LIBRARY. 
The Library will close for the Christmas Holidays at 1 p.m. on Thursday, December 
23rd, and re-open at 10 a.m. on Wednesday, December 29th, 1954. 


XIVth INTERNATIONAL CONGRESS OF PURE AND APPLIED CHEMISTRY 

COVERING ORGANIC CHEMISTRY. 

Copies of the final circular issued by the organising committee for the Congress to be 
held in Zurich from July 21st to 27th, 1955, are now available. Fellows may obtain a 
copy on application to the General Secretary, The Chemical Society, Burlington House, 
London, W.1. 


SOCIETY FOR VISITING SCIENTISTS. 

The attention of all Fellows is drawn to the facilities provided by the Society for 
Visiting Scientists. The Society for Visiting Scientists, Ltd., 5 Old Burlington Street, 
London, W.1, established in 1944 seeks to be a focus for all scientists visiting the United 
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Kingdom, and to put them in touch with British scientists and with one another. The 
House of the Society provides a meeting place, a refectory, a bar and some residential 
accommodation. 

Among the Society’s activities is the holding of receptions in honour of groups of 
scientists visiting Britain, who thus have an opportunity of meeting at the House their 
British and overseas colleagues. Informal discussion meetings of general interest to 
scientists are organised; the Society provides a forum for topics which are outside the 
scope of specialised scientific societies but which are of importance to scientists as a whole. 

The Society’s Officers are Professor A. V. Hill, C.H., O.B.E., F.R.S. (President and 
Chairman), Professor F. J. M. Stratton, D.S.O., O.B.E., F.R.S., and Mr. A. Lang Brown, 
M.A. (Honorary Secretaries), and Professor Alexander Haddow, M.D., D.Sc., Ph.D. 
(Honorary Treasurer). 

The annual subscription is three guineas, with an entrance fee of one guinea. Overseas 
postgraduate students in science holding research grants may become Student Associates, 
paying an annual membership fee of one guinea; they pay no entrance fee. Other 
overseas members pay no annual subscription. but an entrance fee of five shillings. Further 
particulars may be obtained from the Assistant Secretary, Society for Visiting Scientists, 
Ltd., 5 Old Burlington Street, London, W.1. 


ANALYTICAL ABSTRACTS. 

Fellows are reminded that they may purchase Analytical Abstracts at the reduced rate 
of £1 10s. Od. per annum, including index, or {1 17s. 0d. if printed on one side of the paper, 
without the index. The normal cost is £2 10s. Od. per annum, including the index. 
Application should be made to the Secretary, Society for Analytical Chemistry, 7-8 Idol 
Lane, London, E.C.3. 


MINUTES OF SCIENTIFIC MEETINGS 


Minutes of a 
SCIENTIFIC MEETING 


held at Burlington House, London, W.1, on Thursday, October 14th, 1954, at 
7.30 p.m. 


The President, Professor W. Wardlaw, C.B.E., D.Sc., F.R.I.C., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at Burlington House on June 3rd, 1954, 
were taken as read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society : Gines Gurzman, A. E. Wright, 
Dov Elad. 


SCIENTIFIC COMMUNICATIONS. 

The following papers were read and discussed : 

‘Recent Work on Natural and Synthetic isoCoumarins.” By J. Grimshaw, R. D. 
Haworth, H. K. Pindred, and L. B. de Silva. 

“The Chemistry of Extractives from Hardwoods. Part XXI. Structure of Eperuic 
Acid.” By F. E. King and Gurnos Jones. 

“The Chemistry of y-Santonin. Part IX. Some Recent Investigations on the 
Position of the Double Bond.” By N. Chopra, Wesley Cocker, B. E. Cross, J. T. Edward, 
D. H. Hayes, and H. P. Hutchison. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for November, 1954. Such objection will 
be treated as confidential. The forms of application may be examined by Fellows at Burlington House.) 


*Abel, Edward William, B.Sc. (Wales), A.R.I.C. British. 13, Park Street, Kenfig Hill, Nr. Bridgend, 
Glam. National Service. Signed by: N. M. Cullinane, S. T. Bowden. 

*Anderson, Patricia, B.Sc. (Manc.) F.P.S. British. 63, Kenilworth Court, Putney, S.W.165. 
Demonstrator in Pharmaceutical Chemistry. Signed by: A. H. Beckett, N. J. Harper. 

*Armstrong, John Richard, M.Sc. and Ph.D. (New Brunswick). Canadian. London House, Guilford 
Street, London, W.C.1. Beaverbrook Research Scholar, Birkbeck College, University of London. 
Signed by: O. E. Edwards, D. H. R. Barton. 

Ashmore, Philip George, M.A. and Ph.D. (Cantab.). British. Department of Physical Chemistry, 
Free School Lane, Cambridge. University Lecturer. Signed by: R. N. Haszeldine, A. G. Sharpe. 

Ballou, Clinton E., Ph.D. (Wisconsin). American. Department of Biochemistry, University of Cali- 
fornia, Berkeley, California, U.S.A. Assistant Research Biochemist. Signed by: D. L. MacDonald, 
W. Z. Hassid. 

*Bartlett, Robert Kenneth, B.Sc. (Sheffield). British. 92, Glenalmond Road, Sheffield, 11. Research 
Student, University of Sheffield. Signed by: T.S. Stevens, P. A. Toseland, W. D. Walsh. 

*Booth, David, B.Sc. (Leeds). British. 13, Kelso Road, Leeds, 2. Research Student. Signed by: 
K. J. Ivin, E. Rothstein. 

*Bradley, John Kenneth, B.Sc. (Lond.). British. 20, Gravel Pit Lane, Brantham, Nr. Manningtree, 
Essex. Chemist, Messrs. Fisons Ltd., Ipswich. Signed by: A. I. Vogel, G. H. Jeffery. 

*Brooke, Dennis Godfrey, B.A. (Oxon.). British. Keble College, Oxford. Research Student. Signed 
by: H. Irving, S. G. .P. Plant, G. D. Parkes. 

*Butcher, David Michael, B.Sc. (Lond.). British. 7, Vaughan Road, Stratford, E.15. Post-Graduate 
Student. Signed by; G. V. Boyd, F. L. Allen. 

*Churchman, Neil Mitchell, B.Sc. (Lond.). British. 35, Kenilworth Avenue, Derby. Junior Research 
Chemist, Boots Pure Drug Co. Ltd., Nottingham. Signed by: H. A. Stevenson, D. G. Wibberley. 

Clinton, Raymond O., M.A. and Ph.D. (California). American. Sterling-Winthrop Research Institute, 
Rensselaer, New York, U.S.A. Senior Chemist. Signed by: W.S. Johnson, E. A. Steck. 

*Daisley, Kenneth William, B.A. (Cantab.). British. Nuffield Laboratory of Ophthalmology, Walton 
Street, Oxford. Research on Lens Biochemistry. Signed by: K. W. Fuller, A. F. Prior, S. G. 
Waley. 

*Daniel, Daniel Salman. Iraqy. 19A, Stratheden Road, London, S.E.3. Research Student, Woolwich 
Polytechnic, S.E.18. Signed by: G. H. Jeffery, A. I. Vogel. 

*Devitt, Patrick Francis, B.Sc. (U.C.D.). Irish. 4, David Road, Drumcondra, Dublin. Research 
Student. Signed by: T.S. Wheeler, E. M. Philbin. 

*Dorion, George Henry, M.A. (Williams College). American. Wright Air Development Center, Area B. 
Box 8873, Wright-Patterson AFB, Ohio, U.S.A. Signed by: B. K. Morse, L. Spialter, S. Baldwin, 

*Elder, John Philip, B.Sc. (L‘pool.). British. 4, Laisteridge Lane, Bradford, 7. Research Scholar in 
Spectroscopy. Signed by: R. Hemming, D. G. Lewis. 

Foley, A., B.A. and B.Sc. (N.U.I.). Irish. University College, Ibadan, Nigeria. Lecturer. Signed 
by: C. W. L. Bevan, A. H. Rees. 

*Greenstreet, William Charles, B.Sc. (Lond.). British. 29, Dovedale Avenue, Ilford, Essex. Research 
Assistant. Signed by: J. A. W. Dalziel, J. F. Herringshaw. 

Haddock, Norman Hulten, B.Sc. (Lond.), F.R.I.C. British. 7, Canterbury Drive, Prestwich, Lancs. 
Research Chemist. Signed by: M. A. T. Rogers, S. Coffey. 

Hall, Desmond, B.Sc. (Dunelm). British. 43, Rainton Street, Seaham, Co. Durham. Research 
Assistant in Chemistry, University of Durham. Signed by: G. R. Martin, G. Kohnstam, S. J. 
Thomson. 

*Hay, Peter, B.Sc. (Dunelm). British. 45, Queens Road, Linthorpe, Middlesbrough. Chemist, I.C.I. 
Ltd. Signed by: E. Haworth, R. Raper, G. A. Swan. 

Henderson, Andrew William, Ph.D. (Edin.). British. 13, South Charlotte Street, Edinburgh, 2 
Research Chemist. Signed by: W.M. Ames, T. R. Bolam. 

*Hill, Russell John. British. 7, Langland Terrace, Brynmill, Swansea. Student. Signed by: K. W. 
Sykes, R. H. Davies. 

*Holroyd, Alan, B.Sc. (Manc.). British. 45, Shakespeare Road, Hanwell, London, W.7. Research 
Chemist. Signed by: J. E. Salmon, D. I. Stock. 
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Synthesis of trienes containing the 
The condensation of acetylmethylcyclo- 


Part III. The resolution and 
A partial asymmetric synthesis effected by 


Part VII. 


Colupulone.” By G. A. 


The configuration of cholesteryl- 


By A. A. 


‘‘ 2-o-Hydroxymethylphenyl-2-phenylpropan-l-ol and its reaction with hydrogen 
By E. L. ANDERSON and F. G. HOLLIMAN. 

“The resistance of Bact. lactis aerogenes (Aerobacter aerogenes) to 8-hydroxy- 
By D. E. F. HuGHEs and Sir Cyrit HINSHELWOOD. 

“The composition of Acacia cyanophylla gum.”” By A. J. CHARLSON, J. R. NuNN, 


Part VI. The 
By M. F. ANSELL, W. J. HICKIN- 


By P. A. J. Gorin, 


Part IV. The 
By P. ANDREWS 


‘The heat capacity ef nickel carbonyl and the thermodynamics of its formation 
By J. E. Spice, L. A. K. STAVELEY, and G. A. 


ADDITIONS TO 


I. Donations 
A. Books. 


AMERICAN CHEMICAL SOCIETY. Division 
of Rubber Chemistry. 1946—48 bibliography 
of rubber literature (including patents). 
Akron, Ohio 1954. pp. 484. (Reference.) 

From the Publishers : The Division. 

MARSDEN, CYRIL. Solvents and _ allied 
substances manual, with solubility chart. 
London 1954. pp. xii+ 429. (Reference.) 
Cleaver-Hume Pr. 70s. 

From the Distillers Company, Ltd. 

MEES, CHARLES EDWARD KENNETH. The 
theory of the photographic process. 2nd 
edition. New York 1954.° pp. x + 1133. ill. 
Macmillan. $21.50. (Recd. 13/10/54.) 

From the Author. 


THE LIBRARY 


TREVOR ILLTyD. The ele- 
ments of chromatography. London 1954. 
pp. [viii] + 90. ill. 9s. 6d. (Recd. 14/10/54.) 

From the Publishers : 
Messrs. Blackie & Son, Ltd. 


WILLIAMS, 


B. Pamphlets. 


Royal INSTITUTE OF CHEMISTRY. Lec- 
tures, Monographs and Reports 1954, No. 5. 
Food, chemistry and nutrition. By MaGnus 
Pyke. London [1954]. pp. [ii] + 20. [Two 
copies. | 


II. By purchase 


ALEXANDER, PETER, and MHUvUDSON, 
ROBERT FRANCIS. Wool; its chemistry and 
physics. London 1954. pp. viii + 404. ill. 
Chapman & Hall. 45s. (Recd. 5/10/54.) 
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AMERICAN ASSOCIATION FOR THE AD- 
VANCEMENT OF SCIENCE. Monomolecular 
layers. A symposium presented on December 
27, 1951, . . . Edited by Harry Soporka. 
Washington, D.C. 1954. pp. vii + 207. ill. 
The Association. $4.25. (Recd. 14/10/54.) 

BADGER, GEOFFREY MALCOLM. The 
structures and reactions of the aromatic com- 
pounds. Cambridge 1954. pp. x + 456. ill. 
Cambridge Univ. Pr. 63s. (Recd. 5/10/54.) 

BARNETT, ADAM JOHN GUILBERT. Silage 
fermentation. London 1954. pp. x + 208. 
ill. Butterworths. 27s. 6d. (Recd. 5/10/54.) 

BEERSTECHER, ERNEST, JUN. Petroleum 
microbiology. An introduction to micro- 
biological petroleum engineering. Houston, 
Tex. 1954. pp. xv + 375. ill. Elsevier. 55s. 
(Recd. 5/10/54.) 

BELCHER, RONALD, and GODBERT, A. L. 
Semi-micro quantitative organic analysis. 
2nd edition. London 1954. pp. x + 222. 
ill. Longmans. 21s. (Recd. 9/10/54.) 

BELLAMY, LIONEL JOHN. The infra-red 
spectra of complex molecules. London 1954. 
pp. xvii + 323. ill. Methuen. 35s. (Recd. 
5/10/54.) 

Bray, JoHN L. Ferrous process metal- 
lurgy. New York 1954. pp. ix + 414. ill. 
Wiley. $6.50. (Recd. 5/10/54.) 


CLARKE, HANS T., and NACHMANSOHN, 


Davip. Editors. Ion transport across mem- 
branes. Incorporating papers presented at a 
symposium held at the College of Physicians 
and Surgeons, Columbia University, October, 
1953. New York 1954. pp. xi + 298. ill. 
Academic Pr. $7.50. (Recd. 5/10/84.) 

COLLIER, HENRY OSWALD JACKSON. 
Chemotherapy of infections. London 1954. 
pp. xvi-+ 248. ill. (Frontiers of Science 
Series.) Chapman & Hall. 18s. (Recd. 
5/10/54.) 

COTTRELL, TOM 
strength of chemical bonds. 
pp. viii+ 310. ill. Butterworths. 
(Recd. 5/10/54.) 

Coutson, J. M., and RicHarpson, J. F. 
Chemical engineering. Vol. 1. Fluid flow, 
heat transfer and mass transfer. London 
1954. pp. viii + 370. ill. Pergamon Pr. 
38s. 6d. (Recd. 5/10/54.) 

CRAMER, FRIEDRICH. Paper chromato- 
graphy. 2nd edition. Translated by LEIGH- 
TON RicHARDS. London 1954. pp. xii + 124. 
ill. Macmillan. 25s. (Recd. 5/10/54.) 

Francis, G. E., MULLIGAN, W., and 
WorMALL, A. Isotopic tracers. A theoretical 
and practical manual for biological students 
and research workers. London 1954. pp. 
xvi + 306. ill. Athlone Pr. 37s. 6d. (Recd. 
5/10/54.) 


LEADBETTER. The 
London 1954. 
30s. 


FRANCIS, WILFRID. Coal; its formation 
and composition. London 1954. pp. viii + 
567. ill. Arnold. 84s. (Recd. 5/10/54.) 

HAMPEL, CLIFFORD A. Editor. Rare 
metals handbook. New York 1954. pp. xiii + 
657. ill. Reinhold. $12. (Recd. 14/10/54.) 

HIRSCHFELDER, JOSEPH O., CURTISS, 
CHARLES, F., and BirD, R. BYRON. Mole- 
cular theory of gases and liquids. New York 
1954. pp. xxvi+ 1219. ill. Wiley. $20. 
(Recd. 5/10/54.) 

HopGMAN, CHARLES D. Editor. Hand- 
book of chemistry and physics. A ready- 
reference book of chemical and physicai data. 
35th edition. Cleveland, Ohio 1953. pp. 
xxi + 3163. (Reference.) Chemical Rubber 
Pub. Co. $8.50. 

HorpveEr, Lord, Dopps, Sir CHARLES, and 
Moran, T. Bread. The chemistry and 
nutrition of flour and bread, with an intro- 
duction to their history and technology. 
London 1954. pp. xiv + 186. ill. Constable. 
18s. (Recd. 9/10/54.) 

JENSEN, Lioyp B. Microbiology of 
meats. 3rd edition. Champaign, Ill. 1954. 
pp. xvi + 422. ill. Garrard Pr. $6. (Recd. 
5/10/54.) 

JoRDAN, T. EARL. Vapor pressure of 
organic compounds. New York 1954. pp. 
ix + 266 + 166 plates. (Reference.) Inter- 
science. $14.50. 

LEWIS, WARREN K., RADASCH, ARTHUR 
H., and Lewis, H. Cray. Industrial 
stoichiometry. Chemical calculations of 
manufacturing processes. 2nd edition. New 
York 1954. pp. xi + 429. ill. McGraw-Hill. 
$7.50. (Recd. 5/10/54.) 

McELroy, Wit1tiAM D., and GLass, 
BENTLEY. Editors. A symposium on the 
mechanism of enzyme action, sponsored by 
the McCollum-Pratt Institute of the Johns 
Hopkins University. Baltimore 1954. pp. 
xvi + 819. ill. Johns Hopkins Pr. $11. 
(Recd. 5/10/54.) 

MANDL, F. Quantum mechanics. London 
1954. pp. vili + 233. ill. Butterworths. 
35s. (Recd. 5/10/54.) 

MATTHEWS, J. MERRITT. Matthews’ tex- 
tile fibers; their physical, microscopic, and 
chemical properties. 6th edition. Edited by 
HERBERT R. MAUERSBERGER. New York 
1954. pp. x+ 1283. ill. Wiley. $15. 
(Recd. 5/10/54.) 

MorGAN, JEROME J. Gasification of 
hydrocarbons. New York 1952. pp. |vi] + 
180. ill. Moore Pub. Co. $4.75. (Recd. 
9/10/54.) 

MoRrIssET, PAUL [and others]. Chromium 
plating. Teddington 1954. pp. 611. ill. 
Robert Draper. 78s. (Recd. 5/10/54.) 
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PHYSICAL SOCIETY. Rutherford—by those 
who knew him. Being the collection of the 
first five Rutherford lectures of the Physical 
Society. London 1954. pp. [vi] + 69. ill. 
The Society. 8s. 6d. (Recd. 5/10/54.) 

PRIGOGINE, I., and DEFAY, R. Chemical 
thermodynamics. Translated by D. H. 
EVERETT. London 1954. pp. xxxii + 543. 
ill. Longmans. 63s. (Recd. 9/10/54.) 

REDDISH, GEORGE F. Editor. Anti 
septics, disinfectants, fungicides, and chemical 
and physical sterilization. London 19654. 
pp. 841. ill. Henry Kimpton. 
(Recd. 5/10/54.) 

SACHS, ROBERT G. 
Cambridge, Mass. 1953. pp. xi + 383. ill. 
Addison-Wesley. $7.50. (Recd. 5/10/54.) 

SEBRELL, W. H., and HARRIS, ROBERT S. 
Editors. The vitamins; chemistry, physiology, 


£5 12s. 6d. 


Nuclear theory. 


York 1954. 
$16.50. 


pathology. Vol. 1. New 
xiii + 676. ill. Academic Pr. 
5/10/54.) 

SIERP, FRIEDRICH. Die gewerblichen und 
industriellen Abwiasser; Entstehung, Schad- 
lichkeit, Verwertung, Reinigung und Beseiti- 
gung. Berlin 1953. pp. xii+ 555. ill. 
Springer. DM49.50. .(Recd. 5/10/54.) 

SPELLACY, JOHN R. Casein, dried and 
condensed whey. San Francisco 1953. pp. 
[vii] + 523. ill. Lithotype Process Co. 
$12.50. (Recd. 5/10/54.) 

SURREY, ALEXANDER R. Name reactions 
in organic chemistry. New York 1954. pp. 
viii + 192. (Reference.) Academic Pr. $4. 

WINCHELL, ALEXANDER N. The optical 
properties of organic compounds. 2nd edition. 
New York 1954. pp. xviii + 487. ill. (Refer- 
ence.) Academic Pr. $12. 


PP. 
(Recd. 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. R. H. Thomson, Ph.D., F.R.I.C., Chemistry Department, The University, Old 
Aberdeen. 
Australia. Professor A. J. Birch, M.Sc., D.Phil., Department of Organic Chemistry, The 
University, Sydney, N.S.W., Australia. 
Birmingham. J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 
Bristol. P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 
Cambridge. R. N. Haszeldine, B.Sc., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge. 
Canada. W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian Breweries 
Ltd., 496, Queen Street East, Toronto, 2, Canada. 
Ceylon. M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.I.C., Department of Chemistry, 
The University, Colombo, Ceylon. 
Edinburgh. T. R. Bolam, D.Sc., Chemistry Department, King’s Buildings, West Mains 
Road, Edinburgh. 
Exeter. K. Schofield, B.Sc., Ph.D., Department of Chemistry, Washington Singer 
Laboratories, Prince of Wales’ Road, Exeter. 
Glasgow. D.S. Payne, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The University, 
Glasgow, W.2. 
Hull. G. W. Gray, B.Sc., Ph.D., Chemistry Department, The University, Hull. 
India. Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Secretary, Ministry of 
Natural Resources and Scientific Research, New Delhi, India. 
Irish Republic. D. O Tuama, M.Sc., Ph.D., F.1.C.I., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 
Leeds. E. Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 
Liverpool. A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 
D. W. Broad, Ph.D., A.R.I.C., Imperial Chemical Industries, Ltd., 
Research Department, Widnes Laboratory, Widnes. 
Manchester. G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 
M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 
Newcastle and G. A. Swan, D.Sc., Ph.D., F.R.I.C., Department of Chemistry, King’s 
Durham. College, Newcastle-on-Tyne, 1. 
New Zealand. Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 
Northern Ireland. R. G. R. Bacon, Ph.D., A.R.C.S., Chemistry Department, Queen’s 
University, Belfast. 
North Wales. J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 
Nottingham. C. C. Addison, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University, 
University Park, Nottingham. 
Oxford. L. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford. 
Pakistan. M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 
St. Andrews and C. Horrex, M.A., Ph.D., Chemistry Department, The University, 
Dundee. St. Andrews. 
Sheffield. H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 
South Africa. ‘Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 
Southampton. N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 
South Wales. K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 
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December, 1954 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING FEBRUARY, 1955 


LONDON. 
Thursday, February 3rd, 1955, at 7.30 p.m. 
The following papers will be read and discussed : 
“ Oenanthotoxin and Cicutoxin. Part II. Synthetic Experiments.” By 


(Miss) B. E. Hill, B. Lythgoe, S. Mirvish, and S. Trippett. 
“ Researches on Polyenes. Part III. The Synthesis and Light Absorption 


Properties of the Dimethylpolyenes.” By P. Nayler and M. C. Whiting. 
“Anodic Synthesis. Part XIV. The Use of Acetylenic Components. A 
New Synthesis of Oleic Acid.”” By B. W. Baker, R. P. Linstead, and B. C. L. 
Weedon. 
To be held in the Rooms of the Society, Burlington House, W.1. 


Thursday, February 17th, 1955, at 7.30 p.m. 


The following papers will be read and discussed : 


“‘ Binding in some Diatomic Molecules.”’ By J. W. Linnett. 
“The Pyrolysis of Organo-mercury Compounds.’”’ By H. V. Carter, E. I. 


Chappell, and E. Warhurst. 
“ The Use of Equilibrium Constants to calculate Thermodynamic Quantities. 


Part II.” By K. E. Howlett. 

To be held in the Rooms of the Society, Burlington House, W.1. 

Abstracts of the Papers for Discussion at either meeting may be obtained from 
the General Secretary. 


ABERDEEN. 


Friday, February 25th, 1955, at 7.30 p.m. 
Lecture, Corrosion Processes : their Causes and Prevention, by Dr. F. Wormwell. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemical 


Industry. To be held at Robert Gordon’s Technical College. 


BIRMINGHAM. 


Friday, February 4th, 1955, at 4.30 p.m. 
Official Meeting and Lecture, Some Recent Applications of the Study of Photo- 
chemistry to the Study of Reactions, by Professor R. G. W. Norrish, Sc.D., 

F.R.S. To be held in the Chemistry Department, The University. 


BRISTOL. 


Thursday, February 10th, 1955, at 7.0 p.m. 
The Hugo Miiller Lecture, Some Newer Aspects of the Organic Chemistry of Nitrogen, 
by Professor G. R. Clemo, D.Sc., F.R.LC., F.R.S. Joint meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry. To be 
held in the Chemistry Department, The University. 


Thursday, February \ith, at 7.0 p.m. 


Lecture, New By-produets from Coal, by Dr. W. Idris Jones, C.B.E., M.I.Chem.E. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry. To be held in the Department of Chemistry, The College of 
Technology, Gloucester. 


CAMBRIDGE. 


Friday, February 18th, 1955, at 8.30 p.m. 
Official Meeting and Lecture, The Physical Chemistry of Acetaldehyde Solutions, by 
Mr. R. P. Bell, M.A., F.R.S. Joint meeting with the University Chemical 
Society. To be held in the University Chemical Laboratory, Pembroke Street. 


EDINBURGH. 
Tuesday, February 1st, 1955, at 7.0 p.m. 
Lecture, The Formation of Tyrosine Melanin, by Professor G. R. Clemo, D.Sc., 
F.R.L.C., F.R.S. Joint meeting with the Royal Institute of Chemistry, the 
Society of Chemical Industry, and the University Chemical Society. To be 
held in the Biochemistry Lecture Theatre, Teviot Place. 


Thursday, February 24th, at 7.30 p.m. 


Lecture, Mechanics of Droplets and Bubbles in Diffusion Processes, by Professor 
F. H. Garner, O.B.E., Ph.D., F.R.L.C. Joint meeting with the Royal Institute 
of Chemistry and the Society of Chemical Industry. To be held at the North 
British Station Hotel. 


EXETER. 
Tuesday, February 8th, 1955, at 5 p.m. 


Lecture, A Topie in Alkaloid Chemistry, by Professor G. R. Clemo, D.Sc., F.R.L.C., 
F.R.S. To be given in the Washington Singer Laboratories. 


GLASGOW. 
Friday, February 18th, 1955, at 7.0 p.m. 


Annual General Meeting, to be followed by a Meeting for the Reading of Original 
Papers. To be held in the Royal Technical College. 


HULL. 
Thursday, February 10th, 1955, at 6.0 p.m. 
Lecture, Chromatography, by Dr. T. I. Williams, B.A., B.Sc. To be given at The 
University. 


IRISH REPUBLIC. 
Wednesday, February 9th, 1955, at 7.45 p.m. 
Tilden Lecture, The Réle of the = Electron in Aromatic Chemistry, by Professor 
H. C. Longuet-Higgins, M.A., D.Phil. To be given in The Chemistry Depart- 
ment, Trinity College, Dublin. 


LEEDS. 


Tuesday, February 8th, 1955, at 6.30 p.m. 
Lecture, Complexones, by Professor G. Schwarzenbach. To be given in the 
Chemistry Lecture Theatre, The University. 


Monday, February 21st, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, New Lamps for Old in Analytical Chemistry, 
by Dr. C. L. Wilson, M.Sé., F.R.I.C. To be given in the Chemistry Lecture 
Theatre, The University. (All Fellows are invited.) 


MANCHESTER. 


Thursday, February 17th, 1955, at 6.30 p.m. 


Lecture, Immunochemistry, by Professor M. Stacey, D.Sc., F.R.L.C., F.R.S. Joint 
meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry. To be held in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM. 


Friday, February 11th, 1955, at 5.30 p.m. 


Bedson Club Lecture, The Place of Theoretical Chemistry in Chemical Education, 
by Mr. R. P. Bell, M.A., F.R.S. To be given in the Chemistry Building, King’s 
College, Newcastle-on-Tyne. (All Fellows are invited.) 


Monday, February 14th, at 5.15 p.m. 


_ Lecture, Some Naturally occurring Polyacetylenes, by Professor B. Lythgoe, M.A., 
Ph.D. Joint meeting with Durham Colleges Chemical Society. To be held 
in the West Building, Science Laboratories, The University, Durham. 


Friday, February 25th, at 4.0 p.m. 


Meeting for the Reading of Original Papers. To be held in the Chemistry Building, 
King’s College, Newcastle-on-Tyne. 


NORTHERN IRELAND. 


Thursday, February 10th, 1955, at 7.45 p.m. 
Tilden Lecture, The Réle of the = Electron in Aromatic Chemistry, by Professor 
H. C. Longuet-Higgins, M.A., D.Phil. To be given in the Chemistry Lecture 
Theatre, Queen’s University, Belfast. 


Tuesday, February 22nd, 1955, at 7.15 p.m. 

Lecture, The Immunochemistry of the Pneumonococcus Polysaccharides, by Pro- 
fessor M. Stacey, Ph.D., F.R.I.C., F.R.S. Joint Meeting with the Royal Insti- 
tute of Chemistry. To be held in the Agriculture Lecture Theatre, Queen’s 
University, Belfast. 


NORTH WALES. 


Thursday, February 17th, 1955, at 5.30 p.m. 
Lecture, Some Aspects of Polysaccharide Research, by Professor Stanley Peat, 
D.Sc., F.R.S. Joint meeting with University College of Wales Chemical 
Society. To be held in the Edward Davies Chemical Laboratories, Aberystwyth. 


Thursday, February 24th, at 5.45 p.m. 
Pedlar Lecture, Some Problems in the Chemistry of the Hemicelluloses, by Professor 
E. L. Hirst, M.A., D.Sc., LL.D., F.R.S. Joint meeting with the University 
College of North Wales Chemical Society. To be held in the Department of 
Chemistry, University College of North Wales, Bangor. 


NOTTINGHAM. 
Thursday, February 10th, 1955, at 4.45 p.m. 
Lecture, Melting and Crystal Structure, by Professor A. R. Ubbelohde, M.A., D.Sc., 
F.R.S. Joint meeting with the University of Nottingham Chemical Society. 
To be held at The University. 
Monday, February 28th, at 5.0 p.m. 


Lecture, The Kinetics of Halogenation Reactions, by Mr. R. P. Bell, M.A., F.R.S. 
Joint meeting with Leicester University College Chemical Society. To be 
held at University College, Leicester. 


ST. ANDREWS AND DUNDEE. 


Friday, February 11th, 1955, at 5.15 p.m. 

Lecture, The Organic Chemistry of Phosphorus, by Professor H. N. Rydon, D.Sc., 
F.R.L.C. Joint meeting with the University Chemical Society. To be held in 
the Chemistry Department, The University, St. Andrews. 

Friday, February 25th, at 5.15 p.m. 


Lecture, Radiation Chemistry, by Professor F. S. Dainton, M.A., Ph.D. Joint 
meeting with the University Chemical Society. To be held in the Chemistry 
Department, The University, St. Andrews. 


SOUTHAMPTON. 


Friday, February 4th, 1955, at 5.0 p.m. 


Lecture, Recent Investigations in the Field of Vinyl Polymerisation, by Dr. C. H. 
Bamford, M.A., A.R.I.C. Joint meeting with Southampton University 


Chemical Society. To be held in the Chemistry Department, The University. 


Friday, February 18th, at 5.0 p.m. 


Lecture, Recent Work on Inclusion Compounds, by Professor W. Baker, M.A., 
D.Sc., F.R.LC., F.R.S. Joint meeting with Southampton University Chemical 
Society and Mid-Southern Counties Branch of the Royal Institute of Chemistry. 
To be held in the Chemistry Department, The University. 


Friday, February 25th, at 5.0 p.m. 


Lecture, Mineral Analysis, by Professor L. S. Theobald, M.Sc., A.R.C.S., F.R.L.C. 
Joint meeting with Southampton University Chemical Society. To be held in 
the Chemistry Department, The University. 


SOUTH WALES. 
Friday, February 4th, 1955, at 5.30 p.m. 


Lecture, The Adsorption of Vapours by Solids, by Professor D. H. Everett, M.B.E., 
M.A., D.Phil. Joint meeting with The University College of Swansea Chemical 
Society. To be held in the Chemistry Department, University College, Swansea. 


Monday, February 7th, at 5.30 p.m. 


Tilden Lecture, Molecular Rearrangements, by Professor M. J. S. Dewar, M.A., 
D.Phil. To be given in the Chemistry Department, University College, 
Cardiff. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
Sir Wallace (Alan) Akers, (Alton, Hants.) 

(Treasurer 1948—1954) May Ist, 1947. Nov. Ist, 1954. 
Frederic Sutcliffe Aumonier (Godalming)... Dec. 2nd, 1915. Oct. 26th, 1954. 
Moses Goodman Bane (Johannesburg) ... Dec. 6th, 1934. Sept. 23rd, 1954. 
Arthur Cheshire (Cottingham) Mar. 27th, 1941. Oct. 7th, 1954. 
Percy Edgerton (S.W.13) . 22nd, 1903. Oct. 16th, 1954. 
John Knaggs (Portsmouth) . 4th, 1919. July 10th, 1954. 
Michael John Laming (Cowes) May 6th, 1954. July 12th, 1954. 
Sir John (Edward) Lennard-Jones (Keele, 

Staffs.) . 16th, 1933. Nov. Ist, 1954. 


Edmonds Frank Mactaggart (Dorking) ... . 27th, 1941. August, 1954. 
Otto Oberlander (London, E.C.4) June 21st, 1907. Nov. 7th, 1954. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to Professor Linus Carl 
Pauling, who has been awarded a Nobel Prize for Chemistry. 

Congratulations have also been conveyed to the following Fellows on the award of 
Medals announced by the Royal Society : 


Royal Medal. 
Professor H. A. Krebs. 


Davy Medal. 
Professor J. W. Cook. 


ACKNOWLEDGMENTS. 


Acknowledgment is made of gifts of the Society’s publications from Mr. F. O. Isaac 
and Mr. A. H. O. Johnson. 


ELECTION OF NEW FELLOWS. 


The following 23 candidates were elected Fellows of the Society on November 18th, 
1954 : 


James Clyde Baird. 
George Ernest Barker. 
Jules Blake. 

Robert Crawford. 

David Raymond Fellows. 
Maurice Victor Girard. 
Gerhart Ernst Goltz. 
Benjamin David Halpern. 
Alan Hayes. 

James Briggs Hendrickson. 


Lynden Woffenden Hubbard. 


George Roy Leah. 


Yau-Tang Lin. 

Derek James Morley. 
Bryan William Nichols. 
Richard J. Pratt. 

John Godwin Lightfoot Richardson. 
Kenneth Lloyd Rinehart. 
Stanley Savage 

David Shapiro. 

Richard Shelton. 
Mahmoud Mohamed Sidky. 
Raymond Lester Vale. 
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VACANCIES ON COUNCIL. 


In accordance with the Bye-Laws, the following vacant places on the Council fall due 
to be filled at the Annual General Meeting to be held in London on Friday, Ist April, 1955 : 


No. of Names of Members who 
Office. Vacancies. are due to Retire. 
Honorary Secretary ONE Professor H. Burton 
Vice-Presidents who have not filled the Office of TWO Professor E. L. Hirst 
President Sir John Simonsen 
Elected Ordinary Members of Council : 
Constituency I (South-East England) Professor D. H. R. Barton 
Dr. J. Chatt 
Dr. F. B. Kipping 
Dr. E. A. Moelwyn-Hughes 
Constituency II, (Central and South-West ONE Dr. S. J. Gregg 
England and South Wales) 
Constituency III (North-West England, TWO ' Professor A. Robertson 
North Wales, and Isle of Man) Dr. M. A. T. Rogers 


Constituency V (Scotland) ONE Dr. N. Campbell 


The members who are to retire are not eligible for re-election to the same Office until 
after a lapse of one year. 

No vacancy arises for the Office of President, or in Constituencies IV and VI. 

In accordance with Bye-Law 23, the Council has nominated Professor F. Bergel to fill 
the vacancy in the Office of Honorary Secretary. Nominations by Fellows for the Offices 
of Honorary Secretary and of Vice-Presidents who have not filled the Office of President 
should be made in writing, and must be signed by at least twenty Fellows. 

Fellows resident in a constituency may nominate any Fellow resident in that con- 
stituency for election to the Council to fill a vacancy among Elected Ordinary Members of 
Council allotted to that constituency. Every such nomination must be in writing signed 


by at least fifteen Fellows resident in that constituency. 

Fellows may obtain forms of nomination from the General Secretary, and should state 
the vacancy for which they are requested. Every nomination must relate to one vacant 
place only, and must be accompanied by a signed declaration by the nominee that he is 
willing to accept office, if elected. Nominations must be received by the Society not later 
than Monday, February 14th, 1955. 


APPOINTMENT OF LIBRARIAN. 


The Council has appointed Mr. R. G. Griffin, F.L.A., to the post of Librarian in 
succession to Mr. A. E. Cummins, whose retirement has already been announced. 

Mr. Griffin is at present Librarian of the Brewing Industry Research Foundation at 
Nutfield, and he will take up his duties early in 1955. 


QUARTERLY REVIEWS. 
Quarterly Reviews, Vol. VIII, No. 4, will contain the following articles : 


‘ The reactions of organic fluorine compounds,” by W. K. R. Musgrave. 

‘“ Modern aspects of the Friedel-Crafts reaction,”’ by G. Baddeley. 

‘ The crystal structures of salt hydrates and complex halides,” by A. F. Wells. 
“ Specificity in catalysis by metals,” by B. M. W. Trapnell. 

‘‘ Charge-transfer spectra and some related phenomena,” by L. E. Orgel. 


[t is expected that forthcoming issues will contain the following articles : 


“ The principles of hydrogen isotope exchange reactions in solution,”’ by V. Gold and 
D. P. N. Satchell. 
‘‘ The application of mass spectrometry to chemical problems,” by W. J. Dunning. 
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MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held in the Large Chemistry Lecture Theatre, Imperial College of Science and Technology, 
South Kensington, London, S.W.7, on Thursday, November 4th, 1954, at 7.30 p.m. 


The President PROFESSOR W. WARDLAW, C.B.E., D.Sc., F.R.I.C., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at Burlington House on October 14th, 1954, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FEILOWS. 
The following were admitted Fellows of the Society: J. A. Christiansen, Jean M. 
Wilkins, Robert A. Shaw, Adel Sarofim, R. T. Harris. 


LECTURE. 


After a brief introduction the President called upon Professor J. A. Christiansen, 
Honorary Fellow, to deliver the Lecture entitled ““On Open and Closed Sequences in 
Reaction Kinetics.” At the conclusion of the Lecture a vote of thanks to Professor 
Christiansen, proposed from the Chair, was carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 


held in the Large Chemistry Lecture Theatre, Imperial College of Science and Technology, 
South Kensington, London, S.W.7, on Thursday, November 18th, 1954, at 7.30 p.m. 


The President, PROFESSOR W. WARDLAW, C.B.E., D.Sc., F.R.I.C., was in the Chair. 


MINUTES. 

The Minutes of the Scientific Meeting held in the Large Chemistry Lecture Theatre, 
Imperial College of Science and Technology on November 4th, 1954, were read, and were 
confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: Oliver E. Edwards, F. Fraser 
Ross, J. E. Manton, P. J. L. McIlmoyle, J. R. Barnard, Charles R. Worthing, K. F. Jennings, 
K. G. Wyness, E. W. Randall, P. Brookes, E. A. Lucken, G. O. Jolliffe, A. J. Roston, 
S. Patai, V. H. James, G. W. Miller. 


TILDEN LECTURE. 

The President called upon Professor M. J. S. Dewar, M.A., D.Phill., to deliver the 
Tilden Lecture entitled ‘‘ Molecular Rearrangements.’ At the conclusion of the Lecture, 
a vote of thanls to Professor Dewar, proposed from the Chair, was carried with acclamation. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for December, 1954. Such 
objections will be treated as confidential. The forms of application ave available in the Library.) 


Addy, John, B.Sc. (Leeds). British. 18, Doncaster Road, Ackworth, Nr. Pontefract, Yorks. Research 
Student. Signed by: G.C. Bond, E. Rothstein. 

Addy, Leslie Ernest, B.Sc. and Ph.D. (Leeds). British. 14, Mountbatten Street, Grangemouth, Stirling- 
shire. Research Chemist. Signed by: A. McLean, W. Webster. 

Ames, Geoffrey Robert, B.Sc. (Lond.). British. 4, Coney Hill Road, West Wickham, Kent. Research 
Assistant, The Polytechnic, London, W.1. Signed by: W. Davey, D. H. Richardson. 

Ansell, Kenneth Harding, B.Sc. (Lond.), A.R.C.S. British. 12, Mentmore Close, Kenton, Harrow, 
Middlesex. Research Student. Signed by: J. A. W. Dalziel, J. F. Herringshaw. 

Barnes, Walter Vernon, B.Sc. (Lond.), A.R.C.S. British. Organic Chemistry Department, Imperial 
College, South Kensington, S.W.7. Student. Signed by: E. A. Evans, J. H. Golden. 

Beasley, Yvonne Marion, B.Sc. (Lond.). British. 33, Park Avenue, Gillingham, Kent. Junior Research 
Chemist with British Drug Houses, Ltd. Signed by: F. Hartley, V. Petrow. 

Blues, Ernest Thompson, B.Sc. (Aberd.). British. 10, Springbank Terrace, Aberdeen. Research 
Student at The University, Aberdeen. Signed by: J. P. Ringe, R. H. Thomson. 

Bradshaw, Keith. British. 142, Highfield Road, Rushden, Northants. Student at The University, 
Nottingham. Signed by: C.C. Addison, J. C. Roberts. 

Bro, Per, B.S. (Case Inst. Tech.) M.Sc. (Yale). Norwegian. Department of Chemistry, Yale University, 
New Haven, Connecticut, U.S.A. Student. Signed by: C. N. Matthews, J. M. Sturtevant, 
H. H. Wasserman. 

Broadbent, Reginald Wilson. British. 17, Bermans Way, Neasden, N.W.10. Student at Acton 
Technical College. Signed by: J. H. Skellon, S. C. Bevan. 

Brown, Frank Walter. British. Trinity Hall, Cambridge. Student. Signed by: G. W. Kenner, 
E. A. Moelwyn-Hughes. 

Chessman, Clifford Reginald. British. 164, Windsor Avenue, Hillingdon, Middlesex. Industrial 
Chemist. Signed by: W. M. Seaber, R. A. Rabnott. 

Clark, Howard Charles, M.Sc. and Ph.D. (New Zealand), A.N.Z.I.C. British. c/o Chemistry Depart- 
ment, Auckland University College, Box 2553, Auckland, New Zealand. Junior Lecturer. 
Signed by: F. J. Llewellyn, L. H. Briggs, S. G. Brooker. 

Cole, David Harold. British. 65, Ashland Road, Nether Edge, Sheffield 7. Student at The University, 
Nottingham. Signed by: C. C. Addison, J. C. Roberts. 

Corbett, John Frank. British. 7, Avenue Mansions, St. Paul’s Avenue, London, N.W.2. Student at 
Acton Technical College. Signed by: J. H. Skellon, S. C. Bevan. 

Cox, Jeffrey, James. British. Bruan, Byfield Road, Woodford Halse, Nr. Rugby, Warwicks. Student. 
Signed by: H. M. N. H. Irving, F. M. Brewer. 

Davies, Mary, B.Sc. (Lond.). British, Elm Lodge, Englefield Green, Surrey. Research Student. 
Signed by: T. G. Bonner, K. Singer. 

Davies, Norman Robert, B.Sc. (Lond.), F.R.I.C. British. I.C.I. Butterwick Research Laboratories, 
The Frythe, Welwyn, Herts. University Lecturer. Signed by: G. A. Garalen, J. Chatt. 

Davies, Trevor, B.A. (Oxon.). British. 5, Warnborough Road, Oxford. Research Student at Oxford 
University. Signed by: L. A. K. Staveley, H. M. N. H. Irving. 

Eagles, Douglas Chester, M.Sc. (Mount Allison Univ.). Canadian. Connaught Hall, 18/20 Torrington 
Square, London, W.C.1. Student at Queen Mary College. Signed by: R. Pettit, P. M. Maitlis, 
M. J. S. Dewar. 

Fox, Brian Anthony, B.Sc. (Wales). British. 36, Evelyn Street, Barry, Glam. Assistant Lecturer at 
The Technical College of Monmouthshire, Crumlin. Signed by: G. Gratton, W. Hopkin. 

Foxley, Glenn Harold, B.Sc. (Lond.), A.R.I.C. British. 17, Denmore Road, Moston, Manchester, 10. 
Analytical Chemist. Signed by: R. Hull, S. Birtwell. 

Galandauer, Siegfried, B.Sc. (Lond.). British. 178, Lordship Road, London, N.16. Postgraduate 
Research Student. Signed by: P. B. D. dela Mare, Y. Pocker. 

Gandini, Andrea, D.Chim. (Rome). Italian. Istituto di Chimica Farmaceutica della Universita, Viale 
Benedetto XV 3, Genova, Italy. Professor at The University, Genova. Signed by: A. Mangini, 
R. Passerini. 

Garden, John Flett, B.Sc. (Aberd.). British. Rock Ivy, Cliff Terrace, Buckie, Banffshire. Research 
Student. Signed by: J. P. Ringe, G. R. Proctor. 

Guy, Robert Gerald, B.Sc. (Q.U.B.). British. 18, Edward Avenue, Larne, Co. Antrim, N. Ireland. 
Research Student. Signed by: R.G. R. Bacon, A. R. Pinder. 

Haines, Robert Markham, B.A. (Oxon.). British. 74, Walton Street, Oxford. Research Chemist. 
Signed by :,W. A. Waters, A. S. Bailey. 

Hardie, Raymond Ledingham, B.Sc. (Aberd.). British. 3, Westfield Gardens, Inverurie, Aberdeen- 
shire. Research Student. Signed by: M.C. Ford, R. H. Thomson. 
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Hayes, Norman Frank, B.Sc. (Aberd.). British. 268, Auchmill Road, Bucksburn, Aberdeenshire. 
Research Student. Signed by: R.H. Thompson, G. R. Proctor. 

Hill, John Hamon Massey, B.Sc. (Q.U.B.). British. Northern Bank House, Antrim, Co. Antrim, 
N.Ireland. Research Student. Signed by: R.G.R. Bacon, A. R. Pinder. 

Hinton, Ian Geoffrey. British. Pembroke College, Cambridge. Student. Signed by: F. G. Mann, 
R. H. Glauert. 

Horton, Derek, B.Sc. (Birm.). British. Chowrasta, St. Mary’s, Isles of Scilly. Student at The 
University, Birmingham. Signed by: J. C. Tatlow, M. Kapel. 

Howison, James William, B.Sc. (Aberd.). British. 16, Carnegie Crescent, Aberdeen. Research 
Student. Signed by: H. F. W. Taylor, R. H. Thomson. 

Humphreys, Keith Wood. British. Trinity Hall, Cambridge. Student. Signed by: G. W. Kenner, 
E. A. Moelwyn-Hughes. 

Isaacson, John Hugh. British. St. Simon’s Vicarage, Rockley Road, West Kensington, W.14. Under- 
graduate at Cambridge. Signed by: F. G. Mann, R. H. Glauert. 

Jenkinson, Donald Hugh, B.A. (T.C.D.). Irish. 13, Trinity College, Dublin. Research Student. 
Signed by: W. Cocker, D. C. Pepper. 

Jennings, Keith Robert. British. 25, Moorsyde Avenue, Crookes, Sheffield, 10. Student. Signed by: 
L. A. K. Staveley, R. E. Richards. 

Jones, Albert Stanley, B.Sc. and Ph.D. (Birm.). British. 255A, Mansel Road, Small Heath, 
Birmingham, 10. Lecturer at The University, Birmingham. Signed by: J. C. Tatlow, 
E. J. Bourne. 

Korytnyk, Wsewolod, B.Sc. (Adelaide). Ukrainian. 6, View Avenue, Seaton Park, South Australia 
Research Student at The University, Adelaide. Signed by: G. M. Badger, P. R. Jefferies. 

Lee, Cheuk Man, B.Sc. (Hong Kong.) Chinese. Ist Floor, 52, Bonham Road, Hong Kong. Demon- 
strator, Chemistry Department, University of Hong Kong. Signed by: J. E. Driver, H. R. Arthur, 
W. H. Hui. 

Lee, John Frederick, B.Sc. (Lond.). British. 9, Argyle Avenue, Hounslow, Middlesex. Student. 
Signed by: P. H. Gore, S. C. Bevan. 

Leonard, Patrick Gerald Noel, B.Sc. (N.U.I.). Irish. 51, Lower Mount Pleasant Avenue, Rathmines, 
Dublin. Research Student. Signed by: T.S. Wheeler, J. E. Gowan. 

Lingard, Richard George, M.Sc. (Lond.), A.R.C.S., D.I.C. British. 9, St. Andrews Road, London, W.14. 
Research Assistant. Signed by: A. H. Beckett, J. Walker. 

Linn, William Joseph, A.B. (Wabash Coll.), Ph.D. (Rochester). American. Chemical Department, 
Du Pont Experimental Station, Wilminton 98, Delaware, U.S.A. Research Chemist. Signed by : 
M. J. Hogsed, R. E. Miegel, J. L. Anderson. 

Lockhart, Joyce Colquhoun, B.Sc. (Gas.). British. 2, Rockhill Terrace, Hill Street, Dunoon, Argyll. 
Research Student. Signed by: G. Williams, J.C. D. Brand. 

McDonald, Richard Norman, B.S. (Wayne.). American. 18934, Stoepel, Detroit 21, Michigan, U.S.A. 
Student. Signed by: C. Djerassi, D. E. Trucker. 

McFarland, James William, B.A. (Chico State Coll.). American. Chemistry Department, University of 
California, Berkeley, 4, California, U.S.A. Graduate Student. Signed by: W. De Acetis, 
D. S. Noyce, A. Streitweiser. 

McLaughlin, Edward, B.Sc. (Q.U.B.). British. Department of Chemical Engineering and Applied 
Chemistry, Imperial College, Prince Consort Road, South Kensington, S.W.7. Research Student. 
Signed by: A. R. Ubbelohde, J. C. McCoubrey. 

McMahon, David Malcolm, B.Sc. (Q.U.B.). British. 29, Ashley Avenue, Lisburn Road, Belfast, 
N. Ireland. Research Student at Queen’s University, Belfast. Signed by: R. G. R. Bacon, 
A. R. Pinder. 

Maitra, Dhirendra Nath, B.Ch.E. (Bengal). Indian. 24, Lake View Road, Calcutta, 29, India. Chemist 
at The Calcutta Chemical Co. Ltd. Signed by: B. Maitra, S. R. Palit. 

Martin, Brian. British. 27, Ryecroft Avenue, Wolverhampton, Staffs. Student at Queen Mary 
College, London. Signed by: M. F. Ansell, D. M. Grove. 

Melmoth, Alan, B.A. (Cantab.). British. 3, Howlett’s Lane, Ruislip, Middlesex. Business Trainee. 
Signed by: R. N. Haszeldine, A. W. Johnson. 

Mills, Alfred Leonard. British. Tracey House, 148, Commercial Road, Bournemouth, Hants. Student 
at Bournemouth Municipal College. 

Mole, Thomas, B.Sc. (Lond.). British. 30, Ebury Street, London, S.W.1. Research Student. Signed 
by: R. Pettit, P. M. G. Bavin. 

Moussa, Gamal El] Din Mohamed Ahmed, M.Sc. (Cairo). Egyptian. Chemistry Department, Queen Mary 
College, Mile End Road,,E.1. Research Student. Signed by: W. J. Hickinbottom, K. N. Ayad. 

Murphy, Nigel Malcolm St. John. British. Lincoln College, Oxford. Undergraduate. Signed by: 
H. Irving, R. E. Richards, C. J. Danby. 

Nonhebel, Derek Charles, B.Sc. (Lond.). British. 58, Plaistow Lane, Bromley, Kent. Research 
Chemist. Signed by: W. A. Waters, A. H. Turner. 

Onyszchuk, Mario, M.Sc. (Western Ontario), Ph.D. (McGill). Canadian. University Chemical Lab- 
oratory, Pembroke Street, Cambridge. Research Student. Signed by: H. J. Emeléus, 
A. G. Maddock. 

Packham, Donald Ian, B.Sc. (Lond.), A.R.C.S. British. 17, Francis Avenue, Feltham, Middlesex. 
Research Student at Imperial College. Signed by: L. M. Jackman, J. A. Elvidge. 
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Packter, Alfred, B.Sc. (Liv.), Ph.D. (Lond.). British. 11, Kyverdale Road, London, N.16. Research 
Chemist at Messrs. F. W. Berk and Co. Signed by: D. J. Colwill, J. E. Adamson. 

Patki, Shrikrishna Janardan, B.Sc. (Bombay), B. Pharm. Indian. Chelsea School of Pharmacy, Manresa 
Road, London, S.W.3. Research Student. Signed by: A. H. Beckett, N. J. Harper. 

Reed, George Leonard. British. 61, Carlisle Road, Southsea, Hants. Student at Keble College, 
Oxford. Signed by: L. A. K. Staveley, G. D. Parkes. 

Richey, Herman, G., B.A. (Chicago). American. Room 1, Perkins Hall, Harvard University, 
Cambridge 38, Mass., U.S.A. Student and Teaching Fellow. Signed by: B. G. Christensen, 
J. Kochi, E. W. Robb. 

Richmond, Arthur. British. 52, Hurlfield Road, Sheffield, 12. Student at the Queen’s College, 
Oxford. Signed by: L. A. K. Staveley, J. W. Linnett. 

Rust, Robert Alexander, B.Sc. (Aberd.). British. Craigdam Manse, Tarves, Aberdeenshire. Research 
Student. Signed by: R.H. Thomson, M. C. Ford. 

Sampson, Roy John, B.Sc. (Lond.). British. 127, North Approach, Watford, Herts. Research 
Student. Signed by: M. J.S. Dewar, R. Pettit. 

Simons, John Philip. British. 8, Parkway, London, N.W.11. Student. Signed by: A. R. Murray, 
J. N. Agar. 

Swift, Derrick Stewart, B.Sc. (Lond.). British. Department of Chemistry, Birkbeck College, London, 
W.C.1. Research Student. Signed by: R.W. Pittman, G. J. Buist. 

Taylor, Michael. British. 80, Plane Tree Nest Lane, Halifax, Yorks. Student. Signed by: 
R. F. Webb, V. M. Ingram. 

Thompson, Morice William, M.C., M.A. and B.Sc. (Oxon.). British. 3, Dean Drive, Wilmslow, Cheshire. 
Research Chemist at I.C.I. Dyestuffs Division, Blackley, Manchester. Signed by: A. C. Farthing, 
M. A. T. Rogers. 

Thornton, Henry Rudd. British. 16, Green Lane, Thornaby-on-Tees, Stockton-on-Tees, Durham. 
Student. Signed by: J.C. Speakman, S. Horwood Tucker. 

Tomlin, John Ernest. British. Flat 44, 11, Crawford Place, London, W.1. Student. Signed by: 
J. F. J. Dippy, A. M. James. 

Wheatley, Timothy Fossett. British, The Queen’s College, Oxford. Undergraduate. Signed by: 
L. A. K. Staveley, J. W. Linnett. 

Willis, Christopher John. British. 11, The Lees, Shirley, Croydon, Surrey. Undergraduate at 
Cambridge University. Signed by: F.C. Mann, R. H. Glauert. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Adams, Roy Melville, B.A. (Sterling), M.S. and Ph.D. (Kansas). American. Geneva College, Beaver 
Falls, Pa., U.S.A. Professor and Chief Chemist. Signed by: W. E. McEwen. 

Boschan, Robert, B.S. and Ph.D. (Calif.). American. 700-A South Richmond Road, China Lake, 
California, U.S.A. Organic Chemist at U.S. Naval Ordnance Test Station, China Lake, California. 
Signed by: S. Winstein. 

Gustafsson, Charley, D.Phil. (Helsingfors). Finnish. Oy Keskuslaboratorio-Centrallaboratorium Ab, 
Hesperiag, 4, Helsingfors, Finland. Assistant Director of The Research Institute of the Finnish 
Pulp and Paper Industries. Signed by: W. Wahl. 

Klee, Gottfried, Gustav, M.Sc. (Purdue). German. 268, First Avenue, Ottawa, Ontario, Canada. 
Lecturer at Carleton College, Ottawa. Signed by: P.M. Laughton. 

Mechanic, Gerald, M.S. (New York). American. 3871, Sedgwich Avenue, Bronx, 63, New York, N.Y., 
U.S.A. Student. Signed by: A. K. Lazarus. 

Marcus, Martin John, B.Sc. (Carleton Coll.). Canadian. 100, Preston Street, Ottawa, Ontario, Canada. 
Patent Agent at Messrs. Gowling MacTavish, Osborne, and Henderson. Signed by: P.M. Laughton. 

Norris, William Phillip, B.A. and Ph.D. (Colorado). American. 312A, Langley Street, China Lake, 
California, U.S.A. Organic Chemist at U.S. Naval Ordnance Test Station, China Lake, California. 
Signed by: S. Winstein. 

Reed, Russell, jun., B.S. and Ph.D. (Calif.). American. 900F, Richmond, China Lake, California, U.S.A. 
Research Chemist. Signed by: S. Winstein. 
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PAPERS ACCEPTED 


(List of Papers accepted between October 28th and November 25th, 1954, for publication 
in the Journal.) 


Numbers quoted are ‘‘ Reprint Order Numbers.’’ Reprints may be ordered from the 
list below, or from the published Journal (January 1954 onwards). Orders must be sent 
to the General Secretary accompanied by a remittance for 5s. for each reprint or by the 
appropriate number of reprint vouchers. Reprint voucher books may be obtained price 
10s. per book of five vouchers, available to Fellows and to those who subscribe to the 
Journal. Fellows, but not subscribers, may also obtain books, limited to one per Fellow, 
containing 30 reprint vouchers at {1 i0s. per book. 


5035. “ $-Aroylpropionic acids. Part III. The action of Grignard reagents on succinic 
anhydride, and $-aroylpropionic acids and their esters.” By F. G. BADDAR, LANSON 
S. EL-AssAL, and (Miss) ApriBA HABASHI. 

5383. ‘‘ Polymers of some basic and acidic «-amino-acids.”” By BRIAN G. OVERELL and 
VLADIMIR PETROW. 

5411. ‘‘ Phenylpropiolic acids. Part IV. The self-condensation of o- and p-tolyl- and 
o-chlorophenyl-propiolic acids.” By F. G. BAppArR, LANson S. Et-AssaL, and NAGUIB 
A. Doss. 

5412. ‘‘ Phenylpropiolic acids. Part V. The self-condensation of 3-alkoxy- and 3: 4- 
dialkoxy-phenylpropiolic acids.”” By F. G. BAppar, H. A. FAniM, and M. A. GALABY. 
5427. “ The analytical properties of 8-hydroxy-5-, -6-, and -7-trifluoromethylquinoline.” 

By R. BELCHER, A. SYKES, and J. C. TATLow. 

5437. ‘‘ Heats of mixing of liquids.’”’ By Joyce CANNING and G, H. CHEESMAN. 

5482. ‘‘ The polysaccharides of Chara (a fresh-water alga). Part I. The isolation and 
study of Chara cellulose.”” By Et S. Amin. 

5483. ‘‘ The polysaccharides of Chara (a fresh-water alga). Part II. The isolation and 
study of Chara hemicellulose.” By Et S, AMIN. 

5526. ‘‘ The structure of cyperone. Part II. The alkali-catalysed isomerisation of 

-cyperone and an autoxidation.”’ By H. M. E. CARDWELL and F. J. MCQUILLIN. 
5527. “ The structure of cyperone. Part III. Natural and synthetic cyperones.”’ By 
F, J. McQuILiin. 


“The supposed dihydroindole reduction products of «-cyano-o-nitrocinnamide.”’ 
3y (Miss) JEAN M. TYLER. 

5566. “‘ Stages in oxidations of organic compounds by potassium permanganate. Part V. 
Oxidations of ketones and of pyruvic acid.’’ By A. Y. DRuMMoND and W. A. WATERS. 
5618. ‘‘ The Beckmann rearrangement of substituted benzylideneacetone oximes.” By 

R. E. Corsett and C. L. DAvey. 


5622. “‘ The bromination of 0- and /-hydroxyaryl ketones.’’ By Nc. Px. Buu-Hoi and 
DENISE LAVIT. 

5647. ‘‘ Amides of vegetable origin. Part III. Structure and stereochemistry of neo- 
herculin.”” By L. CRoMBIE. 

5648. ‘‘ Amides of vegetable origin. Part IV. The nature of pellitorin and anacyclin.” 
By L. CROMBIE. 

5650. “‘ Amides of vegetable origin. Part V. Stereochemistry of conjugated dienes.”’ 
By L. CRoMBIE. 

5651. “‘ Amides of vegetable origin. Part VI. Synthesis of capsaicin.’’ By L. CROMBIE, 
S. H. DANDEGAONKER, and K. B. Simpson. 

5662. ‘‘ Studies in the synthesis of cortisone. Part IX. Infra-red absorption of poly- 
morphic steroids and steroidal sapogenins.’’ By D. H. W. Dickson, J. E. PAGE, and 
D. RoGERs. 
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5665. ‘‘ Fluorosulphonic acid. Part II. Ionisation in the anhydrous solvent and the 
formation of complex fluorides.” By A. A. WOOLF. 

5666. “‘ Studies in the synthesis of cortisone. Part X. Infra-red absorption of 23a- 
and 23b-bromoisosapogenins.” By D. H. W. Dickson and J. E. PAGE. 

5677. ‘‘ The electric moment of 1-methylpyrrolid-2-one.” By ERNsT FISCHER. 

5678. ‘‘ The infra-red spectra of some sulphonamides.” By J. N. BAXTER, J. CYMERMAN- 
CralG, and J. B. WILLIs. 

5684. ‘‘ Quantitative analysis of mixtures of sodium, potassium, magnesium, and calcium 
by paper chromatography.” By D. R. Tristram and C. S. G. PHILLIPs. 

5695. ‘‘ The behaviour of acetic anhydride and benzoic anhydride in sulphuric acid.” By 
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